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Abstract:

This paper is a translation of a study we conducted in the foundry
laboratories of the Technological Institute of Physics and Alloys of
Metals of the National Academy of Sciences Ukraine - Kiev. In
this study, we discussed the possibility of improving the
mechanical, physical and chemical properties of metal alloys on
the basis of iron and carbon by cultivating steel particles whose
diameters do not exceed 5 mm Within the polystyrene models to
obtain reinforced alloys, where the process requires a broad
understanding of the technological foundations of metal casting,
such as studying the microstructure of matrix alloys, reinforcement
phases and diffusion regions, in addition to the methods of casting,
cooling, freezing time, impregnation rate and other foundations,
where the study relied on providing clear criteria for reinforcement
operations. Where the study was conducted on samples of gray
cast iron and ductile iron with spheroidal graphite as matrix alloys,
reinforced with steel bars as reinforcement phases, and a large and
good diffusion of carbon was found from cast iron to steel iron,
and this diffusion of carbon was harmful to the difference in
concentration in the chemical composition of each iron cast iron
and steel, where the amount of diffusion depends on the contact
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surface temperature and duration of To solidify the alloy, to get rid
of unstable chemical bonds and corrosion, the impregnation time is
increased without violating the cooling speed and freezing rate.
Based on the microscopic studies that were conducted on the
samples, it was found that there are no clear boundaries for the
diffusion zones of heterogeneous minerals, and a difference in
crystal structure was found between the base metal, the diffusion
region and the reinforcement metal, and this discrepancy in the
crystal structure leads to an improvement in some mechanical
properties.
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Abstract

The timely availability of blood protects the lives of patients, and
in most cases when blood is needed, it cannot be provided on time
because there is no database to reach the donors in time« especially
when the patient's condition is in danger, in addition to Corona
Virus (Covid 19) patients who are looking for blood plasma from
recovered people. Where in this paper we made an Android
application to facilitate communication between the needy of
blood and blood donors, as we built this application using
(Android Studio) using the Java programming language (java) and
based on Google Firebase. Where the needy and the blood donor
are connected through many communication technologies such as
direct phone calls or online communication programs such as
WhatsApp. The application also provides the ability to add a
request for blood type so that it is provided as quickly as possible«
In addition to linking patients with the Coronavirus and those
recovering with the virus to benefit from their blood plasma. This
application aims to facilitate and reduce the time in the search for
the required blood type and facilitate communication between the
donor and the beneficiary. In addition to creating a security policy
for the users of the application to ensure that the users of the
application authenticate their mobile phone numbers.
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ABSTRACT

Coarse aggregate is one of the basic components of concrete and
occupies the largest volume in the mixture (70-75) % [1].
Therefore, it significantly influences the concrete mixture design
and properties such as strength, maximum size, shape and water
absorption which affect the water demand and the amount of fine
cement and fine aggregate in the concrete mixture.

This study aims to investigate the effect of utilization of Zliten,
Sidi-Alsayeh and Greenilia sand on the compressive strength of
normal and self-compacting concrete.
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Abstract:

Simulation is a method for the implementation of a model over
time, [1] Performance simulation is "the process of developing a
simplified model of a complex system and using the model to
analyze and predict the behavior of the original system.” [2] It is
using by architects and engineers in the aim to help them in their
design during the design process. Simulation is used in many
contexts, for example, it gives building designers information they
need for detailed prediction of air flow and heat transfer processes
in and around building spaces —boundary conditions such as effect
of climate, internal energy sources. Simulation is also used when
the real system is very a complex.

So, this paper will describe some simulation tools which are
important for advanced studies nowadays. The paper will compare
five tools which they need for design process. By Defines the
positive and negative of the tools in the aim to choose the best tool
for advanced using as result of this paper, so the examined tools
include Design Builder, ECOTECT, HEED, IES VE and BSim.
The comparison is based on five criteria including; Expertise
Required, Users, learn, speed, Accuracy, Main aim, Programs to
use, Positive to use, and Negative to use. The result for this study
will be important for architects and engineers in the aim to help
them in their design during the design process in future.

Key word: Simulation Tools -Building Performance simulation-
Design Process- Design Builder, ECOTECT, HEED, IES VE and
BSim.

43 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Temgdorsl T \olume 26 JER o LN

t Ayl duagia

Aliey Aahll gacasal dnlull Gluball (abeicl e daball dagic cadel
Bllaal) sl Jumdl o Capaill Congy il (alds il ) Jyeasll Lt
il 5 5l Laaild At anenaill dlee b lgalaiind o Guaadial aoadl
o) 138 8 dd el

s dadal) e ciagd)

lalulay) e Capall Simulation Tools  slSlaall clsal aal (aje .
- lgae dalaill 1€ e Cinpily gilulas
e sV aal e Capnll Simulation Tools slSlaall cilgal 43l .

Al dadlas LTy aladial) Alsge Lals

5yskiall Simulation Tools sSladl) sl aladin) 3 jeanll 4S5 .
G LY Aty Sl (5l (galinl oolit] U L aall dallas (ol e Capailly
- Wha dajeg daali dpie Ly @la A el

s Ay daal

Simulation Tools slSlaall cilsal a8y daga Cilisyad Zuhall ajeios .
- Al b ) Do maiasi A derdiaally Lalle Ayl

DA e Sl Kol Gle) Cum e gl o3 il e el .
i el 348 U Bl ilayg dusgilly SelaY) andi b 5aclis dawtia zaly
cOpedicaall Ly ope Jahy eliad 3la 8 acluy

peiyis Alend) Lavigl Jlae (8 Gracadiadl duhll ol &l a8 .
di el ol i b Al) Lgadladl Lalle A8y jadl slSlaall clgal Juadl e
- gl

44 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 .Mﬂ\ Ay p gladl Ayl A
et e i Ty foersnd

Jemoromd - \olume 26 pem Y LN

e leolatin) Algges Aaii el oda alatiad o (uacadial goads .
- Ausgilly Belially Bhad) Lals (e Gluall zaje sliad yidg (A Lgaaild alae

: dadal) 1

Cind deingy bl 8 v zigal dawl Ayl Lol sl s e
e Anaal gagis ¢ [1]7 Y adlgll (a)) e JSUie (o (ool Law laay)
Aled gl L35S yualall Cagll b audy Gl o desdiadl) 28l 1o 5lSlas
ils ey e sdle .l Bla 550 DA Al dahlly 28Ul olaf dudyl
Glidacy elsgll 305 Juadall sull lgigaling Al Clagleall Shall canadd i
Fldl il i Dagand) Cagylally Sl Clalee Jeny J3l plall Jas
sda sl SN Lologll CanSng duggilly Atul) Aalaily Adalal) AEUall jalaeg
cqaball alatid danyhay cale (S8 Lgin Llad) Caagy A8Uall cilgal (uad Ayl
LS aladin¥) e Caaglly ¢padiiieaall dae 5 Hladiuay) iy A3jaell oda Jadig
aay et Chgu

s Al clayal) 2

PoAuhal oda 8 Bl slSlaall eyl Lo yat dadka (alpiad

Design  Jiw Simulation Tools slSlaall g pge )il .
: (1) Ul zase LS BSIM- IES VE- HEED- ECOTECT-Builder
Laley bl Coany zalipll Ciped (o Aaladl cluhall (gl jaiad .
Clisae o gelin S @il e Gl Gle J<a cilayially elaad)

LIS

45 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 daal) Ay p gladl Ayl A

Technology Journal Volume 26 oy e — )‘(
Al g p gl A0 3a) Alnal ST A Ve

fes

IESVE HEED

@ﬂ Simulation tools

BSim

Design Builder

ECOTECT
(Sladl raall ) Lahall A k) slSladll clsf (1) USa

BSladl) aadies G 6 ale <A BSlaal galy Jlesiad (@ .
bl goes o Cus Sl aedll Gleadl e daadl malnd) i L

cdraaill Bpanag cu V) ASuE e §dgia

He He Go e loos Yrwrtaon fie I a1 @
NZHS R R A 99 F29 cILLBLH OB OB LQG 17
Navigaa, Site project 1, Buiding |

£ s | Aty | Cecten | Cpennn [ Liparg | WAC | Gonaston | i | 050

dxl4»rZ
n'?mllﬂ

4 PI” 19 153972517
el da3n J8 malind) dals (2) I<a

46 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 "M‘ ially p gl A0 gt

Temooyind | \olume 26 FER AN

galdl) alall Flall Je Capmilly malipll et (As all aBge paal 2
Ay Mia adsall Aalial) Sl IS 5 Spdle melind) ask addes gisall
) aBgall Al jlae Jo cweddl aagilly daghally shall cilayag ~ L)

[

LOCATION: Cakro Int Airport, Al Qahirah, EGY
VIAND WHEEL Latituderongitude: %0 1)° lori 31 4° East. Time Zone froe Greenwich 2
Data Source: ETMY 623640 VO Staton Number, Elevation 242 1t

LEGEND
TEUPWILRE B 1)
L
wy-w
e »

o | |
[

EifR|

b »l ) 181072517 o & [ O3
Aoy i ) Jia o el elof aasi ayall pdgall & liad) iy e oyl (3) IS
(g

3D 4 2D (palail )
JS gl ean e gilde ST sl Qualiilly colanall <G5 ans a3 4

dnput el A o e sliad

47 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 ‘“’J\ gl y plall Ay Aped

Technology Journal | it e et ey )-(
A8 g o gl A gal) Al Volume 26 STJ/\

R

DR R iR 09LPR AP IB /T 22D/ R 00000 HL AL L

Lot | Asety | Commmatan | Coums | Lipiny | MAC | G | g | S0 -

didp e g Lot

LT
L BT
@ st owaren e

& pssatunrs s
PR

W Lovs s mangeie
Beories et that o e it
S,

o Caaan oeme ey
Ssanad bk g 4 e fane
B L e ot
e o ot N3 0 0N
7 Shha G5 1 e Mok 2 1y

e chbrg oo

- clazill gBlge sl G aadly el e G isal) aas) (4) OS3

Output as ciladall el & (rag Sl adail malipll ol ollac) .5
K ol DUl peedll i ade maag Sl DB cwsin auy IS8 e

-zl Bayg5 Bhall cilann by Silaguys Jslang L

48 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 ) iy g gl i Al

Technology Journal Vol 26 —— )~.<
51 g o glall 48 all Alaal) olume l ST-J/\

cinadl e il laydls ~ Lyl IS8 magsy dalad) s il Output (5) IS

SNl ) J aaaill Qe o ol b il o2 dasal an .6
- Slise ) gpardioed daipe e Ay JSUie ) a5 el

—n

:(input ) ale J<iy Blslaal) maly cBAM Adgi 7 agal

49 Copyright © ISTJ ik gine aoball (3 gin
Al 5 o slall 40 5al) Alaall



International Science and 26 .1..1:1\ ially p gl A0 gt

il M sl Torkdar el

Technology Journal VO | ume 26 ><
ciferct hpie STA™

Weather HVAC
Conditions Systems
Internal

\ / Loads
Operating strategies Simulation
and schedules engine

Results
————

Building
Geometry

Simulation Specific
parameters (numeric
convergence
tolerances, workflow)

- el J<a sSlaall maly INpUt AN a2 3sai (6) JS&

i

DesignBuilder

P

Il RIUS

O

EcoDesigner

I

X

e ae—

]
IDA ICE

Lesosai i@

[ ]
s,

TRNSYS17

- Bl Clgal Gaakai b se b Al duasigh bl gl Jlia (7) J<a

50 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 ) Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Jemoromd - \olume 26 pem Y LN

ECOTECT Tool : galiyll ad

: eyl

Blal< Cplenall Cpeadigall JB (e podien 258 malin 8 ECOTECT @ iyl
DA Lady 5 el @y & ( Performance analysis tools) (s
ol algl e aae pe el CEN sal 8 i) i . maaail] Jalye
sl als¥) e dcgena ga Sl A arecsi dgalyy malill elai3]
sslay) Cua e 3D building models byl 406 bl i) oY

[2] .5hadly caguall

P ] ) gl

5 [1] Belaal) scum o alal) A6 Ll 3l st 8 aadiey 1
[4] asUally & Lal) by Jibesilly seliaYly (ally ageall sl¥lg dal)

el SIS po Aigpe daladll G Cpacaiidl aeley zalyd) 2
2l J8 aeaill oo da () deagill WS ) Ladls

il Il araal Aalsicd e 55 A pealial) ot & aasiey 3
[2] . &l julaall Gins A asaleatl) Juail ) gl

el JSw mag 3D models e_mﬂ Ayl S aw) :Input edAaal
([5] 3D & sadl b Qlads Blgs e el Jualis S pe zlally i)
il Jals elagll 335 g Cageall (8B Bylal) elal ddjpadd

:(8) <&l

(input ) ale JSdy BlSlaall galy AL andagi £ isal

51 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 Jm‘ ia
Technology Journal

Jemoromd - \olume 26 pem Y LN

dgan g o bt 40 530 A

paslil) (b BRI 520 Lowal) Epntigl) gralyally alipal) Jlaniod guazngi : 1 Jsin
zealisll Tool Bslaal) Cisa dautigl) galyal

3ae Luwall

ECOTECT | ) A zigadl) ¢ Al anacatl) Imports
Jalailly asanail) ¢ (2ly) DG aranai) | CAD-BIM

¢ ally cpdadl) Jlaal ¢ (glall models
48lhal) 8 agadl) ¢ dauall e 333 | from most
C‘:U.“ dé.ﬁ oAbl ¢ ‘a_..\w\ ¢ w\ CAD

daclhuaY|y dunsdal) 5ol ¢ slsgdls software
3 Sgﬂ\ SJJ.\;\.QS:‘ Bleﬂ\ SJJA@:\_.\E‘
ratigl) (igeal) Jaladl) ¢ Agaa

- Gl saay 3 aal) INPUL el COAN asagi - 3gai (8) JSa

52 Copyright © ISTJ s gine gkl (5 sia
28l 5 o glall 43 5ol) Alaall



International Science and 26 ) Tyl plall T 0 gt

Temooymnd | \olume 26 JER . LN

ECOTECT aalall Cillasll Jidatl ciloghedll (igad : Output cilajaal
(3) JSal kil (5] dlsguns dsly Jslans 3D by Clasesy )

el sy asagi #3541 (9) JS4

el Jaly glsgll (38 BlSlaa g Cageall (3N (3 all BlSlae tcula il

( HEED) Home Energy Efficient Design : galill auil

Ay clidly (Hlarall el Lald <) Lé_sl_mﬂ poan malin ga 1l pdl)
piinss elsgll CanSs (e Al A8l Jleal il ) arecas 24 8 Jiid)

53 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 daad) ity pglall Ay g

Technology Journal | —— >~.<
480 g a glall A gul) Alnal) VO ume 26 l STJ/\

Slo Capmlly Al hall UaD) A e Capel) : galinl] ol Csgl)
el Bl - liall penatll Alaialy Adalall 8 ad) daydg svenaill Aladl) 3Lk
[5]

Bsdl a5 ks clogles ol gy Jan malpdl : Input AL
[6]. uaal 539 Glshall aaeg il ) Aaliadd JSH g ganally

s =
88 | etk | Abersne
Flaee Plamees Praject Mew |
Schame T Copy 7' My Font Dimige Py Type SIGF FANN Y RESINNCF

| Geatow - | (f)

e m-,j e

i»
'3-0

ey

— Hiii

o | v |
54 Copyright © ISTJ ik gine aoball (3 gin

Al o glall 303 Alaal



International Science and 26 ‘“’J‘ ially p gl A0 gt

Technology Journal I B — T >‘<
iy ipn daa  VOIUME 26 ST

pld) ) b€ allal) &y 3l 8 el Gy :Output clajial)
i sl el aniiy &l LLoclandlly saae¥ls ohaally clbucayVly Caaul) (i
B8y elogll Jaea (A juailly Juall polag Jals (8 elodll Hha Clapr ddpme e

(7]« dly Jshaas &by Slase) G oo &l -0 eliesl) A4S 5ela)

Solar

Thermal il
System
Grey Water
Rgcztc;;:g Dual Flush
Y Toliet
£ Wind
folL Turbine Faucet
= N\epd erator
i I
—ir
! N =
: in Water
Collecti
ompos® i
2 l Hot Wat
Recirculatjon}.
Energy, taral
Efficiefit G ng
Lighti ,
(SANE "-_3
& @ = High Efficiency
(@) l | ' m Water Heating
Energy Effici . T System

Heating and Coo!
System

Appliances
BeliSy Cpdeally 20,0l BoliS Jia el lilKe) auifty 3lai cilajia (1) J<a
Bl adgis caludly S elll s sale) bty ayally dssgilly selial)
LIS daia gl LaKRY) (e duaally Al

55 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 .1..1:1\ ially p gl A0 gt

—
Technology Journal Volume 26 e Q
iz bethed ISTJAT

o D L B 8 M 00 )
A% » ¥ 0 s 02 E
B0 Dusn Adrwed | Dosbate | Lhewy | Nt e | Abes e s

Sewt Womdow Prejeet | L Tpo—
Scheme 1 Capy 2: My Fiest Desige Buttieg Type: SINGLE FANILY RESIDENCE |
Oy Locaion L Al et d)

Fictaswe © Moy rev g Coaie

Balbdiag Type: SINGLE FAMILY RESODENCE
ity Latatnn | an Angebesdie st o)

T T 0T DS e e
 Buhes Por fem
2 Pwrrerw cmperee iv Sotweve W
B Beiern pow manew s lnh of Raew o poe

1. Meets Energy Cose
1
e e
e e B e
==
‘ 2 [ty w sqpeancen
Ehoetin g o et Pare
aw
- - - El ceerere
[ ——
- - - Move pour curier onto the Bars. then
ST hagian Lt yo% Can 3 the sxsct Imeunt of each bar.
SpCTROT ¢ BOTaL VAR Y 06T

IES VE Tool : galijall aul

(Integrated Environmental Solutions, 2011)

%:}U&\

56 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 "M‘ ially p gl A0 gt

Tt teaal hermre wad Tclbmain Jmmraal

e Volume 26 ST._I%

S Skl (e e e gsinag BSP IES-VE N malipdl jighii 250 (gl
Cray aa I el (8l (s el el ol adagll Jdatl) s
- [B]yspan uadi IS Sl jualial

G J9 Al il zhal o selu galnd) ¢l alad) iagh

¢ Lylall s&ladl ¢ LEED ¢ dallall eDigiul ¢ skl ool Jie 4891 i)

¢ Bhall Glas) ¢ elsgl) 385 « CFD ¢ gall 1Y) ¢ Llgill egum « HVAC
A5] @l Lpesadd) A8UAD) AES ¢ anadl) U ¢ Jeall Gles ¢ Bl ol
Autodesk 5 Archi CAD « i (gA) Ljlanag dawdia maly aa Jony zalisal)

[8] Cllill aadl) & el joumi & LgalriinyGoogle Sketch Up 5 Revit

Jlawiady) Jgas Lt SIS dasyesg Alges ililyl) Jaal lee:  Input cdaaal)
sl J<is 8 Sketch-up  ae malinll Jlaaind (Ko G raadidll
[6]. sl lis€ay Caillagl) dabaly calac) Aail o AN 2l 8 Lusvia

# Lustwemy, ok - Shotedhip Fr

CPE RO X90G0r ZEOCCURBLAOF O IAR D0 €F
: D O S BAENE 8T WY

vt > Room Preperties

57 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 ""’J‘ Ay p gladl Ayl A

s il Tt ]

oy L oy Volume 26 IST-_I/&

ealy LY Aflany) il maiyd el : Output clajial
¢ hall Anatical) Jolanl) Caillag moaend dby Glaguys JolaaS owedd) Jllll
(5] dabail bl (yole el D it gy dually Hpea seda Sl

Free-floating: indoor air temperature comparison
, WDelta Basement (°C)  ®Delta FirstFloor ('C)  ODelta Second Floor ('C)  ®Delta Thurd Floor ('C)

;whhﬂﬂﬂﬂﬂﬂth

ha Feb Mr Ax My o Rl Ay Sp Ot Nov D

Indoor Air Temperature (°C)

Monthly average air temperature differences between the EnergyPlus and IES by

() Top view of the SPEB. (b) Front and back sides of the SPEB Ho

Tdeal air load system: heating and cooling energy demand comparison Detailed: heating and cooling energy consumption comparison
#Heating Load  OCookieg Load s EnergyPhus Cooling (kWh) IES Cooling (kWh)
1% 10
----- EnerryPlos Heating (kWh) — IES Heating (kWD)
2 40
210 § g
i” Bl Bl | o
1 3 1
- [ f Jﬂ \
(X R .V [ AN
3 2 |5
h I I I I : g ?mo :
]
0 0 0
Busemeat Basement FistFloor FistFlor Second  Scond  Third Floor Thard looe 11220110192 112231 9 020101928 8 1726 7 1627 $ 1625 3 1423 4 B2 211221 102130
S
ES EoemPuw [ES  EoerpyPles Floor[ES “"l'o;m IS EoeryPlus b | 0o | bk | Ao |y ] Mo | M| Au || O | Nov | Dw
EnergyPlus and IES annual heating and cooling energy consumptions by floor EnergyPlus and IES total daily heating and cooling energy consumptions

Bisim (Danish Building Research Institute) : zali,l

=

P A

Jralal (User— friendly simulation) alaasuy) dgw sSlase & @ CRapsd
FguaS 8l 2 ! ‘:;:\{}“S e C_A\J)Jﬂ ‘);T uz:\)ﬂ ‘;5‘5 [4]&"_1{41:.\45\‘5 ‘;JIJAS\
de ¢ atyey Guleral Guadigally Shadl ecadl desfie 5Slae Gl Jig
") e s (Y A Dlgaly I L) ddas f aseall f dadadl
[5]

58 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 "M‘ ially p gl A0 gt

Tt il Mty il Torlemsdagy Semrual

oy L oy Volume 26 STJ%

P alinll il Cingl

sgean dalaiall Glbluall Jaedy Daylight jleall ega slSlaal aodioy .
bl el

comedll Heeds Cudgrg ol Je Shadowing JUall vass .
Thermal Jalal) claadll 8 3l cilays @3l pay 8 Liad ardiey .

[4].( by Jelatig aea) Ventilationdseilly 45kl (5 indoor climate
Jadiig Cipall Jals glall Ll cld laliall L€l 5lSlaall: galiyll cMise
[5]. pasiceall alaill gg3g Jsall iligag daddiuall 2l gall

WS LUl MAOWIT YW oy

[TE@E s e _REEXRNIBZE 3¢
K Denrund= « =
= @ Lag=(C
= @ Swellt:
w @ TolelCr
=@ T2Cale

CRCRORTRORCRC
z

5.3

ng syu
=@ TZ2Kakk
=@ TZRest!

=@ TZSemw ,\1*{ e

I O R | T lﬁ&l | _'_f'J
Scele 1512 Grid 1.0 Snap 0,10 [ WoM T 358
pasiioaall allaill £g15 el ligSay dardiioall asall + DA (15) J<a

59 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and 26 "M‘ Ty o gt i a0 ilpn
Tttt ] Mt i Tttt ot ]

:fjg:gl‘j%ﬁfm‘ Volume 26 < T-_I/&

U Jshn 5 sl asey oY gl (Was il (mer galinl) Gilajia
[S] 203 G0 Lpally il Al ililly (isal) Joualis

January

f
|

/‘&w

\m

e

|
}\\ 'U‘

~N

el clajadl z3sa (17) JSa

The DesignBuilder software : galill al
o DesignBuilder

SOFTWARE ¢ 3l

bl ABlall BlSlae Laadl 589 daaa jgae ade melin sa ichyadl
[9]. sl Juis ¢l EnergyPlus

P ralll ula) gl

Energy consumption dalall .l ¢Plgin) Jaas ]

ol Lali ey sehall b e gl Clgalsll Ghls ety -
- gl g LDl

Lsgll @y Slall @l Thermal simulation d)ball slSlal) "
naturally ventilated d.ukll

. @mij\ E;ba}}\‘fe&ﬂ&h)ﬁa Al n

60 Copyright © ISTJ s gine qaball (5 gia
Ayl 5 o slall 40 all Alaall



International Science and 26 daal) Ay p gladl Ayl A

Technology Journal Volume 26 oy e — )"’(
Al g p gl A0 3a) Alnal ST A Ve

+ A5leS) B3l oDlgid 8 58l il fike a3k .
J10] ayally 2830 lans alaay Claa g .

Gub oo Ly aldas ahall ) e cileglaall daiow INput Aval) cDBAe
L2t by e CIBH a2l 3 Ajlenall 3Ll aadiie ggd [10]. CAD data
[10] . Revit, ArchiCAD all 4l sketch up 5 cudh)ll zalij Jia sac b

C G el 8 daigh JISEY 2 malill DA (18) U<

61 Copyright © ISTJ AL gina bl (5 g
Ayl 5 o slall 40 all Alaall



International Science and

Technology Journal
A58 g o slall 4 gal) Alaal)

26 daal)
Volume 26

Ay p gladl Ayl A

Tt il Mty il Torlemsdagy Semrual

ST

Bhall Gilajyag ddlall Dlginy le)f payivy : Output galiull clada

JUsY) Gy dsalls bl e il

oy S dyhall dally dush

[5]. dulalall clelindll A slsgll &g mhandlly Ghaall A& (e )l

EnergyPlus Output

Total energy consumption (kWh)

Total energy consumption (kWh) - Untitled, Building 1

17 Aug - 23 Aug, Parametric Analysis

s | ocal shading type = 0.5m projection Louvre
s | ocal shading type = 1.0m projection Louvre

1160 s Local shading type = 1.5 m projection Louvre

1140

1120

1100

1080 -

1060

1040 -

1020

Licensed

20 30 40 50

Window to wall %

60

s A Terperalire  mmmmm Radian! Temperalure  mummm Operalive Temperaiure

Otk Dry-Bb Temperature

Temperature {“C)

70 80

[

s Exiernal Vent smsssm Radien! Heaing mssssm GeneralLighting mssssm Computer + Equip

mmmmm Qccupancy Solar Gains Exterior Windows

* "\ i M

Vv f/.- | ’

. Al F%':“’L\ !f
\nf

‘ ,J "‘ S
e V=Y
AR

Heat Balance (k)

e LIFEY L

2 Mon 3 Tue 4 Wed 5Thu

Timel/Dats

phall cila

Dec 2002

sl Dl

8Fri

(19) J<a

758t 85w

62

Copyright © ISTJ

il gina bl G s
Al 5 o shall 40 ) Alaall



International Science and 26 ""’J‘ ially p gl A0 gt s

Jeamoond - \olume 26 jem Y LN

e

-------
.......

B ity

=B E N EEEE AR

uuuuuuu

i1 .rm :I'r]
u_ & T e

gl clajad g Jis output (20) J<a
o X 4
) JidY! el pass 8 ae s
ECOTECT

tCjaaa
idee P a4V Jaball 8 Feedback muaailly gsa)ll 4ul<d) .
[4] - ) arenss

[11] psacill Jabe goan 4 it &pe JK& ECOTECT a3y .

il Al LYY Jabyall 8 Ganylasall ¢paigall ECOTECT e by .
[11]. Ly i 3Dle agd &

M3 0sSsy ) praaill dalie b pacad) S Gubi Jead) e .
[5]-a816l) daball e 5 Jgud LA

[5]. Lo S0 isall Callagh Addas dly Slagwy ECOTECT asky .

[3] - plasia) Al gguss depuall Casess 53518 malpll <1 ECOTECT .
63 Copyright © ISTJ AL gina bl (5 g

Al o glall 303 Alaal



26 ) Ll gl A ) Al

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Jemoromd - \olume 26 pem Y LN

[2]. Al Clilall 22y il Jany .

: Cagand)

Al ghaall b gl aiay Jie s3iee dawdia JISKE GBS digaia -
(3]

Jenin llliias dlle & o malill 3¢ reasieall 06 of s "
[5]. sl

HEED

D Cjaaall

[10]. ddlad) &2l St .

Bl 3 Al yi5 e aelasy anecil) dlgas 3o 2a3iuY) e .
[5].

Bl bl pocas 438 gl o SIS il it sal WY
[9] d:\muﬂ\ &Jﬂ} Z\Aw\ SJJA;.A

:guad)
[5].Single-zone buildings. s353aall §pall Claluall aadioy =
[5] ispadl il Y i gAY il e
[10]. sracsil) dlac (ya 85Ssall dla pall Jadh Canilie .
IES VE
1) jaaal)
[10] -dasjens Algas bl Jlaa) dulec .

Shall (psSiy Jaad el Gujlerall Gawaigall IES Sketch-Up o .
[5] Sketch—-Up alatials Wilaly ganll Laad (<l ¢Lueria

64 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 ) Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Jemoromd - \olume 26 pem Y LN

Oedigall dae Al ae bl Jaa) didecy dgalgl) dale Gilsn .

[5] - lasall
BlSlaes (pujlanall Cpnigall 83Y) 028 massi ¢ ALY DA e 2y .
A gl (M asladl g ¢ ) o e lexall panaill cilla il

[5]

Ageadl] A8l lSay HVAC Jlanl 8158Y) eacs L Jilad) 43y eaney .
[10] - pixall il il dpmalall sl bl

D Qgud)

(Sketch-Up) ol (ii€u el cilasanad (& Chball diaad gsa)ll .
ASan e

ol e QDAL A dolee aed Wy Al e At Ll .
[5] - Jstanlly owmill closlaal) (o Sy isall iyl gl

BSim

D Cisaall

Wb saazall b_,l.mﬂ PRESI n

Gl Ak pid suid) Ghall pti 8

Simulation s\Slaall 8 Zlal) ashadl allall d ady Gl e ardion .
.capabilities,

C el il adle G Graadtie ) gliag Vs Hi) e
[5]. Sl & @hall Jalall & Lal slSladd ekl d3ds 313 o BSImM .

tgand)

. Biage y& @tu]\ =

[5] dncine gl Gut 3 DA AL 5lSlae s Y .

65 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 ) Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Jemoromd - \olume 26 pem Y LN

Design Builder
D Gisaaldl
[11] . 48 Llle il Jany gali .
P e BIM z3li pe Sl diadall 45} DesignBuilder s, .
lalis) 3 aladY) A8 jlane z 3Lt dlyiiasls Glld eansy GOXML o) pii) 451Ka)
sty oSa ¢ sl duxia (Lad Microstation i ArchiCAD i Revit
[11] -alad¥) A 7 3sas aladialy
o Sl meatl el (A Guacdiall gojleed] Glaglas adi .
[4]. NZEB aalall
t e gund)
o 83aal) BSsall el pll e iy ]
Gob oo VI lgiansig Leagh o Y Aliaie SISl dilee Cilajie paen .
cOmlera uaadia
oedigall gl pia ddee QIS S aem Y Gyl &l .
[11] . lendll

sl PITIE .5

p Ul gaball G dale AjlRa (1) Jsis Adlia : Yyl
0o gebdll dumil e Capll agall e (Sl sy Clas galin o sal (S
RGP | PRI STVVN| PRGH EGEON| PRty EVON RPNREGI ' I R VRN KER Y

el 8 ECOTECT zalin ol 65 (1) o Jsaall a3 DA e Yl
G_A\)J\QAREJJZSTM\AJ\)‘W?{\) peaill dilee dabe PlA - 2kag Jlad

66 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and 26 ) Tyaly gyt 300 g

Imtmrnastional Mebrmes mad Torlmeing demraal

Jemoromd - \olume 26 pem Y LN

by ) gl ddee a5 Feedback  dealll sty 43) LS gAY
GlugSill JS8 Aggan Hha gelip 2 5 4P CObaaally aball aecaill

Go S A3 Jgw , HEED gmalip o) (1) Jslasdl e Ll Ll
il juad iy ) glagy 82 3 aliley; ECOTECT Giludl malind
g A aadien by 5l Gilaludl @l Slall adh i ey (Sl el
Lapeaill Ldeall (o Jah prenaill Sblay 4 S Ally seeaill Jalie (e 2080

dabe ol Alatial) die lgan clpeddl (e 2aell Sl IES VE @ GG
RS Glogladll piag die Lagad aladinl) aojug dgu ey D areail)
s bl o)s (53 Sketch—Up malin ae pladin) 4ul€al 4l il LS
N (uaadial dalg 8 digea dgag (e i)l dew S apeall il

cleslad) e S agag dain Ll Al

Wiha Ldalall clebiadll 5\Slas xie 483 galyd) S BSIM tool ) yiey : )
Educational user duwlaill malull (e ey ¢ Sange mil ol aag Y

. interface

b omlenall e ) ake Claglas adesg Ldlall Al Load i : luwald
gobe dandsy 2laY) LD JICET 00585 (8 pge 4 LS A8l jhea Slall praas
. Revit, ArchiCAD or Microstation .a sclus

67 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



International Science and

Technology Journal
8l g o glall 4 gal) Al

26 )
Volume 26

Ay p gl 5 A

Imtmrnastional Mebrmes mad Torlmeing demraal

= .l

X

Glaially cOasal) AN Caae AN ¢ gl sl Caa t 2 Jsa
(ol jaaall ) asally Clisaally

] r &
HEED ‘é @ﬂ q
ECOTECT IES VE BSim DesignBuilder
Nu of user Over 2000 14,792 users 650 users in
and users 16 % of the Global Denmark Global User
country approximately usersin User and
of users 60 universities Southern Germany
mainly in California, also users in
KX Australia, UK 7% in Canada,
Crpaddinial) and USA California, Mexico,
48% in the New
adiiua 2000 G2 | US, and 29% Zealand,
in another Japan, aldiuy) aul g
country &l France,
addiua 14.792 PAKE ] Sweden,
Norway,
and Iceland
adiius 650
Expertise sl ass of
Required Opadiinall
38 gmali alai 3 i Jals agd 43 pal) (jany Gl agd
e pranail) b ool OF Aalal) z=li_ Design
;J'#, il e the ) aranal Builder
software i palli S g
Lol (Al
sbad] Jal ¢
) gagal
Users Otarall Cpputiga (ppaasa Cpanigall Cppudigall Opuigal
Opedigall g Al g dinny | Omarall Oialallg O i)
Cpatiienal O i) 9 Ll Cpeudigall g Gl s, Craigallg
(Aaaay Cominal) beliS LiLagy ?‘“"J o laral)
U g bl ¢ ddlkat) Sy )
Csllall il Jiball clasal il g
Crpuaniall g, il gual) 2dla g GOall
learn easy-to- easy-to-use | easy-to-use | easy-to-use easy-to-use
pladl) use(difficult for | alaaia) Jgw S plARiuY) Jg RIS
new users ) RREG
AT Jguw
(i )
23} ¢ppadiicuall)
Speed v.quick A aal) by Quick Quick Quick
s ) i g s1aY gl (s S B o
Huaﬂ\ Silans
68 Copyright © ISTJ s gine qaball (5 gia

Al o glall 303 Alaal




International Science and

26 )

4y ol 50 R

Imtmrnastional Mebrmes mad Torlmeing demraal

Technology Journal )
iy g g Volume 26 STJ/&
Accuracy High Accurate Accurate Accurate High
43l By e @da &8s &8s By e
Main aim dal Jll asiius energy costs, | shY aladiul Slslans Al Design Builder
ciagl) aladial g ¢ Aal g for home EIA] &l azalf 1 3iaa 13480
Fliall g ¢ AiUal) gl I8y dalaiyl g 58 uall Aadaill
¢l 0yl A8l Calss 48Ul Gl Saliny | bl Clasaail
Agall 1Yy J il LEED -« Ghidall <l el Al
¢ gl <Al al) ag ) _al), Aalidal aranatl)
Sl g ¢ Belay) g HVAC « L) da 0
dal g ., el 43Ul &gl g
¢ Ag gl all sglaally
PN ER]
¢ Al
45l
¢ dgaglal)
S s 9
Programs 3IDCAD | - Archie Windows Archie CAD
to use CAD, NT version
) gliag Autodesk 4, SP3,
&l Revit and Windows
dauz gall Google 2000,
Jdeaaly Sketch Up Windows
XP, or
Windows
Vista.
Positive to |  adidieall may praci Bl A | GaAY (uSa A e gl Jetadl iy
use iy Meallyy gy oy adasy o Jgs) Al 5 sl
&) jaaal) dalsall (B asaaill | Asilaagaladiad) | A gl PREGIA] Banal) !
gy Ol e AN T i e il
e S A Akl b s iy sl
(b sl s Jilag g e < paaall)
O S8 Jalall Bale ) g Jiall 4dUal)
el asanat les sl
Negative to | sl clisea all ariind | A dadl agy; | AdWgiadl | S JShyasxiY
use Balaa dpwdia JLSE Aakhiall @i (e gY dady & AN pia dles
(Sketch-
Up) =
5] AiSas

A gralud) (o alAIN) Ll (he Ajlia (2) Jgdn ¢ il

Al Aoyl alaill dayha o(gerdivall cAugllaall 5pall o HLEAY) bt
sl Al calaaicdl dnlag) caladiud) malys ¢ ol Caagl)

69

Copyright © ISTJ

ia gine aolall (3 g6a

Al o glall 303 Alaal




International Science and
Technology Journal
480 g a glall A gul) Alnal)

26 )
Volume 26

Ay p gl 5 A

Imtmrnastional Mebrmes mad Torlmeing demraal

= .l

X

Slagll juaal) ) aladiad) Aipk 8 bl G dlda : (3) doa

;.:‘-L'nh £ -ia:i ii- HEED IES VE BSim DesignBuilder
Nu of user and country of Some country Some country Global User Some country Global User
users +_ +_ ++ _ +
i plaicull ol et ol ane el alil dell st Jasll o
Expertise Required More exp More exp More exp Minimal exp Minimal exp
il liia = + + + +
e kgt e i gy e 1k g Mg bk M b
Users hes + ++ ++ ++
Learn + -+ + + +
aletlh s i e ot Al AdSen
Speed hes + + + +
dop e = = = =
Accuracy — + + + 4
Qan G e faa faa faa i e
Main aim Different uses Not all Different Not all more uses
++ +_ uses++ +_ 44
Programs to use ++ + ++ + ++
Sl G More Useful i maore useful ks More Useful
b anda ki ada a2 e
Positive to use e+ ++ ++ ++ ++
aljadt more positive for use o - je je
PR T R
Negative to use = — — - —
2l More negative
because it is very
specific
ol

:GB.UHY\ .6

BliAal) gabsal) (s dale djlda .

zleal¥) e dee 3ui€ (uanadiall scliy sgd « ECOTECTY duat )l cilad)
dabe (& Bl abidlly goa)ll (Sar WS caaly 38 5Saall aranaill dalye A
Al 4oy Jad) agd o ujlanall Cpaigal) seliy ail e 5dle auanal)
CAY) A el (ge dnlagd ST ECOTECT (s (ilaus) gl

: Byldal) gald) O aladiuN) dali (e Adjlde .

ECOTECT 8l ¢ asecai 41235 CAD lles ECOTECT 5lSlae 3lalS
el ¢ oAl Lal (e .atee Luavia JIKE sl aall Greriidl Ligea
eamany ¢ il Ganldially ¢ Guanigally ¢ Gulerall Caigall 508 L
ECOTECT ¢ Jidl duw Slo ¢ lealatnad opSIld) ol (iamss ¢ (il

70 Copyright © ISTJ s gine qaball (5 gia

Al o glall 303 Alaal



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Tembyur . \olume26  JER L LN

So el 4 Alald) ddaall B dan age melin s ¢ @ ey aye
G Aabl) B8 e 3K ¢ aeatl) Dlee B elall daall 3 slal)
"l Bl iy b Gd e sdle ¢ i) meal dilee e 5V Jabal
maaill Llaal 132 dage Clipad) 238 o dpaslidl daball 8 aseall Sl
& dulsy) €I ECOTECT slal culjadl sda culas UM dagiy cdlolSaall

- <plasiay)
: ECOTECT gabiall cifjsan

idee Pla 44V dahd) i Feedback mumailly goa)ll dl<y) .
[4] . sl prasd

[11] - poasil) Jalye pres b &t Ay J&al ECOTECT aaiy .
i) Al LAY dalyal) & Clanal ruvigall ECOTECT e by .
[11]. Ll i) 3Dle agd 3

a3 05y (A praaill Jaba (b anaddl S guls Jeudl .
[51-4816l) daball e 5 Jgud LA

[5]. dacse (S0 el Caillag) Ablas dily Slagwy ECOTECT atky .
[3] . alasis¥) &g depuall Case 53 alll i< ECOTECT

[2]. Llall Ulall 4383 2305 ey

tGluagil) 7

Glgal Jie 8yshaiall galyll AIS e Capaills Cpenvigally Calanall oass .
cJslaally sy S sakee sy alasia] Al LgasSl slSladl)

el alialls malll 028 Jia zhabs (Sdlly (Mad) alaill 35 (oaass -

bl cleldl daby el Gubally copaill Jaleay dole Glolss] g
. Glaalall

71 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



26 ) Ry gl 20 K

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Temooymnd | \olume 26 JER . LN

Oe 2wl 3sag e ae il Al sl8lae ol gl el Liaajaiad .
o skl s lgans Y sy Weilines (Ao g UYL ass oY)
Lagadg blee lgailis gulaiy bl 285 (8 malyll oda alasiul 23 13 ]

sk lly Losgily Aabeiall Ll JSLEA o dpaell DS g AaSdl Jladl)
Al JSLA e RIS Al iy el B e ssliaYls sl
-\/\JM.”-

FIYN .8

[1] Emeritus "The Many Facets of Simulation through a
Collection of about 100 Definitions Tuncer Oren" School of
Information Technology and Engineering , Canada

[2] Tuncer Oren."Modeling and Simulation Body of Knowledge
(M&S BoK) — Index" 2010

[3] ROBERTS, Andrew; MARSH, Andrew Cardiff University,
Wales "ECOTECT: Environmental Prediction in Architectural
Education” http://cebe.cf.ac.uk/ http://squl.com/

[4] Drury B. Crawleya, _, Jon W. Handb, Michae™ | Kummertc,
Brent T. Griffithd, "Contrasting the capabilities of building energy
performance simulation programs*2008

[5] http://appsl.eere.energy.gov

[6] Lieve Weytjens*, Shady Attia, Griet Verbeeck, and André De
Herde "The ‘Architect-friendliness’ Of Six Building Performance
Simulation Tools: A Comparative Study ",2011

[7] Murray Milne, Carlos Gomez, Pablo LaRoche, and Jessica
Morton "A Free User-Friendly Design Tool that Shows How To
Reduce Cooling Energy in Buildings" UCLA Department of
Architecture and Urban Design, Los Angeles, CA 90095

[8] J-grgen Erik Christensenl, Peder Schignning2 and Espen
Dethlefsen3"COMPARISON OF SIMPLIFIED AND
ADVANCED BUILDING SIMULATION 2 TOOL WITH

72 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall


http://squ1.com/
http://apps1.eere.energy.gov/

26 ) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Jemoromd - \olume 26 pem Y LN

MEASURED DATA." 13th Conference of International Building
Performance Simulation Association, Chambéry, France,2013

[9] Design Builder Simulation ".CFD Training Guide. 2011
[10]Shady Attia, "State of the Art of Existing Early Design
Simulation Tools for Net Zero EnergyBuildings: A Comparison of
Ten Tools"2011.

[11]"ECOTECT friendly" 2008, www.caduser.com/register
[12][Tobias Maile, Martin Fischer & Vladimir Bazjanac "Building
Energy Performance Simulation Tools - a Life-Cycle and
Interoperable Perspective” CIFE Working Paper #WP107
DECEMBER 2007, STANFORD UNIVERSITY

[13]Hema.s. Rallapalli "A Thesis Presented in Partial Fulfillment
of the Requirements for the Degree Master of Science™. 2010
[14]Joana Sousal "Energy Simulation Software for Buildings:
Review and Comparison” 1 Faculdade de Engenharia da
Universidade do Porto, Porto, Portugal j.bastos.sousa@gmail.com
[15]Abul Abdullah and Ben Cross, "Whole Building Energy
Analysis: A Comparative Study of Different Simulation Tools and
Applications in Architectural Design™ 2014

[16]Rick Clyne , Steven Bodzin "Energy-10" Home Energy
Magazine " September/October 1997

[17]Tuncer Oren" The Many Facets of Simulation through a
Collection of about 100 Definitions” School of Information
Technology and Engineering,, Canada

[18] http://appsl.eere.energy.gov/buildings/tools_directory/alpha |
ist.cfm

[19] http://www.solar-for-energy.com/energy-10-software.htmi

73 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall


http://www.caduser.com/register
mailto:j.bastos.sousa@gmail.com
http://apps1.eere.energy.gov/buildings/tools_directory/alpha_list.cfm
http://apps1.eere.energy.gov/buildings/tools_directory/alpha_list.cfm

International Science and 26 ) Tyl plall T 0 gt
S

Temooymnd | \olume 26 JER . LN

Blanall capal) olpal A ol gaall g AsilaaS 9 3ul) ailuadl) Gany anls
M_Z\J\M@ugéwt Glasa aamy e dailil)

T

27 ke Gl (1l i) cpall 23a (1 jee dana) aaa dadls
Lisraa Gliaa) Gupla 3aggam dujsh 3balagy) jluali
Bhpa daals — aslell LI bl Gl aid ]

B pra daals = aslall LS cliakl) ole 0 ]

L = Llell saleall 5513 — L5l olsall Jlall agaall 2
Email :—Halimah.AL-khojah@sabu.edu.ly

i—oaddall

oailadll Gamy ol 2017 A (e slds el B Auball s Cujal
Lalal) el lana (s (o A3l sliaall Gl sbial dunslgaly AluasSs )
Cogll Lcillaadll 638 (g sl die (29) Auhal) Ciled Cus caihia dina
3.¢5) Cluall laele og,Sud)l Sl o Ll Adla @bl Qlef o) gt
Coelil Al dea ey 3ol dilide Clayug (S saill 4 el s (13
Y (ilyeS ddeasall ¢ ngyugl) Bl ) i illy Aibasl) il LadY)
5.88) o (10 «11c 12¢ 13) liall ungyngll W51 ad () (ASH 251
G A psend) SNl s gy (sl e (6.45¢ 6.19 ¢6.09
Abagall o 35la ol ey cslaad) olaall ( WHO ) dallally Lol diealsal
A9~V adl Laesillsg clgy sansall 2ganll dusg el lisal) paead £l Sl
(188.43 = 6.11 ) i zols &5 dleall dlsall 585 o) geilaall <yl A4S
SNl cns Gl el e @ity g padl el 8 el
all slaal Lol dzialsally ( WHO ) Zaallall Lossldll ddalsall 3 4 sacedll
(S/abake 500 ) s sluadl)

Aglgall Lya€ll sl cillasac ilpem Aide eyl ol =2 dubdal) cilalsl)

74 Copyright © ISTJ s gine qaball (5 gia
28l 5 o glall 43 5ol) Alaall



26 ) Ry gl 20 K

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Temooymnd | \olume 26 JER . LN

Abstract:-

This study was carried out at July/ 2017, to evaluation of soma
Physicochemical parameters of drink water output from
purification station in Sabratha city, the study include (29) of
drink water samples. The results showed that, the major samples
were free from bacterial contamination, except (3,5,15) samples
were found growing bacteria, and in another side, analysis of the
physicochemical properties include (PH, EC, TDS ), show that,
the (PH) for (10,11,12,13) samples were (6.45, 6.19, 6.09, 5.88)
respectively, they weren't limits permitted by World Health
Organization (WHO).furthermore the EC values of all samples
weren't limits permitted by (WHO), also the TDS values results
show that, the concentration of TDS between (6.11-188.43 mg/l) in
all study samples, that means of major samples weren't limits
permitted by (WHO) of drink water (500mg/I) .

Key words: drink water, Sabratha city, purification station,
coliform bacteria.
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Abstract

Commercialization of 5G began in 2019, with widespread
adoption projected by 2021 and beyond. As a result of the COVID-
19 epidemic, more firms went online, ushering in a "New Normal"
with a global workplace. The increased Internet usage that has
resulted highlights the need for better connectivity in order to
fulfill the growing demand for more severe network needs. 6G
networks are intended to provide performance superior to 5G and

fulfill developing services and applications, making them a crucial
enabler for the intelligent information society of 2030. In this
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paper, we present a survey of potential essential technologies in
6G. In particular, we will introduce articial intelligence, challenges
and state -of- the- art, and terahertz communications technologies
in detail, while giving a brief introduction to other potential
technologies.

Keywords: Internet usage, better connectivity, 6G networks,
intelligent information society

I.LINTRODUCTION

Due to the advent of gadgets and machine-to-machine (M2M)
interactions, mobile data traffic has increased exponentially during
the past 10 years, the exponential expansion of mobile connectivity
as shown in Figure 1, the global mobile traffic volume is also
expected to increase 670 times by 2030 compared to 2010 and in
general, the number of mobile phone subscriptions is expected to
reach 17.1 billion [1].
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Figure 1. ITU Predictions for Global Mobile Data Traffic [1]

Data-driven adaptive and intelligent approaches have recently
piqued researchers' interest. The 5G wireless networks will lay the
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groundwork for intelligent networks that can perform Ai tasks [2].
The capacity of 5G is predicted to reach its limit by 2030 [3]. In
the rest of the paper, we discuss relevant work, important
difficulties, and state-of-the-art techniques and solutions.

ILLITERATURE REVIEW
A vision of 6G mobile networks is presented in several

publications, which include enabling technology, prospective uses,
needs, and problems. The authors of [4] focused on the important
accomplishments and challenges of earlier mobile networks,
ranging from 1G to 5G as showing in figure 2.

G5 2020
Data,Connectivit
y.and User

Experience

2010 LTE
VOISE,DATA,
VIEDIO CALL

,DVB,

1992 GSM
VOISE AND
DATA
3G
2000 UMTS
VOISE, DATA,
IEDIO CAL

Figure 2. Shows the evolution of service kinds throughout wireless
mobile generations.

The progression of mobile networks to the 6G network was
covered in [5]. The authors [6] concentrated on projected
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architectural changes in 6G networks, such as 3D architecture and
pervasive Ai. The authors of [7] present a complete picture of 6G,
including anticipated applications, emerging trends, supporting
technologies, and open research problems. The authors in [8]
explored 6G networks from an Al perspective as Al-based mobile
applications grow more prevalent. The authors of this research
stated that from the network core to the edge devices, 6G networks
will be expected to incorporate pervasive Al solutions.[9]
published one of the most recent studies on 6G networks. The
writers reviewed 6G requirements and shared their vision of 6G
networks. Furthermore, they hypothesized on the uses of the 6G
era and highlighted the main anticipated hurdles. The authors of
[10] provided a thorough analysis of 6G networks. Their analysis
includes enabling technologies, possible use case scenarios,
difficulties, as well as 6G's prospects and progress. Work [11] is
one of the few papers that thoroughly investigates the fundamental
services of the 6G network. The authors of [12] presented a list of
6G requirements based on probable future use cases (for example,
augmented reality (AR)/virtual reality (VR) for industry and
biosensors). Last but not least,[13] the authors emphasize the need
of 6G remaining a human-centric network. In light of this, 6G
networks will need to provide a high level of security and privacy.

I11. CHALLENGES AND STATE-OF-THE-ARTS

Some tough needs in 6G wireless communication must be met in
order meet global technology demands. The major challenging
themes are researched and discussed in this part. The THz band is
the major issue in the 6G wireless communication technology.
Despite the high data speeds, the high frequencies make
overcoming the high path loss a significant challenge. The air
absorption and propagation loss for long-distance communications
are quite high. To solve the problem of frequency dispersion, new
multipath channel models must be created due to the wide
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bandwidth [14]. For the THz band, conventional modulation and
coding methods are in sufficient. New transceivers should be
developed to operate in the high frequency band, with very broad
bandwidth, high power, high sensitivity, and low noise figure.
Furthermore, not all wireless communication methods were
compatible with devices. Devices should also allow users to
engage with other devices via Device-to-Device D2D
communication, Al, and XR [15]. Because billions of devices
other than smartphones will be linked to the 6G network, efficient
energy transfer techniques, particularly wireless energy transfer
methods [16], should be explored, and devices connected should
be designed to enable multiple charging ways. Physical layer
security techniques and integrated network security strategies [17]
with low cost, low complexity, and extremely high security should
be studied. The high-frequency band in THz is supported by 6G
wireless communication technologies, as well as spectrum and
resource sharing. Transceivers should be able to support this
technology if the antenna is constructed with the appropriate size;
nano scale to micrometre components that meet the holographic
beam forming criteria as described in [18, 19].

IV. THz COMMUNICATIONS

In general, the low-frequency spectrum band has a better
propagation characteristic to enable large coverage, but because of
the comparatively small bandwidth, it achieves a poor transmission
rate. With the exponential growth of high-data-rate needs, 5G is
expected to make advantage of the mm Wave spectrum, which can
provide new bandwidths in the gigahertz range [20].

V.POTENTIALAPPLICATIONS

Some of the most important 6G wireless communication
applications uMUB, uHLSLLC, mMTC, and uHDD services are
used to describe 6G applications as showing in figure 3.
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Figure 3. Depicts a summary of 6G uses.

Extended reality (XR) services, such as augmented reality (AR),
mixed reality (MR), and virtual reality (VR), are critical
components of 6G communication networks. All of these features
rely on 3D objects and Al as their driving forces. 6G will deliver a
completely  immersive AR/MR/VR  experience  through
collaborative design integration and high-quality 6G wireless
connectivity, in addition to meeting perceptual computing,
cognition, storage, human senses, and physiological needs [21].
Furthermore, when the cellular base station is unavailable or
malfunctioning, the UAV will be employed to provide wireless
broadcast and high-rate communications [22]. The brain-computer
interface (BCI) is a method of controlling the brain. Home
appliances and medical equipment, in particular, are commonplace
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in smart societies [23]. In 6G wireless communication, the
characteristics of uHLSLLC and uMTC will allow the real
deployment of BCI systems for a smart life. The sensation of touch
Is used in haptic communication, which is a type of nonverbal
communication. Remote users will be able to enjoy haptic
sensations through real-time interactive systems thanks to the
proposed 6G wireless connection [24].

VI. Al EMPOWERED WIRELESS COMMUNICATIONS

Al will be essential in optimizing future 6G networks by solving
issues that are difficult to describe using closed-form models [25].
6G will allow additional applications, as seen in figure 4, by
utilizing Al.
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Figure 4. A 6G wireless network with Al capabilities and associated applications
[26].

Smart cities, cellular networks, linked autonomous electric cars,

and unlicensed spectrum access are all examples of intelligent

systems [27]. To ease large-scale deployment of 6G networks, this

will justify a demand for the creation of new network designs and

system models, as well as standardized interfaces, protocols, and
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data formats [28]. Deep learning, which is regarded as a key
component of Al technology, is frequently utilized in wireless
networks [29]. It will be critical in a number of areas, including
semantic communications, holistic communication management,
control resource regions, caching, and computing, among others,
all of which will contribute to the 6G paradigm change.

VII. CONCLUSIONS

Wireless communication networks of the sixth generation (6G) are
planned to give global coverage. We looked at previous studies,
prospective requirements and trends, enabling technologies,
potential difficulties, and future research paths related to 6G.A 6G
networks will rely on new technology to achieve these
requirements. We have highlighted the potential applications that
may be utilized for 6G communication in addition to explaining
the vision and aim of 6G communications.
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Abstract

In this paper, the Schrodinger equation for two dimensional finite
rectangular well potential has been solved numerically. The lower
angular excited state wave functions and their corresponding
energy eigenvalues are determined as well. These calculations are
performed using the finite difference time domain method (FDTD)
by taking advantage of the symmetric properties of the wave
functions. Since there are no exact analytical solutions to the finite
rectangular well potential, so in order to confirm the accuracy of
our calculations, we studied different values of potential depths
with certain value of potential area then we compared our results
to the exact solutions of the infinite well potentials with the same
area.

Kew words: finite difference time domain method, finite square
well potential, finite rectangular well potentials, Schrddinger
equation
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1. Introduction

It is well known that solving Schrddinger equation for two
dimensional finite rectangular well potential cannot be achieved
analytically, since this potential is not separable potential.
Therefore, in this case one has to resort the numerical technique.
The Numerical methods have played an important role for solving
many physics problems particularly in quantum mechanics. One of
the most useful and powerful numerical methods is the finite
difference time domain (FDTD) technique. It is successfully
applied to obtain the ground state for any given system due to its
diffusion behavior [1]. By modifying the boundary conditions of
this method, it is easily employed to obtain some lower excited
states beside to the ground state [2]. This modification involves
introducing lines of zeros on the initial guess wave function and its
second derivative. The only condition to apply this modification is
that the potential of the studied system is symmetric, and as we
will show later, the order of the excited states we can get depends
on the number of symmetry axes of the potential. Therefore,
applying this technique to the rectangular well potential that
contains two symmetry axes allows us to extract the first three
lowest angular excited states, while applying it to the square well
potential leads to get extra angular excited state due to the diagonal
symmetry axis of this potential.
This paper is organized into four sections including the
introduction section as follows: the general theory section which
introduces the (FDTD) method scheme in two-dimensions,
followed by the symmetric modification scheme used to get the
lowest angular excited states. In the calculations section, we apply
this procedure to both the finite rectangular well potential and the
finite square well potential, also the numerical results are
illustrated and discussed in this section. Finally, the last section
contains the summary and the conclusion.
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2. General Theory
The time dependent Schrédinger equation is given by
where H is the Hamiltonian of the system. The dimensionless form
of the Hamiltonian in two dimensions is given by
~ 02 02
H = —<ﬁ+a—yz>+V(x,y). (2)
Applying the (FDTD) method to solve the time dependent
Schrédinger equation requires transforming it into a diffusion type
equation as

_ Y(7,
Hy@ 1) = —$' 3)

This transformation is performed by replacing the real time
domain to imaginary time domaini.e. T = %t.

The solution of Eqg. (3) in two dimensions can be written as a linear
superposition of stationary states in the following form [1-4],

YYD = ) apiy) ew(-ED, (@)
i=0
where ¢; are expansion coefficients, ¢;(x,y) and E; are the
complete set of eigenfunctions and their corresponding energy
eigenvalues for the time-independent Schrédinger equation,

Ho;(x,y) = E;@;(x,y). (5)

Since the (FDTD) method involves iterative procedure, so Eq. (4)
can be rewritten in a convenient form as

P y,nhD) = ) cp(x,y) exp(~Eman),  (6)

i=0

where At is the imaginary time step and n is an integer represents
the number of the iterations. Applying the iterative procedure on
arbitrary initial guess wave function that includes a mixture of all
possible states will increase the value of the imaginary time
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domain in each iteration by value equal to At [3]. Therefore, for a
large imaginary time interval the wave functions with high energy
eigenvalues damp out quickly because of the factor exp(—E;nAt)
and only the lowest energy state remains which is of course the
ground state in this initial guess wave function. For an ideal
process the number of iterative steps n that required to obtain the
lowest state wave function approaches infinity and Eq.(6) becomes

lim Y (x,y,nAT) = co@o(x,y) exp(—EonAr), (7
n—-oo

where E, is the smallest eigenvalue, and c, exp(—E,nAt) is just a
constant factor which can be removed by normalizing the final
wave function. It should be noted that normalizing of the wave
function is done after each iteration step.

In this work, the (FDTD) method is employed to calculate the
lower angular excited states by using initial guess wave function
that contains lines of zeros laying on the anti-symmetric axis of the
desired excited state wave function. The iterative procedure is then
applied using this technique and numerically maintaining the
symmetry properties of the desired wave function during the
iteration, this procedure will eventually result in the appropriate
lowest excited state. That is applying the iterative procedure
subjected to the symmetric properties using initial guess wave
function that includes no lines of zeros will approach to the ground
state, while applying this procedure with the anti-symmetric
properties using initial guess wave function that includes one line
of zero will lead to the first angular excited state and so on.

Further details of explanation to calculate the energy
eigenvalues and their corresponding eigenfunctions using
symmetric properties of the potential wells in two dimensions, and
the conditions those ensure continuity of symmetry of the applied
initial guess wave function for both even parity and odd parity can
be found in [2]. Due to the success of the (FDTD) method in
applying it to two potentials that include: the simple harmonic
oscillator and the finite cylindrical well with highly accurate
results as demonstrated in [2], therefore, the same procedure is also
applied to study the eigenvalues and eigenfunctions of a
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rectangular well potential in two dimensions as these potentials
have no exact analytical solutions. Hence, we expect satisfying
results will be obtained using similar numerical process.

In order to perform the iterative procedure involved in (FDTD)
method, one has to transform the diffusion equation Eg. (3) into
recursion form as follows;

Using the notation ¥;; = ¥ (iAx, jAy, nAt) , the first order time

derivative can be approximated by using the forward finite
difference formula to be as
oY n+l _ pn.
l'] — l'] l,j . (8)
Jt At
In terms of the potential operator of the Hamiltonian in Eq. (2) it
can be written as

1
Iljl Y 1’l+

Vij i = ”—2 . (9)

Also, the Laplacian operator can be found in two dimensions by
using the central finite difference formula as

Vzll) ¢L+1] + lljl 1,j zng n l1b{,lj+1 + dj{,tj—l - lez,lj (10)
iLj = Ax?2 Ayz ’

Where Ax is the mesh size between adjacent points Ax = x,,; —
X, , and Ay is the mesh size between adjacent points Ay = y,.1 —

Yn-
By plugging equations (8), (9) and (10) into Eq. (3) we get the
recursion form equation

n+1_“1]¢1]+ﬁ11A 2[¢1+1]+¢L 1,j ZIIJ{,lj

+ B A_yz [WF a1 + 001 — 207, (11)

Where a; ; is given by

o= 1- A, (12)
bl 1+ ATVi‘j’
and B; ; is given by
1
= 13
ﬁl'] 1+ ATVi‘j ( )
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In General, the success of the FDTD results is subjected by
choosing suitable parameters of the spatial grid size and the time
step. These parameters should satisfy the stability condition [5, 6],
which is a very restricted condition, in order to prevent the

numerical solution from diverging that is % + F <1.

Because of the symmetric properties, the space used in these
calculations is extended to the unclassical region and it is kept
small by using the end formula for the second derivative at the
boundaries which is given by,

02PN, 2N, —S¥n_1;+ 4PN o — PNz
axz Ax? ’

(14)

And by,

%YLy _ 29y — 5Yin_1 4PNy — Plyo3 (15)
0y? Ay? ’

As stated before, the iterative procedure applied on specific
initial guess wave function must be subjected to the symmetric
properties of this initial guess wave function, this can be achieved
by giving more care in the second order derivative calculations at
the axis. Therefore, if the axis includes zero line then the second
derivatives along this axis using anti symmetric property will be
equal to zero

2,5, 2.,n
0 1,0 _a lpi,o

axz - ayz = OI (16)
ax2 ~ dyr

If there is no zero line on the axis then the second derivative across
this axis using symmetric property will be given by

0%, 2Y1, — 2Yg;

= 1
J0x? Ax? (18)
9%yt 200 — 2yt
l/)l,O — l/)l,l l/)l,O. (19)
dy? Ay?

Also, introducing zero line on the diagonal axis which presented
by red points in Fig. 1 allows us to calculate the third angular
excited state. This condition is performed only for the square well
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potential. We apply the same mesh size for this case and the
second derivatives are given by
%Py %Yy
. Jo_o . =i (2
32 + 3y2 0 if i=j (20)
For the end points presented in Fig.1 namely ¥y y—; and ¢y y_»

the second derivatives with respect to x are calculated by using the
end formula and anti-symmetric properties as

2
d lplr\;,N—l _ 21.[’17\5,1\/—1 - Slplr\Ll—l,N—l - 4¢1T\;—1,N—2 + lp17\ll—1,N—3
)

= 21
0x2 Ax? (21)
azlplr\l/,N—z _ lezr\l/,N—z - 51/’11\}—1,N—2 + 41/)17\11—2,N—2 + ¢116—2,N—3 22)
0x? Ax? '
/”le,N
Ve |
7 |
fe - )
Yulin-1 I YnN-1
/ I |
/NAZ.N—Z IIJN-?; 2 |¢N N-2
Ve | I
o7 Uneagea Ynognes !
/’ | | | 1
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Figure 1. lllustrates the second derivative calculations of the points
Yy n-1 and Py y—, in the grid using the end point formula.

The energy eigenvalues are also calculated numerically by

evaluating the expectation value of the Hamiltonian for their
corresponding normallzed elgenfunctlons as [7, 8]

E = AZZI[J”HIIJUAxAy, (23)
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where A is a factor depends on the calculation area, in other words
since the calculations of the first three lowest states are restricted
to the first quarter of x-y plane then A =4 , whereas, the
calculations of the third excited state are restricted to one eighth of
x-y plane then A = 8.

3. Calculations
The two dimensional finite well potential is given by,

=V, x|l <% 1yl <2
V(x,y ={ 0 2’ 2, 24)
xy) 0 Otherwise (
where V;, is the depth of the potential, L, and L, are the lengths of
the potential, so if L, # L, we get the rectangular well potential,

while if L, = L, = L we get the square well potential.

2
In the distance unit a and energy unit Z:Laz the dimensionless

form of the time independent Schrddinger equation is given by,

V2 (x,y) + v Y(x, y) = ep(x, y), (25)

2ma? 2ma?

where v(x,y) = ——V(x,y) ,and & = —— |E]|.

This second order partial differential equation for finite rectangular
well potential cannot be solved using separation of variables
technique, therefore no exact results are offered for analytical
solutions. So, we compare our numerical energy eigenvalues with
the analytically eigenvalues of the infinite well potentials with the
same dimensions, which are given in the reduced units by

£%(ny, ny) = <L_2 + L_2> %, ngn, =123,..  (26)
x Ly

3.1. The finite rectangular well potential

Since there are only two symmetric axes on the rectangular well
potential, then applying the symmetric techniques lead to the three
lowest angular excited states beside the ground state, their
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corresponding energy eigenvalues and eigenfunctions are shown in
the following tables and figures. The simulation is performed using
an appropriate size of mesh grids Ax, Ay and the imaginary time
step At. After enough number of iterations, the exact state
functions are obtained. Generally, the accuracy of computed
eigenvalues and eigenfunctions involve small grid space and large
computational steps.

Table 1, illustrates the ground state energy eigenvalues
calculated numerically for the rectangular well potential with five
values of potential depths corresponding to potential area of 2X8.
For these lengths the exact ground state energy eigenvalue for the
infinite well potential calculated using Eq. (26) is £°(1,1) =
2.6216. The expectation here is that A e = £ + v, approaches £°
for large or infinite v,y. This shift in energy amounts by changing
the zero reference point to the bottom of the well and Ae is also
expected to be less than £° because of wave function spread.

TABLE 1. The Numerical Ground State Eigenvalues for Finite
Rectangular Well Potential with Area 2X8

The depth The energy eigenvalue | Ag(1,1) €% — Ag
100 -97.9862 2.0138 0.6078
1000 -997.7742 2.2258 0.3958
3000 -2997.6811 2.3189 0.3027
5000 -4997.5941 2.4059 0.2157
7000 -6997.4897 2.5103 0.1113

The lowest odd angular excited state energy eigenvalues are
calculated for the rectangular well potential with well lengths 2X8,
in this case we can set the x-axis or the y-axis as the zero line. The
numerical results are listed in Tables 2, 3. Using Eq. (26) the exact
energy eigenvalues for the infinite well potential corresponding to
this area are £°(1,2) = 3.0843 for the x-axis zero line and
€9(2,1) = 10.0238 for the y-axis zero line.
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TABLE 2. The Numerical First Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8 for Zero x-axis

The depth The energy eigenvalue | Ag(1,2) €% — Ag
100 -97.5495 2.4055 0.6788
1000 -997.3821 2.6179 0.4664
3000 -2997.2953 2.7047 0.3796
5000 -4997.2054 2.7946 0.2897
7000 -6997.0944 2.9056 0.1787
9000 -8996.9636 3.0364 0.0479

TABLE 3. The Numerical Second Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8 for Zero y-axis

The depth The energy eigenvalue | Ag(2,1) €% — Ag
100 -92.5498 7.4502 2.5736
1000 -991.7842 8.2138 1.8100
3000 -2991.5713 8.4287 1.5951
5000 -4991.4194 8.5806 1.4432
7000 -6991.2573 8.7427 1.2811
9000 -8991.0681 8.9319 1.0919

Finally, the third angular excited state energy eigenvalues
calculated numerically with five values of potential depth
corresponding to potential area 2X8 are shown in table 4. This
angular excited state contains two perpendicular lines of zeros. For
these lengths the exact second angular excited state energy
eigenvalue for the infinite well potential calculated using Eq. (26)
is £9(2,2) = 10.4865.

TABLE 4. The Numerical Third Angular Excited State Eigenvalues
for Finite Rectangular Well Potential with Area 2X8

The depth The energy eigenvalue | Ag(2,2) | €% —Ae
100 -92.1583 7.8417 2.6448
1000 -991.3923 8.6077 1.8788
3000 -2991.1861 8.8139 1.6726
5000 -4991.0317 8.9683 1.5182
7000 -6990.8635 9.1365 1.3500
9000 -8990.6663 9.3337 1.1528

It is clear from the results shown in the previous tables that by
increasing the potential depth the results converge to the infinite
well potential results which affirm our calculations. These
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calculations are performed with At = 0.001 and Ax = Ay = 0.1,
with these parameters 500 iterations are sufficient to get
acceptable results. Numerically, the integral calculations are used
to norm the wave function and those are used to determine the
energy eigenvalues are evaluated by using the trapezoidal rule.

In Fig.2 (a, b, c, d), we show the contour plot of the numerical
eigenfunctions of the lowest four states for the rectangular well
potential of depth 100 and dimensions 2X8 respectively.

N .
60

40
20

20 40 60 80 20 40 60 80
a b
80 80 .
: 60 60
40
o4 %0
0.2
02 4 20
03 -0.4
20 40 50 80 20 40 60 80
c d

Figure 2. The contour plot of the lowest four states wave functions of
two dimensional finite rectangular well potential with depth 100 and
lengths 2X8.

a. The normalized ground state wave function ¥4 4 (x, y).
b. The normalized first angular excited state wave function

Y12(x,y).

c. The normalized second angular excited state wave function
Y21(x, y).

d. The normalized third angular excited state wave function
P2.2(x, ).

3.2. The finite square well potential.
The usual square well potential could become special case for
the rectangular well with similar initial conditions. In addition, the
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same mathematical model was used in order to demonstrate the
usefulness of the (FDTD) method to study the wave equation of
the square well potential. Because of the symmetric properties of
the square well we can extract the third angular excited state
beside the three lowest states by introducing a diagonal zero line.

The results in table 5, show the numerically calculated energy
eigenvalues for the four lowest states for the square well potential
with depth 100 and length 4X4 which has the same area of the
previously studied rectangular well potential.

TABLE 5. The Numerical Lowest Four States Energy Eigenvalues
for Square Well Potential with Depth 100 and Dimensions 4X4

The state Energy eigenvalue

Ground state (no zero line) -98.9285

1%t angular excited state (one -97.3547
line of zero)

2"d angular excited state (two -95.7816
lines of zero)

3" angular excited state (three -89.5083
lines of zero)

The contour plots of the numerical normalized wave functions
associated with the energy eigenvalues presented in table 5 are
shown in Fig 3. The ground state wave function is presented in Fig
3a, while Fig 3b. presents the degenerated first angular excited
state wave function that contains one zero line laying on y — axis,
Fig 3c. presents the second angular excited state wave function,
and Fig 3d. presents the third angular excited state wave function.
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Figure 3. The contour plot of the four lowest states wave functions of
two dimensional finite square well potential with depth 100 and lengths
4XA4.

a. The normalized ground state wave function.

b. The normalized first angular excited state wave function.

c. The normalized second angular excited state wave function.
d. The normalized third angular excited state wave function
Conclusion

In this paper we presented the numerical solutions of the lowest
angular excited states for a particle trapped in two-dimensional
finite well potential. These solutions are produced by applying the
(FDTD) method using the appropriate symmetric arguments,
because of the symmetry of the potential, the wave functions can
always be classified into symmetric or anti-symmetric wave
functions. Also, these symmetry arguments reduce the computing
cost to 25 % by using only the first quadrant. Further reduction of
computing cost is obtained by using the end formula for the second
derivative restricting the calculations to even a smaller region in
the first quadrant. Two different shapes of the finite well potentials
are studied in this investigation, the first shape is the rectangular
well which involves two symmetric axes allowing us to calculate
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the lowest angular excited states that contain two perpendicular
axes, either both of them are symmetric axes, or only one of them
is zero axis, or both of them are zero axes. The second shape is the
square well which includes four symmetric axes that allows us to
calculate extra angular excited state that contains diagonal zero
axis. In the first example we checked our results by comparing it
with those corresponding to the exact energy eigenvalues of the
infinite rectangular well potential with the same area, such
comparison gave us good guide for the accuracy of our numerical
results.
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Abstract

To recognize the validity of plant type for the soils that
characterized by high salinity, it is important to study how much
the plants suffered from growth rate at different concentration of
salt stress. This study was performed on the effect of Indole
Butyric Acid (IBA) on the growth of Vicia Faba plant under two
different concentration (4 gm & 9 gm) of sodium chloride and the
control treatment without (IBA and NaCl2). Shoot and root length
were effectively improved under the thedifferent levels of indole 3
acetic acid .The data regarding root length are showed that the
length of root is significantly affected by IBA at the two different
levels comparing with the control sample of distilled water. The
values show that maximum root length at R1 (13.2 cm) for the
treated samples at concentration (4 gm), while (4.5 cm) for
untreated samples. On the other hand, R3 display different values,
whereas, it was (12.4 cm) for treated samples and (7.5 cm) for
untreated samples. At the concentration (9 gm) seams to more
affected by salt stresses, whereas, the root length was (10.9 cm)
and (6.3 cm) for treated and untreated samples respectively. Also,
it is obviously that the number of lateral roots have been affected
by the salty stresses. The obtained results reflect this affecting,
whereas, R1, R2 and R3 showing variable values for the two
concentration levels (4 & 9 gm) for both treated and untreated
samples. The values are (15 & 12), (16& 10), (14 & 13) and (19 &
9), (14 & 11) and (12 & 8) respectively.

The obtained measurements exhibit more or less the same behavior
of leaves lengths. Whereas, the plants more affected at high
concentration (9 gm) comparing with concentration (4 gm). The
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highest value was recorded at R2 (2.6 cm) for the treated sample (4
gm).

From the obtained results it is observed that, the salinity at
different concentration causes clear decreasing in the plant growth
for the investigated samples.

The changing of measurements parameters mainly related to the
nature of soil salinity. The results exhibit a wide variation of these
parameters for both treated and untreated samples.

Plant growth strongly affected at high concentration of salt stresses
(9 gm). The increasing of salinity in the soil may be leads to the
increase of accumulation in plant tissues which affected negatively
on growth rate.

Keywords: Vicia Faba, salt stress, IBA, concentration, growth.
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1. Introduction
Vicia faba is an important food legume crop grown for human and
animal consumption globally especially in china north African
countries parts of Europe as well as north and south Americas, is a
species of flowering plant in the pea and bean family fabaceae.

In Egypt among the most important legumes faba bean which used
on a large scale as tradional human diet because it contain high

percentage of proteins so it is important to increase maximize yield
of faba bean on the other hand faba bean is important for
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agriculture because of its high protein content and symbiosis with
rhizobium bacteria in Egypt mature seeds of faba bean are good
sources of protein starch cellulose vitamin ¢ and minerals
biostimulants are an organic material that has been shown to
influence several metabolic processes such as respiration
photosynthesis and nucleic acid synthesis and ion uptake and when
applied in small quantities enhances plant growth and
development.

Faba bean is an annual legume botanically known as Vicia faba [8]
the crop is known by many names most of which refer to a
particular subgroup rather than the whole species. faba bean fava
bean broad bean horse bean windsoe bean tick beans(small types)
Bakela (Ethiopia) body kumouvje (former USSR) faveira
(Portugal).[9,10].

Indole 3 -butyric acid (IBA) is an auxin precursor that is converted
to IAA which considered an important player in controlling the
growth of lateral roots [1,2]. Moreover, the enlargement of root
systems is caused by branching via lateral root formation and the
extent of root branching is dependent on the growth state of the
plant [3]. IBA has long been used in agriculture to promote root
initiation growth from plant cutting .However, IBA inhibits
primary root elongation and stimulates lateral root formation [4].
It has been established that Indole-3-butyric acid (IBA) is an
endogenous compound in a variety of plant species when applied
exogenously, IBA has a variety of different effects on plant growth
and development, However, the compound of IBA used for the
induction of adventitious roots (Ludwig- Muller, 2000) [5].

Further analysis demonstrate that IBA- derived IAA plays an
essential role in root hair and cotyledon cell expansion [6]. The
discovery of auxin as a plant growth hormone, its physiological
effects and practical application attracting story of horticultural
research [7]. It has been reported that the synthetic Indole-3-
butyricacid IBA has the capacity of forming roots which more
effective than 1AA for rooting. All the growth regulators are not
equally stable for rooting growth. However, the growth regulators
Indole Butyric acid is one of the most widely used in order to
achieve high percentage of rooting growth success for the
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ornamental species. The current investigation was carried out in
order to enhance the rooting system ability by using different
concentration of IBA ( Indole Butyric acid [7]. The main aim of
this study is to find out the best concentration of IBA for the
growth and rooting of beans plant , We aim to investigate the
mechanisms underlying the growth of lateral roots, which may
lead to the enhancement of crop agriculture, through the
production of better yields or by increasing resistance against
adverse environmental conditions such as low nitrogen, low
phosphate, and drought. This will aid in the production of food for
the growing global population.

2. Objective of Study

The main target of this study is to investigate the effect of Indole
Butyric Acid (IBA) on the growth of Vicia Faba Plant under
different concentration of salt stresses in soils.

3. Materials and Methods
An experiment was conducted in the laboratory of the Faculty of
Science, Department of Botany, University of Tobruk according to
the method described in [13] This study was carried out through
December-January months of 2021 year. The experiment was
performed to know the effect of Indole-3-Butyric acid and sodium
chloride salt on the rooting and growth of beans (Vicia faba) seeds,
and the experiment was carried out in a laboratory in plastic pots

with a diameter of 25 centimeters and a depth of 30 centimeters.
where each treatment was repeated 3 times and each pot contained
2 kg of soil after being washed well by distilled water.

to get rid of the salts in it, then dried and sterilized under the sun
for 24 hours to see the effect of soaking the seeds with Indole -3-
butyric acid IBA at a concentration of (300) ppm for 24 hours and
another soaked in distilled water. For the same period on the
germination and growth of seeds in saline media different resulting
from dissolving quantities of 99.9% NaCl in distilled water and
distilled water only (watch) (400, 900) ppm, equivalent to (9, 4, 0)
grams per liter and its efficiency in improving germination and
seedling growth characteristics under the influence of salt stress of
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beans. Measurements were taken for the seedling growth stage for
each pot containing five (5) seeds that were superficially sterilized
with 5% sodium hydrochlorate solution.

4. Results and Discussion

The results of the experimental works of four parameters were
measured the period of the investigation of effect of IBA (Indole
Butyric Acid) levels on the growth and rooting of Vicia faba plant.
This study was performed to assessment IBA levels for achieving
growth at the different concentrations; these concentrations are
4gm and 9gm at three cases R1, R2 and R3 for treated and
untreated samples. The obtained results were presented in Table
Q).

4.1. Length radical (cm)

The data regarding root length are presented in Table (1).

The results showed that the length of root is significantly affected
by IBA at the two different levels comparing with the control
sample of distilled water. The values show that maximum root
length at R1 (13.2 cm) for the treated samples at concentration (4
gm), while (4.5 cm) for untreated samples. On the other hand, R3
display different values, whereas, it was (12.4 cm) for treated
samples and (7.5 cm) for untreated samples. At the concentration
(9 gm) seams to more affected by salt stresses, whereas, the root
length was (10.9 cm) and (6.3 c¢cm) for treated and untreated
samples respectively. This is attributed to the role of indole 3
acetic acid in viciafaba plant , because it encourages the creation
of cellular enzymes. It has been proven with certainty that indole 3
acetic acid encourages the formation of enzymes, and they also
found that indole 3 acetic acid encourages the formation of
enzymes for protein, and that this causes the release of amino
tryptophan, which is the nucleus or precursor to the formation of
auxin. This auxin performs its work in the cell wall, and it is found
that it performs the action of indole 3 acetic acid in the plant and
this is in agreement with what was found by [ 11] that

Treatments at 10—7 and 10—9 M IAA tended to increase the leaf
number and leaf area compared with other IAA treatments and the
control. TAA’s primary efficiency was to stimulate the
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development of stems and roots, lateral root production, and root
elongation by extending the new cells in the meristem .

It was noticed that the concentration of IBA affecting on the root
length comparing with the control samples. Figure (1) a bar char
depicted this variation of the results, while Figure ( 2) is a radar
chart.

Tablel. Measured values of root length Length radical

Root length (cm)
Replication Treated Untreated
Distilled || Concentration | Concentration Distilled Concentration || Concentration
water (4 gm) (9 gm) water (gm4) (gm 9)
R1 4.4 13.2 6.2 54 4.5 4.2
R2 6.3 10.8 8.4 6.8 55 4.4
R3 8.4 124 10.9 7.5 7.4 6.3
Root length
14
12
'é' 10 0.5
=
£8 4
=
u . .
ol 9 3 MDistilled water
3 M Concentration {4 gm)
e 4 2 4 Concentration (9 gm)
2
D ! —l - . -k - - SN
RiTreated R1  R2Treated R2  R3Treated R3Un
Untreated Untreated treated
Investigated samples
Fig. 1 Bar chart of root length values
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Fig. 2 Radar chart of root length values

4.2. Lateral Roots Number

Also, it is obviously that the number of lateral roots have been
affected by the salty stresses. The obtained results reflect this
affecting, whereas, R1, R2 and R3 showing variable values for the
two concentration levels (4 & 9 gm) for both treated and untreated
samples. The values are (15 & 12), (16 & 10), (14 & 13) and (19 &
9), (14 & 11) and (12 & 8) respectively Table (2). This variation
more clearly depicted through bar charts in Figure (3) and radar
chart in Figure (4).

Table 2 Measured values of lateral roots number

Number of lateral roots
Replication Treated Untreated
Distilled || Concentration || Concentration Distilled Concentration | (oncentration
water (4 gm) (9 gm) water (zm 4) (gm9)
Rl 9 15 16 16 12 9
R2 12 16 14 14 10 11
R3 13 14 12 17 13 S
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Fig. 4 Radar chart for lateral roots number

4.3. Leaf Length

To recognize so far the salty stresses soil how much affecting on
the rate of plant growth, the investigation study was conducted on
the plant leaves. From the reported data it is clearly that the leaf
length also affected by salty stresses. From Table (3) we can
observed that at level two of concentration (9 gm) is lower values
comparing with the concentration (4 gm). The highest value was
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recorded at (4 gm) for treated sample of R3 (5.2 cm). On the other
hand, Figure ( 5)

display the variation between these values through the bar chart
representation and radar chart in Figure (6). However, this an
argument without results that leaf length and width were increased
at low IAA concentration (10—11 M) compared to the control.

Table 3 Measured values of leaf length

Leaf length (cm)
Replication Treated Untreated
Distilled | Concentration || Concentration Distilled Concentration || Concentration
water (4gm) (9 gm) water (gm 4) (gm 9)
R1 22 4.3 42 23 1.5 14
R2 1.9 438 4.5 22 14 1.2
R3 31 52 4.9 29 1.7 13
Leaf length
5] |
|
|
i
= 5
- ; 19
2 | 4.5
5 ¢ 42 |
] |
-_ |
w3 |
3 | Distilled water
7 i Concentration {4 gm)
| Concentration {9 gm)
|
1 | N 12 13
i
ok JI_ L L £ . -
RiTreated R1  R2Treated R2  R3Treated R3Un
Untreated Untreated treated
Investigated samples
Fig. 5 Depicts the variation of leaf length
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Fig. 6 Radar chart for leaf length

However, to make sure the affecting of salt stresses on the plant
growth, leaves wide have been measured. The obtained
measurements exhibit more or less the same behavior of leaves
lengths. Whereas, the plants more affected at high concentration (9
gm) comparing with concentration (4 gm). The highest value was
recorded at R2 (2.6 cm) for the treated sample (4 gm) as shown in
Table (4).

Table4. Measured values of leaf wide.

Leaf wide (cm)

Replication Treated Untreated
Distilled | Concentration | Concentration | Distilled | Concentration | Concentration
water (4 gm) O gm) water (gmd) (gm9)
R1 11 24 21 1.2 2.0 11
R2 14 2.6 22 13 23 12
R3 1.6 23 20 L6 22 13
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Figure (7) abar chart gives a clear view for the range of variation
between the measured data of leaves wide, whereas, Figure 8 of
radar chart emphasize this variation. In general, this reflected the
affecting of plant under variable concentration of salt stresses.

2
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Investigated samples

Fig. 7 Illustrates the variation of leaf wide

Uw

9gm (UT) 4gm (T)
—R1
==R32
= R3

4gm (UT) 9gm (T)

[pitly
Fig. 8 Radar chart for leaf wide
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5. Conclusion
From the previous study, the following conclusion can be drawn:

1. The salinity at different concentration causes clear
decreasing in the plant growth for the investigated samples.

2. The changing of measurements parameters mainly related
to the nature of soil salinity.

3. The results exhibit a wide variation of these parameters for
both treated and untreated samples.

4. Plant growth strongly affected at high concentration of salt
stresses (9 gm).

5. The increasing of salinity in the soil may be leads to the
increase of accumulation in plant tissues which affected
negatively on growth rate.
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FREEZE-THAW AND SULFATE RESISTANCE OF
GEOPOLYMER MORTAR MADE OF WASTE
MATERIAL

Abdoslam Alnkaa
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nankaa@rocketmail.com

ABSTRACT

The aim of the present experimental study is to investigate the
resistance of little cementitious value-based geopolymer mortars
subjected to sulfate resistance (3 months) and freeze-thaw cycles
(150 cycles). Waste material was used as the base material to
produce geopolymer mortar. Three types of waste material, namely
Slag (GGBFS), fly ash (FA) and glass powder (GP), all of which
can be activated with an alkali agent, were selected to study the
effect of the steam-cured (SC) and water-cured (WC) methods on
the mechanical proporties of the geopolymer mortar with a
constant concentration (12M) of sodium hydroxide. Upon the
analysis of the modulus of sodium silicate (Na>Si03/NaOH = 1)
and the different proportions amounts of geopolymer in these three
materials - GGBFS, FA, and GP — the results indicate that the
compressive strength value of all specimens was higher than the
values obtained for them once not subjected to any freeze-thaw
resistance test, except for those containing GGBS and GP. It can
be inferred that the investigated geopolymer FA materials possess
an highly acceptable freeze resistance under water-cured
conditions. In addition, all these specimens exhibit high levels of
resistance to magnesium sulfate immersion and again their
compressive strength values under WC conditions are found to be
higher than those under SC settings.

Keywords: Fly ash, Geopolymer mortar, Sodium silicate, Sodium
hydroxide, Slag, Compressive strength and flexural strength,
sulfate exposure.
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INDREDUCTION
Producing geopolymer mortar can help to decrease negative
environmental impacts in case of Portland cement (OPC). By
merely substituting this material, the amount of CO> released can
be brought down significantly. To provide an example, making 1
ton forms roughly the same amount of CO», which finds its way
into the atmosphere [1-3], not to mention the need for about

2800Kg of raw materials apart from fuel and others and the release
of another 5-10 percent of airborne dust [4].

A number of nations are signatory to the UN’s Framework
Convention on Greenhouse Gases of 1992 held in Rio. Two years
later, the Convention was made effective and accepted by 196
countries, including Turkey, with the aim to decrease greenhouse
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gas emissions and help to bring down the rate of global warming
by 2 ° C until the year 2100 [5].

For this reason , reducing CO. emission has become a need and
can be achieved by developing, for one, different cement folders —
for example, ground-granulated blast furnace slag and fly ash
which is considered very well documented and efficient in order to
make better mortar from OPC [6, 7]. A benefit of these waste
materials is that a great number of different alumina-silicate
sources are formed as industrial residues, such as fly ash, slag, etc.,
able to be activated by adding an amorphous phase (this is myt
understanding of the original vague statement. Also, numerous
activators including alkali sulfate, carbonate, hydroxide or silicate
can be utilized in this process. Alkali, in particular Na or K
silicates, are ingredients that help to create better-performing
materials [8, 9] and have significant industrial importance in the
activation process [10].

Considering other research efforts in this respect, one can see that
geopolymers ahvce so far been primarily based on fly ash class
F(FA) or ground granulated blast furnace slag (GGBFS). These
previous attempts have laso been mostly focused on geopolymer
concrete and mortars as regard the engineering properties of FA
and GGBFS based-geopolymer concrete [11-13]. Apart from this,
few defects are associated with the impact of alkaline activating
ratios (Na2SiOs / NaOH) on the mechanical properties of
geopolymer mortar [14, 15]. Yet, studies are rare as far as the
effects of different types of curing are concerned on the element of
resistance to freezing-Thawing and sulfate resistance of
geopolymer mortars.

Given this background, in the present study, class F (FA), GGBS,
and (GP) which is rich in silica and alumina are used as primary
materials for the geopolymer mortar as described in Table 3. The
motivation behind this experiment is that there has always been a
future initiative to come up with the best mortars using only 100%
industrial byproducts at low cost, power consumption, and
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environmental impact with improved engineering properties and
superior durability.

This research primarily focuses on investigating the effect of
water-cured and steam-cured techniques on the freeze-thaw and
sulfate resistance of geopolymer mortars based on FA, GGBFS,
and GP. A major challenge to producing successful geopolymer
mortars is determining the right mechanics at low temperatures.
Like Portland cement, the geopolymer interaction is more easily
achieved at ambient temperatures and, while it may be possible to
examine test samples at high temperatures under laboratory
settings, it is more difficult to do so in the site itself.

Geopolymer materials are regarded as possessing high degrees of
resistance to sulfate solutions and low temperatures in general
thanks to high freeze-thaw levels. Mortar from the materials can
stand freezing and maintain its properties. Freezing-Thawing
resistance is quite essential in the construction sector as buildings
are meant to stay the influence of varying temperatures for
extended periods of time. Reports are available on freeze work
applied to waste materials such as F-class FA and GGBFS.
According to studies, compressive strengths value of geopolymer
mortar samples after 150 freeze-thaw cycles tend to decrease by
just 30% before the freeze-thaw cycles test. [18].

Sun et al[16] reports on the durability of freeze-thaw in fly ash-
based alkali-activated mortars under normal conditions and sulfate
and hydrogen sulfate (H2SOs4) resistance of fly ash-based
geopolymer mortars cured under normal conditions. The results
are compared with OPC mortars, concluding continuous increases
in mass, dynamic modulus and compressive strength with time as
well as resistance of FA mortars to 5% Na»SOis solution being
better than that of OPC.

Thokchom et al. studied the effect of magnesium sulphate solution
on fly ash-based geopolymer mortar samples. They immersed the
samples in 10% by weight MgSO4 solution for 168 days, after
which period the samples showed very little increase in weight and
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decrease in compressive strength by about 56%[17]. The results
show that fly ash has acceptable resisting properties against
MgSOs solutions and, thus, may be used in fire-prone
constructions such as tunnels and skyscrapers.

EXPERIMENTAL WORK

Materials:

At this stage, tested mixtures were based on class F fly ash (FA),
ground granulated blast-furnace slag (GGBFS), and glass
powder(GP) and tested as to variations in the proportion of waste
material and basic alkali activator (sodium silicate-sodium
hydroxide) to improve the mechanical properties of the
geopolymer mortar.

Fly ash FA:

Most of the fly ash available worldwide is a low-calcium by-
product obtained from burning anthracite and bituminous coal. The
substance isconsidered one of the most important source materials
for geopolymer cement. In general, the value of CaO content is
less than 10%, while that of SiO2 + Al2O3 +Fe203 exceeds 70 %,
thereby creating the potential for alkali reaction. Most of the fly
ash consists of coal combustion from a heterogeneous mixture of
aluminosilicate and fused silica as well as small amounts of
crystalline materials including molybdate, quartz, hematite and
magnetite. This degree of heterogeneity means that additional care
is needed to ensure a perfect mix design and a consistent final
product. The study was conducted at the Catalagzi Thermal Power
Station in Zonguldak, Turkey. The specific gravity of the FA was
2.39g/cm? and the fineness was 6000 cm?/g.

Ground Granulated Blast-Furnace Slag (GGBFS):

Ground granulated blast furnace slag (GGBFS) is another
industrial by-product resulting from rapid water cooling of molten
steel. It is known to have beneficial properties for the concrete
industry due to being relatively inexpensive, resistance to chemical
reactions and maintaining excellent thermal properties. In general,
the value of SiO3 + Al>O3 +Fe203 exceeds 84 %. In this study, the

139 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 26 ) Tyaly gyt 300 g
S

Jemoroumal - \folume 26 jem Y LN

GGBFS was provided from the Eregli Iron—Steel Factory in Oyak,
Turkey, with a specific gravity (S.G) of 2.81 g/cm3 and a fineness
of 4250. The chemical composition is shown in Table 1.

Glass Powder (GP).

The glass powder is grounded using a Los Angles machine and to
produce finer ash, further grounded with a small mill. The mean
diameter of particle size is about 13 um with a specific gravity of
2.56 g/cm3 and the fineness of 5320 cm?/g.

Table 1. Chemical composition of GGBFS, GP and FA (%)

Oxide SiOz2 | Al203 | Fe203 | CaO | MgO | SO3 | K20 | Na20

GGBFS | 36.7 | 5.20 0.98 32.61 | 10.12 | 099 | 0.76 | 0.42

FA 6181 | 954 [7.01 1.77 | 256 [031 [ 099 |243
GP 7266 | 1.57 | 0.39 1141 | 124 [0.07 [ 054 | 12.89
Standard Aggregate:

The aggregate used in the study was standard and in accordance
with the TS EN196-1. The sieve analysis is given in Table 2.

Table 2. Sieve analysis

Sieve Size (mm) Remaining cumulative (%)
2,0 0
1.6 715
1 3345
0.5 67+5
0.16 8745
0.08 99+1

Alkali Activator:

The alkaline activator used in this experiment was a combination
of sodium silicate and sodium hydroxide solution. Also, the
activator from the sodium silicate solution (Na;O = 11%, SiO; =
31% and water = 57% by mass) and the sodium hydroxide (NaOH)
solution was prepared by dissolving small, compressed mass of
sodium hydroxide in water with a concentration of 12M.
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Preparation of Specimen Mixtures:

Blended slag, glass powder and fly ash alkali-activated mortars are
the subject of tests in this study, where we used standard
aggregate, GGBFS, GP, FA, water, NaOH, and Na,SiOz so as to
achieve conformity with the TS-EN196-1 standards [18]. The
water-to-binder ratio (W/B) is a well-known factor that affects
mortar properties. Thus, a constant value of 0.33 was adopted for
this factor again in accordance with TS-EN196-1[18]. Sodium
Metasilicate/ binder ratio[S/B] is 0.4 and also standard
aggregate/binder ratio [A/B] is 1.23. The mortars were cured at
different temperatures and under two different conditions: In the
first water-cured (WC) series the specimens were placed into a
water tank and curing remained to the age of test. The temperature
of water curing was kept at the range of 20 + 2°C. This method is
similar to that used for curing Portland. In the second steam cured
(SC) series, steam water curing took place at 85 °C for 12h,
followed by standard curing at 20 £ 3 °C until testing. The design
of the mixtures was simplified by replacing 5% GGBFS (by
weight) with FA and GP in order to reach an optimum ratio for
each curing condition. The ingredients of the mortar mixtures are
given in Table 3[19].

Table 3. Mortar mixture ingredients

specimens | GGBFS FA GP
NO % % %
SO 100 0 0
S1 90 0 10
S2 85 0 15
S8 90 10
S12 85 15
S15 70 15 15

Testing:

Freezing-thawing and sulfate resistance of geopolymer mortar
specimens were investigated in terms of visual appearance, weight
loss, and loss of compressive strength.

141 Copyright © ISTJ i gina aoball (3 8a
A g glall 4 gal) Alaall



International Science and 26 ‘“’J‘ gl y plall Ay Aped

Technology Journal | it e et ey )-(
2,80 g o gl A0 gl Alaal Volume 26 STJ/\

Freezing-Thawing Resistance:

Freezing-thawing of slag, fly ash and glass powder-based
geopolymer mortars were carried out to determine weight loss,
compressive strength, and ultrasonic. Freeze-thaw resistance was
tested on the 40*40*160 mm specimens after 90 days with two
types of curing. In this test, the mortar specimens were put in
freezer at -20°C for 4h for freezing and in water at room
temperature for 4 h for the thawing period. The freezing-thawing
test cycle was repeated for 150 cycles and then a compressive
strength test was conducted. Also, the same specimens from each
type of the mixture were kept at the same curing condition during
the freezing-thawing test of the other specimens and all mortar
specimens were tested at the same age. Before starting to test the
specimens for the freeze and thaw cycles, they are weighed and
then measured by ultrasonics. The Freeze-thaw specimens after
these tests are shown in Figures 1 and 2.

Figure 37eght loss results after freeze-thaw test with 150 cycles for
WC.
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150 cvcles

Figure 2. Geopolymer Mortar after 150 cycles for SC.

The freeze resistance of the geopolymer mortar specimens with
steam curing were investigated using 150 freezing and thaw
cycles. As per Figure 2, the mass of the samples did not change —
that is, no disintegration occurred - during the freeze and Thaw
cycles testing. The values of the compressive strength of samples
were smaller after freeze-thawing cycles as compared with those
obtained for the samples after 90 days. No damage or deformation
could be detected after 150 cycles. The strength of the samples
after 150 Freeze-Thaw cycles is lost between 4% to 27% of that
determined after the same period of time (Figures 6). Also, except
for SC8, SC12 the strength of these samples after 150 freezing
cycles increased to about 13 percent of that determined after the
same period of time. It is evident from the results obtained that the
investigated geopolymer FA materials possess a very high level of
freeze resistance. From Figure 6, it can be observed that the weight
losses are ranged from 0.29% to 3.19%.
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The freeze resistance values of geopolymer mortar specimens with
WC were investigated using 150 freezing and thaw cycles. The
mass of the specimens (WCO0, WC1, and WC2) was changed and
surface disintegration occurred. That is, this effect can actually be
seen in the figure 1. The weight losses were 6.44%, 11.75%, and
7.52% for WCO0, WC1, WC2, respectively where does this fig 3
belong. The losses of the compressive strength of specimens were
52%, 42% after freeze-thawing cycles as compared with the values
obtained for the samples after 90 days for WC1, WC2, respectively
(see Fig 4). No damage or deformation could be detected after 150
cycles for other specimens WC8 to WC15. The strength of this
sample after 150 freezing cycles increased to range from 13% to
18% of that determined after the same period of time, and the
maximum compressive strength was 92.1 MPa at WC8. It is
evident from the results obtained that the investigated geopolymer
FA materials possess a very high and promising level of freeze
resistance.

specmens type
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Figure 3Weight loss results after freeze-thaw test with 150 cycles for
WC.
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Figure 4. Compressive strength loss results after freeze-thaw test with
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Figure 5. Weight loss results after freeze-thaw test with 150 cycles for
SC.
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Figure 6.

Compressive strength loss results after freeze-thaw test
with 150 cycles for SC.

Ultrasonic pulse velocity test:
Ultrasonic pulse velocity (UPV) was used to measure the travel
time (t) of an ultrasonic pulse passing through the geopolymer
specimen length (L). The electronic timing device determines the
interval between the onset and reception of the pulse electronically
in ps. The sample length between transducer divided by the travel
time of gives the average velocity (v) of wave propagation. The
results of the geopolymer specimens UPV measurements are given
in Table 6.

Table 6. Results of ultrasonic pulse velocity (UPV) for 150 cycles
under (SC) and (WC).

specimens comp.str. | specimens
No avg. velocity Mpa No avg. velocity |comp.str. Mpa
after testing | after 150 cycle after testing | after 150 cycle
SCO 2.609 42.84 wCo 2792 59.8
SC1 2421 304 WwcC1 2.46 578
SC2 2.087 30 w2 247 56.7
SC8 3.481 92.15 WS8 3.385 753
SC12 3.089 878 WC12 3.387 76.3
SC15 3.108 82.6 WC15 2.595 60
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Accordingly, WC achieved the highest values followed by SC
which has a higher slag/fly ash+ glass powder ratio). All of the
steam-cured geopolymer mortar mixes observed lower ultrasonic
pulse velocities than those water-cured, even with the same or
higher compressive strength. The results indicate that an increased
velocity corresponds to the same compressive strength.

In this section, the UPV values against compressive strength are
plotted in Figures 7 and 8. The relationship between pulse velocity,
V (km/sec), and compressive strength after the Freeze-Thaw test
(MPa) fitted equations as follows:

For WC: fc=54.723V - 92.186 R?=0.908 (4.2)

For SC: fc =20.341V+ 6.3819 R%=0.9628 (4.3)

The equations obtained reveal acceptable correlation values in both
cases of geopolymer (SC, WC) and UPV in the geopolymer
mortar. Therefore, the UPV technique can be successfully used for
the estimation of the compressive strength of the geopolymer
mortar mixes made with alkali-activated GGBFS, FA, and GP.

90
80
70
60 —F’/
50
40
30
20
10
0 . . .
2 2.5 3 35

velocity Km/s

y =20.341x +6.3819

__R®=0.9628

Compressive strength MPa

Figure 7. Relationship between Compressive Strength and Ultrasonic
Pulse Velocity after Freeze-Thaw test with 150 cycles under SC.
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Figure 8. Relationship between Compressive Strength and Ultrasonic
Pulse Velocity after Freeze-Thaw test with 150 cycles under WC

Sulfate Resistance:
After de-moulding, the samples were mixed according to the same
proportion ingredients stated earlier and using the two different
curing conditions. Then, the specimens were immersed in a
solution consisting of 10% MgS0s4+ by weight of water for 3
months. The containers were left in a room controlled at 20°C until
testing. The solutions in containers were replaced every month.
Before subjecting the specimens to the MgS04 solution, they are
weighed. The specimens after end immersion in MgS0s solution
are seen in Figures 9.

Table 7. Results of weight losses and compressive strength After 90
days Exposure to MgSO. for WC.

specimen losses Wi, 94 compr. compressive
s No 70 strength stre. losses in
compressive
3 month after test at 90 days %

WCO0 0.40 77.9 76.30 2.05
WC1 -0.20 71.1 74.20 -4.36
WC2 2.50 58.5 67.06 -14.64
WCS8 0.90 65.75 65.00 1.14
WC12 -0.10 735 66.23 9.90
WC15 1.40 51.6 72.92 -41.31
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Table 8. Results of weight losses and compressive strength 90 days
Exposure to MgSO4 for SC.

specimens | losses wt. compr. Compressive
No % strength stre. losses in
3 month after test at 90 days | compressive%
SCO 2.72 56.3 42,71 24.14
SC1 1.16 61.45 46.20 24.82
SC2 0.79 54 42.77 20.80
sSCs8 1.14 83 78.15 5.84
SC12 0.38 77.5 75.87 2.11
SC15 -0.38 84.8 67.42 20.50

Figure 9. Geopolymer Mortar After 90 days of Exposure to MgSO, for
SC and WC.

Figure 10. Geopolymer Mortar After 90 days of Exposure to MgSO4 for
WC.
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Figure 11. Weight loss After 90 days of Exposure to MgSO, for SC
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Figure 12. Compressive strength loss after 90 days of Exposure to

MgSO4 for SC.
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Figure 13. Weight loss after 90 days of Exposure to MgSO4 for WC.
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Figure 14. Compressive strength loss after 90 days of Exposure to
MgSO, for WC.

According to visual observations steam-cured, fly ash class F,
GGBFS, and GP-based geopolymer mortar exhibits high resistance
to magnesium sulfate immersion. Slag/fly ash specimens exposed
to MgSiO4 for up to six months showed no visual signs of surface
deterioration, cracking or spalling (see Fig 9). Also, compressive
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strength values increased up to 10% those obtained after
immersion (you mean in up to 10% of the specimens after
immersion). Moreover, weight losses remained nearly equivalent
to those obtained prior to immersion, measuring less than 0.1
percent and exceeding 0.9% from initial geometry, as can be seen
in Figure 11. Also, geopolymer mortar based on slag/glass powder
specimens, showed no visual signs of surface deterioration,
cracking or spalling, as Figure 9 depicts. Compressive strength
losses decreased up to 10% those obtained after immersion.
Moreover, weight loss remained nearly equivalent prior to
immersion, measuring less than 0.2 percent and exceeding than
2.5%, as can be seen from the initial geometry in Figure 12;
whereas, in WC15 the weight was increased by 1.4% and the
compressive strength was decreased by 41%.

Figure 10 shows the compressive strength development of the
various hardened geopolymer mortar with different percentage of
glass powder content under WC conditions. From the figure, it is
observed that the glass powder (GP) has a significant influence on
compressive strength, which increases with GP content up to 10%.
Beyond this percentage, the compressive strength begins to
decrease. The 90-day compressive strength obtained for water-
cured geopolymer mortar was 61MPa, and for 15% content of
glass powder the compressive strength was 54MPa. The decrease
in strength was 10.7%. Though, when compared to compressive
strength at 90 days without immersion in sulfate the values stood
at 24.8%, which is 20.8% bigger than 90 days compressive
strength. In this way, the increase in glass powder content is shown
to have a significant effect on the weight of geopolymer mortar.
The weight of the specimen decreases under WC conditions with
the increase in the quantity of GP, whereas it increases under SC
conditions with the increase in the proportion of GP.

CONCLUSION

In this experimental study, we investigated sulfate and freeze-thaw
resistance of geopolymer mortars using FA, GGBS, and GP. Based
on the test results, the following conclusions can be reached:
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e Water-curing is better than steam-curing for slag and fly
ash-based geopolymer mortar.

e No visual signs of surface deterioration, cracking, spalling,
disintegration, or deformation could be detected after 150
of freeze-thaw cycles for specimens under steam-cured
conditions.

e The effect of freeze and thaw test on the weight loss of
GGBFS and GP-based geopolymer mortar is larger than
that on the weight loss of GGBS- and FA-based
geopolymer mortars.

e The GGBS- and FA- based geopolymer mortar is important
for water-cured, it’s showed greater compressive strength
in comparison and after freeze-thaw test.

e The minimum compressive strength was obtained in the
GGBFS and GP -based geopolymer mortar under water-
cured settings.

e The GGBFS and GP -based geopolymer mortar lost the
most compressive strength in comparison to the other
specimens.

e Flyash class F, GGBFS, and GP-based geopolymer mortar
exhibits high resistance to magnesium sulfate immersion.

e Sulfate resistance in geopolymer mortars has an effect on
the weight and compressive strengths of the specimens
subjected to water-curing.

e Pulse velocity techniques can be successfully used to
estimate the compressive strength of the geopolymer
mortar mixes made with alkali-activated.
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1-  ABSTRACT

In this work, the effects of different post processing techniques
on surface texture improvement of additive manufactured parts
made by Selective Laser Melting powder bed. In this investigation
Renishaw’s SLM 125 was employed to produce 3D parts by using
stainless steel 316L, at Manufacturing Technology Centre (MTC)
Coventry (UK). SLM is techniques capable to produce fully dense
functional 3D models direct from CAD data, similar with those
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made with traditional methods. On the other, hand the major
drawback is that the parts have granular poor surface finish, which
ranges from 10 to 45 um due to machine adjustment parameters.
The aim of this work is to compare surface finish improvement of
SLM parts several post processing methods have been applied
using Stainless Steel 316L. All techniques showed good
improvement of surface finish with some drawback on surface
texture as showed in followed results.
Keywords, selective laser melting, surface roughness, pot

processing

2-  Introduction.

Additive manufacturing is an overall term that is used to
describe all the technologies that are used to manufacture parts by
addition of material in layer by layer to obtain the final model,
enhanced by using three dimension cad model (CAD) date, as
opposed to the traditional subtractive methods or processes that
involved the removal of material according [1].

AM techniques have a challenge of producing parts with a
stepped surface finish and many researchers have identified this
problem since the existence of this technology. Metal power bed
methods such as SLS and SLM are suffering from a granular poor
surface finish because of powder particle size, layer thickness,
laser power etc..[2].

Figure.l.shows the effect of angle on surface finish
characterizations, Results show that increase angle lade to decries
surface finish, many researchers have proved that; surface
roughens improvement using in process techniques under the
influence and knowledge of the machine parameters.

-~

Figure 1: Showing oc;f surfa'cg‘finish
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Some of the most important variables that can adjusted include
using fine powder, thin layers, laser energy, incorporating hatch
spacing, building period of parts, part orientation and scan spacing
ets. Figure (2) illustrates the basic parameters during additive
manufacture [3] [4].

3 Beam speed Beam offset /Laver boundary
L]
. /

______ S S ¥
Contour lines / /i 7 /, // p Hatch

¢ ¥ spacing
Hatch lines > 7/ f

Layer
thickness

Heated powder bed|

Sintered layer

Figure 2: Showing in process parameters

Over the previous years, several approaches have been put in
place in order to improve the surface finish of layer manufactured
components companies such as Best in class, Extrude hone, Taylor
Hobson, Keyence, Renishaw Plc etc.

Several surface modifications methods from other companies
are being implemented to solve this problem such as re-melting,
shot peening, hand polishing, laser ablation, sandblasting,
machining, chemical, thermal processes etc. while, the cost price
of components manufactured are increasing due to the post
processing techniques[2][5] [6]

2.1- Surface finish characterisation and improvement on
Layer manufactured Parts

Surface roughness measurement has been described as one of the
most significant area of study in engineering scope and layer
manufacturing parts. Thus, a number of surface measurement
methods and equipment have been entered in this field for period
of time to be more precise. The worth mentioned in this case there
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are two way of describe surface data, which namely respectively
two dimensions and three dimension surface measurement [7].

Nowadays, three dimensional is being more preferred because it
is illustrated more data to describe surface characterizations. The
equipment’s for characterization are available in wide range of
versions such as in laboratories and some of them are also
portable, to be used in the field.

Therefore, there are two techniques currently have been used to
measure characterization of surface roughness such as:[8]

. Contact (stylus profiling)

o Non-contact (optical)

Gnarly, surfaces are normally composed of the following
features as you showing in figure below. In hence, some are flat,
some may be afflicted with waviness, some may vary from fine to
coarse, some may be perfectly smooth etc.[9] [10].

Figure (3) shows surface texture connected with additive
manufacture technique. Generally there are two methods that are
currently being used to improve the surface finish of layer
manufactured parts, which respectively namely in process
techniques and post processing methods.

*‘ ’% Roughness Width [z in.)

i
Roughness Height { ;:in.) / Waviness Height

Lay
{Direction of Finish Patternj}

Figure 3: surface characteristics [11]

Most of the parts manufactured by SLM improved by using a
variety of surface modifications methods available on the market
today, several mechanical post processing have been completed, in
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order to improve surface finish of SLM Stainless Steel 316L parts
and its influence’s on surface textures[3][12][13].

3. . Experimental work Plan
The work was carried out according to the scheme shown in the
following below (Figure.4)

1- Design of the benchmark

v

2- Printing of the part

v

3- Surface characterisation

Figure 4: Experimental methodology flowchart

3.1- The Benchmark design and manufacture procedure.
The samples were made on the Renishaw SLM125. The
experiment was carried out by setting up the machine and
implementing the optimal parameters as in the following table(
table.1).

Table 1: Selected process parameters

Laser layer Exposure Point Distance
power thickness
200W 50um 50us 75mm

Stainless steel powder was used to build the samples, with
different geometry surfaces and four identical samples were built
using SS 316L to complete this investigation.

The benchmark below was designed in to characterize surface

roughness in different surfaces such as top surface, interior
surfaces, round; sloping plane etc., then will be used for post
processing methods as shown in figure .5, and figure.6.
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Figure 5: Benchmark model with different views

S4

Figure 6: Separated samples from the substrate
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All the benchmarks were made and removed carefully from the
substrate using the band saw machine.

3.2- Surface Roughness and Characterization
After separating the models from the substrate, the surface finish
was analysed using contact profilometer , as shown in figure (7).

Figure 7: Surface measuring — contact method

4.- Results and Discussion

This section shows analysis of the manufactured benchmark
using 3D digital microscope form Talysurf instrument and
accuracy using a Vernier caliper. (Figure 8 below)
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Figure 8: 2D micrographs showing balling on thin sections, on cones,
holes etc.
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Figure 8 shows geometrical features of the benchmark (A)
internal surfaces are filled with balling and discolouration, (B) is a
3D view of the hole showing agglomeration and balling, (C) —
cone with porosity around the surface, (D) thin walls with
balling,(E) — top surface holes with bad edges on different
diameters and (F) angle planes with stair effect.

After building the benchmark, analyses and measured of
defects on every feature wear been completed as showed in the
below table.

Table 2: Results on manufactured sample.

Geometry Accuracy | Ra Rv Rq Rp Defects
Balling,
150 98% 25.6 | 83.9 32.7 | 1043 | porosity
plane
Balling,
30° 100% 214 | 553 66.6 | 66.6 | Porosity
plane
450 Balling,
plane 100% 219 | 581 26.4 | 939 | sharp
edges
Top Balling,
surface 100% 265 | 774 33 101 Over
melting
: Balling,
Round ' 100% 183 | 63.2 24.1 | 76.5 | Porosity
Surface
Side 99% 17 529 21.2 | 63.8 | Porosity
Walls
Internal Powder
Surface 98% sticking
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As can be seen the blue area indicates that no surface
characterisation was done when using contact instrument
because it was too big to fit into internal surfaces.

5. Selection of the Post Processing Methods
There are several post processing techniques available on the

market today and been one of the important steps required in SLM
parts. The following methods in Figure 9 were selected to improve
the surface texture of benchmarks because of the geometry and
feature complicated of parts.

The criteria of methods are to improve the surface texture within
a low cost and short time.
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Selection of post processing methods

v v v v

Grit blasting Vapour blasting Shot blasting  Electro polishing

Analysis of Results and comparison of processes

Figure 9: Experimental methodology overview flowchart 2

5.1. Grit Blasting Process
This method used an abrasive high pressure in order to smooth
the surface. The method has some drawbacks due its can destroy
small features such as sharp corners and small surface. The part
below was processed by Blast master machine and the process
took about ten minutes.
Figure10 shows a comparison of the benchmarks before and after

the process. It shows that the surface has improved but there are

some destruction on thin section and plane.

A B

Figure 10: A before and B after grit blasting.
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5.2. Vapour Blasting Process
The technique uses water and glass bead media to polish the
surface. Gyson blast cleaner machine was used to polish the part
and the process only took approximately ten minutes.
Figure 11 shows a comparison of the two benchmarks before
and after the process and B shows that the benchmark is well
polished but there is deformation on plate cones

Figure 11: A before and B after vapour blasting

5.3. Shot Blasting Process
The benchmark was post processed at Newtech Powder

Coaters using pressure pot shot blasting machine. The model was
ATO 101015 (G, E) and the process took approximately ten
minutes. Steel shots were used as media for blasting.

Figure 12 shows a comparison of the benchmark before and after
the process and B shows some deformation on thin section due to
high pressure exerted during the process

Figure 12: A before and B after shot blasting
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5.4 Electro Polishing.

The benchmark was post processed using ionic liquid for ten
minutes, then rinsed in water and finally in HCL to remove surface
oxide.

After that it was dipped in ionic liquid for electro polishing for
twenty minutes.

Figure 13 shows a comparison of the two benchmarks before and
after electro polishing. B shows that the benchmark is well
polished and a shiny texture. There is no deformation.

Figure 13: Before electro polishing.

6. Surface Characterization, Results and Discussions

This section displays surface roughness results measured on the
processed benchmarks from four different methods. Tables,
graphs and micrographs below shows the results of amplitude
parameters measured using the Form Talysurf PGI instruments.
All these amplitude parameters are based on overall height.

6.1. Shot Blasting Process.
Table3 shows several surface parameters measured on vertical
characteristics of the surface deviations at 5*2.5mm cut-offs. The
table shows parameters Ry, Ry, Rp Rz on the shot blasted
benchmark measured. It shows the maximum depth and maximum
height below and above the mean line within the same sampling
span
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Amplitude Parameters measured on shot blasted benchmark
Table 3: Amplitude of parameters measured after shot blastin

. Top Round Side 15° 30° 45° Cone/surfa
surface surface Walls plane plane plane ce
11.228 9.845 6.260 12.36 11.61 8.228 7.362
31.360 31.727 22.114 3451.42 3171.63 25.103 26.163
37.864 28.713 22.470 3?1.14 43.03 23.904 25.343
. 93.865 98.435 66.162 9?).62 1?:2.7 68.103 51.506
69.225 60.441 44584 6;56 7199.66 49.008 51.506
I 24.14 21.86 26.89 22.68 23.27 25.10 23.08
. 14.432 13.209 8.161 1?.19 11.02 10.482 9.137

6.2 Vapour Blasting Process

Table 4 shows several amplitude parameters measured on the
benchmark on different surfaces from vapour blasting process.
Side walls shows an average roughness of 3.9um compared to 30°
with 109

Amplitude Parameters measured on vapour blasted benchmark
Table 4: Amplitude of parameters measured after shot blasting

Top Round Side 15° 30° 45° Cone
surface surface Walls plane plane plane /surfa
ce

9.815 5.246 3.907 12.17 10.94 6.888 4.388
1 5

28.670 13.919 11.04 29.36 29.29 15.77 11.02
5 9 0

23.707 12.662 11.27 32.82 29.53 19.756 14.408
4 3 6

72.628 41.785 33.77 81.66 109.9 60.444 25.429
4 4 87

52.178 26.582 22.32 62.19 58.82 35.348 25.429
0 2 7

7.72 5.56 7.36 12.73 9.63 7.73 13.01

12.662 6.536 4.899 14.73 15.04 8.937 5.422
2 5
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6.3. Grit Blasting Process

Table 5 shows all the surface parameters measured on all the
surfaces of the benchmark as indicated on the table above after
grid blasting process.

Amplitude Parameters measured on grit blasting benchmark

Table 5: Amplitude of parameters measured after grit blasting

Top Round Side 15° plane 30° plane 450

surface surface Walls plane

g‘ 8.829 7.810 5.508 7.559 7.169 7.565
-‘ 26.496 23.421 16.814 24.035 22.329 24.832
g‘ 25.091 27.390 17.993 9.361 28.826 27.483
-” 59.240 86..461 50.150 55.513 69.522 83.467
-” 51.587 50.812 34.807 47.964 51.156 52.315
-” 24.36 20.57 18.43 24.25 2457 23.39
-” 10.851 10.237 6.999 9.361 9.210 9.992

6.4 Electro Polishing Process
Table 6 shows a collection of surface results on the benchmark

after post processing and the minimum Ra is found on the side
wall surface 5.9 um as compared to the top surface with 16.5um.
This shows that electro polishing does not subtract a lot of
materials compared to other methods used

Amplitude Parameters measured on electro polishing benchmark

Table 6: Amplitude of parameters measured after electro polishing.

Top Round Side 15° 30° 45° Cone/surfa
surface surface Walls plane plane plane ce
-H 16.588 9.965 5.907 17.91 9.231 8.406 5.909
5
.H 46.958 31.413 11.04 45.72 24659 26.91 26.931
5 3 2
72.184 40.400 11.27 71.35 31.870 22.27 14.258
4 6 7
160.29 176.16 33.77 155.4 97.712 85.62 41.190
3 3 4 3 4
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119.14 71.813 2232 117.0 56.529 49.18 41.190
2 0 7 9
19.78 15.93 7.36 24.49 1158 9.29 8.14
.‘ 22535 14.326 4.899 24.17 11.865 10.74 7.706
5 8

6.5 Comparison of Surface Topology
As can be seen on the micrographs below, Figure. shows that

all the blasting methods subtract a substantial amount of material
as compared to electro polishing technique. From the results found
electro polishing is not suitable for polishing SLM metal powder

parts.

%

&

Grid Blasting
Electro Polishing

Figure 14: Surface morphology of the top surface area.
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From all the post processing methods carried out, they are all
very effective in surface finishing of SLM parts and the Table 7
below summarizes some of the data collected.

Table 7: Comparison table of post processing methods

.Comparison table of the post processing methods used

Processes Ra Accuracy Defects Time —
(minutes)
Shot blasting Good Poor Yes 5-10
Grit/bead Good Poor Yes 5-10
blasting
Vapour Better Good Yes 10-15
polishing
Electro Good Good No 10-20
polishing

Figure 15 shows a radar or spider chart used to compare the post
processing methods used since they are different. Percentages are
shown in Table 8

Table 8: Table of comparison post processing in percentages

Process Ra% Accuracy Defects % Time Rt % Rz
% % %

Shot 70 80 80 80 40 65
blasting

Grid 75 70 60 80 80 90
blasting

Vapour 80 90 95 70 60 80
blasting

Electro 65 95 95 60 30 50
polishing
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Radar Chart
Ra
100
80
Rz Accuracy
0
0
Rt Defect
== Shot blsting el
= Grid blasting
Vapour blasting Time
== E|ectro polishing

Figure 15: Radar chart

7. Conclusion

The aim of this work was researching on how to improve the
surface finish of SLM metal powder parts.

Four benchmark models were built on SLM 125 machine using
layer by layer method and they were all post processed
successfully. It is concluded that average roughness (Ra) has been
improved by the different mention methods. Ra has been reduced
on side walls from 17 - 3.9um by vapour blasting process and
followed by grit blasting with 5.5um. All the results were carefully
analysed and presented in the form of figures, tables and graphs.
Some of the methods also need to consider the geometry of the
part e.g. complex shapes are very difficult to machine but
processes like sand blasting and electro polishing are preferred. On
the other hands, Electro polishing method is not very effective in
internal surfaces because from the results obtained internal
surfaces were still very rough and other techniques have their own
advantages and limitations as well.
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Although, Post processing is a very important technique to
(SLM) parts because it will improve the functionality of the
components span. Some of the methods are too harsh because they
destroy thin sections and small features.

References

[1] D. Thomas, “The Development of Design Rules for Selective
Laser Melting,” University of Wales. Cardiff Institute, 2009.

[2] V. Alfieri, P. Argenio, F. Caiazzo, and V. Sergi,
“Reduction of surface roughness by means of laser processing
over additive manufacturing metal parts,” Materials (Basel).,
vol. 10, no. 1, pp. 1-11, 2017, doi: 10.3390/ma10010030.

[3] D. a Hollander et al., “Structural, mechanical and in vitro
characterization of individually structured Ti-6Al-4V
produced by direct laser forming.,” Biomaterials, vol. 27, no.
7, pp. 955-963, Mar. 2006, doi:
10.1016/j.biomaterials.2005.07.041.

[4] J. Kranz, D. Herzog, and C. Emmelmann, “Design
guidelines for laser additive manufacturing of lightweight
structures in TiAl6V4,” J. Laser Appl., vol. 27, no. S1, p.
S14001, Feb. 2015, doi: 10.2351/1.4885235.

[5] B. Sagbas, “Post-Processing Effects on Surface Properties of
Direct Metal Laser Sintered AlSil0OMg Parts,” Met. Mater.
Int., vol. 26, no. 1, pp. 143-153, Jan. 2020, doi:
10.1007/s12540-019-00375-3.

[6] E. Brandl, U. Heckenberger, V. Holzinger, and D.
Buchbinder, “Additive manufactured AISi10Mg samples
using Selective Laser Melting (SLM): Microstructure, high
cycle fatigue, and fracture behavior,” Mater. Des., vol. 34, pp.
159-169, Feb. 2012, doi: 10.1016/j.matdes.2011.07.067.

[7] B. T. Chi, T. Ballinger, R. Olds, and M. Zecchino, “Surface
Texture Analysis Using Dektak Stylus Profilers.”

[8] C. Sanz, V. G. Navas, O. Gonzalo, and G. Vansteenkiste,

174 Copyright © ISTJ il sine ol (358
A g glall 4 gal) Alaall



26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

“Study of surface integrity of rapid manufacturing parts after
different thermal and finishing treatments,” Procedia Eng.,
vol. 19, pp. 294-299, Jan. 2011, doi:
10.1016/j.proeng.2011.11.115.

[O1 Y. Sun, A. Moroz, and K. Alrbaey, “Sliding wear
characteristics and corrosion behaviour of selective laser
melted 316L stainless steel,” J. Mater. Eng. Perform., vol. 23,
no. 2, 2014, doi: 10.1007/s11665-013-0784-8.

[10] K. Alrbaey, D. Wimpenny, R. Tosi, W. Manning, and A.
Moroz, “On optimization of surface roughness of selective
laser melted stainless steel parts: A statistical study,” J. Mater.
Eng. Perform., vol. 23, no. 6, pp. 2139-2148, 2014, doi:
10.1007/s11665-014-0993-9.

[11] P. M. Lonardo and a. a. Bruzzone, “Measurement and
Topography Characterisation of Surfaces Produced by
Selective Laser Sintering,” CIRP Ann. - Manuf. Technol., vol.
49, no. 1, pp. 427-430, Jan. 2000, doi: 10.1016/S0007-
8506(07)62981-3.

[12] O. Piiroinen, “Improving surface quality in vacuum infused
parts of composite laminates produced using vacuum,” no.
March, pp. 26-29, 2008.

[13] K. Alrbaey, D. I. Wimpenny, A. A. Al-Barzinjy, and A.
Moroz, “Electropolishing of Re-melted SLM Stainless Steel
316L Parts Using Deep Eutectic Solvents: 3 x 3 Full Factorial
Design,” J. Mater. Eng. Perform., vol. 25, no. 7, pp. 2836—
2846, Jul. 2016, doi: 10.1007/s11665-016-2140-2.

175 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Wb Aoyt Volume 26 STJ%
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Abstract

The main purpose of this study was to investigate whether or not a
water treatment by magnetic field could change the physical
properties of water as reported in some scientific literature, the
properties which were studied such as density, electrical
conductivity, total dissolved solids, pH value, and NacCl
concentration. The water sample which tested in this study was
well water, the magnetically treatment of well water samples was
by two types of magnets; first type was electromagnet of low fixed
intensity (900 G=90mT), where the water samples were exposed to
this magnetic field at various times (5, 10, 15, 20, 25, 30) min. The
second type was permanent magnet, the exposing time to
permanent magnetic field was 7 days.

It was found that these examined physical properties of well water
samples were changed following the magnetic treatment, the
changes depend on the magnetization conditions, and the magnetic
field causes changing in the electrical conductivity due to the
ability to dissolve and dissociate salts; influence on solubility of
salts was remarkable. As well as a positive effect on the pH value,
the water samples become less acidic.

The results of this study suggested that the magnetic treatment
improve quality of water, therefore, the magnetization process
submits improvements on water applications in several areas such
as industry, agriculture and medicine.

Keywords: Permanent magnetic field; Electromagnetic field;
Electrical conductivity; Total dissolved salts; pH.
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Abbreviations: MF: Magnetic field, PMF: Permanent magnetic
field, EMF: Electromagnetic field, EC: Electrical conductivity,
TDS: Total dissolved salts, T: Tesla, G: Gauss.

AuadiAl)
resbalinall Jaalls sbiall dallan of (he R 58 duball 838 (o caniifl) Caagl
Eladly clahall (me ad) cylal LS eldl LaLyall Galdll e o (Ko
g 1Al LS ~ STy (Al el dobin sally AESI Ay o Cum cAsalal)
e cupnl Al uall ol b asiageall 2yl 5 dady g yugll

i sle g Audpal
ahlines € Jlae Js¥) gl cpablinal Jadll e Gue st dainad) Llee Casy
Jaall Gliall cumje (S o 90 = (ugls 900) Labdine aiad 43
S gsill (dids (30 25 <20 ¢15 (10 5) ddide dia)l B oelalinag Sl
A 7 sl Jladl 13g) @iliml) Cumje Cus @iy whline Jlae dlaad) e

Jilialgie
2y ol cilipel 5L Galpdll s Laagd lgle Jeaniall a3l (DUA o
Jad) a3 cidaid) Cigyl Ao adiad cilyusl) 038 olg ¢ Lsilaling Lgiallas
3 (gSKitig ZOLY) &) o 45)0 Cuan 3ilyeSl Adiasall yuat & anlalina)
sle Yl ol ) ALYl dsale 2O g e el 6 o
Apasls G il Luphline Lalled) olallé ¢ g pagl (oY)
g Gt o Jend elall Lppdalina) Aadbedd) of duball sde gl gl
V) e daell g slball gl e Sl a0 ddatiall Lkee o8 Sl
.kl dely3llg deliall Jie

1. Introduction
Water is classified as a diamagnetic substance. A water molecule

iIs composed of an oxygen atom and two hydrogen atoms, with the
chemical formula H20, they are bonded by covalent bond, via a
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shared pair of electrons, as an isosceles triangle with its upper
angle of 104.45°, figurel shows a molecule of normal water, this is
because the oxygen atom, carries two pairs of unshared electrons
[1], where the oxygen is slightly negative, whereas the hydrogen is
slightly positive. This structure of water molecule will have similar
qualities of a magnetic dipole. Due to that, water molecules will
attract each other in the opposite end, by a hydrogen bond, this
bond allows the water molecules to form a group of water
molecules (clusters), as seen in figure2. The hydrogen bonds
between water molecules give water four features; it is denser in
liquid state than solid state, it has cohesion and a high boiling
point, it has a good solubility [2].

~-Hydrogen bonds (,

A H
& ?oés ?
&V" R

Figure 2. Structural group of water molecules
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When water is exposed to MF, magnetization can affect the two
forces that control the water structure, chemical hydrogen bond
and Van der Waal’s forces, where magnetization can break
hydrogen bonds between water clusters, and the water molecules
will arrange in one direction as illustrated in figure3, this mode of
arrangement causes reducing the bond angle from 104.45° to 103°,
leading to decrease in the consolidation degree between water
molecules, also decrease in clusters sizes by converted into single
molecules or smaller ones, that is why the magnetic water
viscosity is less than ordinary water viscosity. These changes in
water molecules composite cause changes in some physical and
chemical properties [1-5].

Hyd m,c;l bonds

/1 y, // ,,,,,, o /;__;_i! ’ 8
\1/ \/ \” \”

¢ Posthe

Figure 3. Water molecule under effect of MF

Magnetic water does not mean that it has a magnetic force that can
attract things. It's water different from ordinary water in its
properties. It is water which is passed through a MF at specific
speed, or by placing the magnet inside or near the water, for period
of time. The magnetization degree of water depends on the
following parameters [1, 3, 6, 7,8, 9]:

1. Magnetic field intensity.

2. Duration of exposing water to MF.

3. The amount of exposing water to the field.

4. Velocity of water flow.

Although the effect of MF on the water is a controversial issue,
however, magnetic water has several applications in different
aspects. For example, it can purify wastewater, promote plant
growth, inhibit the scaling of metallic surfaces and improve the

179 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall



26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

performance of concrete, in addition using it in medical fields [10,
11].

The objective of this study is to investigate the effect of magnetic
field on properties of water by exposure the water samples to
different magnetic field intensities at variable exposure times.

2. Literature Review

Many studies were carried out to probe the effect of the magnetic
field on water. The reported effects of magnetic water treatment
are varied. Some studies reported no significant magnetic
treatment effect on the properties of water. While others have
shown that magnetic treatment has no effect on the chemical
properties of water, such that its composition remains unchanged
after treatment, on the other hand, it influences the physical
parameters [12]. In other cases, studies reported that the MF could
change the physicochemical water properties [1]. The changes in
the physical parameters such as viscosity, surface tension and
evaporation enthalpy, cause molecular interactions and thus
changes in the chemical properties of water [13].

Amiri and Dadkhah conducted a series of experiments to
investigate that the magnetic water treatment reduces the surface
tension, the test results showed a decrease in surface tension of
water [6]. A similar result was obtained by Holysz et al. the MF
could increase the electrical conductivity, and decrease the surface
tension of water [14]. Alwediyani et al and Khudiar et al. also
reported reducing in surface tension and density, while increased
pH value, and electrical conductivity of magnetic water [15,16].
Alkhazan et al. studied the magnetized lake water, found
increasing in the pH value and decreasing in its odor and electric
conductivity, dissolving oxygen, and dissolving minerals by a
higher rate than un-magnetized water, in addition to water
clearness [17]. Esmaeilnezhad et al. said that the properties of
magnetized water are useful in industries associated with its
surface tension, pH, viscosity and electrical conductivity, they
found decreasing in electrical conductivity and surface tension,
while pH, and the shear viscosity increase in water upon the
application of a MF [18]. Huan-Xiao Hu and Chao Deng tested the
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electrical conductivity and evaporation of magnetized water at
different temperatures. The results showed that the conductivity
and evaporation of the magnetized water increase to different
degrees compared with regular tap water [8]. Also, Wang tested
the evaporation of magnetic water, reported the increase of
evaporation amount, the decrease of specific heat and boiling point
of tap water after magnetization, the changes depend on the
magnetic intensity [10]. The researcher also reported in another
study, the effect of a static MF on liquid water using frictional
experiments, the result suggested the friction coefficient was
smaller in the MF [19].
Gaafar M, Moosa measured the TDS at different MF strength
(3000-5000G) at exposure time varied from (2-30) min, reported
that at two minutes with higher MF its better in dissolving the salts
that used in making kidney stone [20]. Studies reported that MF
impacts on hydrogen bonds between water molecules and found
some exchange which happened in the properties of water such as
light absorption, surface tension, EC and pH [21].
On the contrary, other researchers reporting negative results such
as; Hasson and Bramson studied the effectiveness of commercial
MF device in suppressing calcium carbonate, found that the
magnetic exposure had no effect on suppress the scale formation of
CaCO3 [22]. Also Limpert and Raber reported that the magnetic
treatment device has no significantly to prevent scale formation in
a heat exchanger system [23].
Based on these facts, this study aims to investigate the effect of
MF on water properties, by subjected it to the MFs, and examined
the following parameters:
-Densitywhich is the ratio of the mass to the volume of a
substance, i.e. it’s a measurement of how tightly matter is packed
together. The exact density of water is about 0.999 g/ml at 4°C, the
rounded value of 1 g/ml. It can be calculated by using the
following formula:
m

P=y 1)
Where : p is density, m is mass, and V is volume of a substance
[24].
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-Electrical Conductivity (EC) it is a measure of a material's
ability to conduct an electric current, has SI unit of Siemens per
meter (S/m) [24].

-pH Balance it is a measure of how acidic/basic water is, indicated
to relative amount of free hydrogen and hydroxyl ions in the water
[25].

-Total Dissolved Salts (TDS) is made up of inorganic salts and
organic matter, that dissolved in water, such as calcium,
magnesium, potassium, sodium, bicarbonates, chlorides, iron, lead,
and sulfates [26].

-Sodium Chloride is an inorganic chloride salt, has chemical
formula NaCl, which is most responsible for the salinity of water,
by giving drinking water a salty taste at a concentration greater
than 180 milligrams per liter [26].

3. Materials and Methods

3.1. Setup Experimental

The well water was divided into three samples, a control group as
an untreated sample of 200 ml, a 200 ml sample exposed to a
PMF, and a 120 ml sample, which was divided into six samples
each sample of them has 20 ml, each of them were exposed to the
EMF at different times. Each period of exposure for each sample
was repeated five times. And each sample was taken immediately
after each exposure time to MF, to examine the parameters like
density, EC, pH, NaCl concentration, and TDS, which initially
measured before magnetic treatment of all water sample. The
experiments were performed at 28+5°C.

The pH value of water samples was measured by using pH meter
model 80. Hanna instruments HI 2300 EC/TDS/NaCl meter was
used to measure TDS, EC, and NaCl of each sample. In addition,
Microsoft Office Excel 2016 was used to analyze all data obtained.
3.2. Generation method of MF

MF is generated, when an electric current passing through a wire
of coil, this type of MF disappears when the electric current is
turned off, which called electromagnetic field. The strength of the
EMF is various, depends on the amount of electric current, and
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number of coil turns [25, 27]. Ampere's law uses to calculate the
MF inside the coil is as follows:

N x|

C )

Where: B is magnetic field, measured in Tesla = 10* Gauss
N is number of coil turns, | is electric current, measured in
Amperes,L is length of the coil, measured in meter, and po =
4mx107" is vacuum permeability, measured in Newton per square
ampere N/AZ,
Permanent magnet is made from ferromagnetic materials such as
iron, nickel and cobalt, these ferromagnetic materials create an
intense persistent magnetic field without the need for any electrical
power.
In this work, firstly, the EMF was generated by 1.6 Amp of
electrical current passing through a coil of 8.5cm length, inner
diameter 1.7cm, outer diameter 2cm, number of turns 3900, where
the coil connected to 2 VV of DC power supply, the intensity of
EMF that created was calculated by using equation 2. It was found
equal to (900G = 0.09 T = 90mT). Although electromagnets can
produce MFs of high intensity, however, in this study, we used low
MF intensity. Then, each sample of the six samples which contain
20 ml of tested water is in the test tube was subjected to this MF
for variable time (5, 10, 15, 20, 25, 30) min.
The second treatment of the well water sample was by PMF, which
produced by two bar of magnets, dimension of each magnet was
10x1.5x0.5 cm (length, width, height). 200 ml of tested water is in
250 ml Pyrex beaker, then the magnets were placed vertically on
both sides of the beaker, where the top and bottom was without
MF and the magnets remained for 7 days at room temperature.

B =4,

4. Results

4.1. Effects of Magnetization on Density

To measure the density of the well water sample, 200ml of the
sample was placed in a 250 ml Pyrex beaker, then the mass was
measured before and after the magnetic treatment by using
sensitive balance, then the density was calculated using equation 1.
Figure 4a shows the decrease in the density of well water samples
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when 900 G of EMF was applied at variable exposure time, the
highest decrease was 0.715g/ml at 30 min of exposing time, while
the untreated well water sample has a density of 0.972 g/ml. In
case of PMF, the density of the magnetic water dropped to 0.799
g/ml, as shown in figure 4b, the decrease in the density is due to
amount of dissolved salts, that cause an increase in the mass of
water sample.

treatment by 900G EMF

1.5
0.972 0955 (o1 094 091 0945
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0 5 10 15 20 25 30 35

Time(min)

Figure 4a. Effect of 900 G of EMF on well water density at variation
times.
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Figure 4b. Effect of PMF on well water density for 7 days of exposure
time.
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4.2. Effects of Magnetization on pH

Figure 5a reveals that variation of pH value of the well water
samples under EMF of 900 G at different exposure times, slightly
increased by 3%, 6%, 4.5%, 6%, 9%, 1.5% at exposure time (5,
10, 15, 20, 25, 30) min respectively. In case of PMF: The pH value
of magnetic water increased significantly from 6.6 (untreated
sample) up to 8.2, by 24% as shown in figure 5b. This increase in
pH value leads to reduce the acidic and arise the base, due to
increasing the hydroxyl ions and decreasing in the hydrogen ions
concentration. The influential of PMF on pH value was greater
than electromagnetic field.

treatment by 900G EMF

rH

o 5 10 15 20 25 30 35
time(1nin)

Figure 5a. Effect of 900 G of EMF on well water pH at variation times

treatiment by PMF

OI-iNuJJ:p]'b'IO\\JOOkD

untreated water - magnetic water
type of water

Figure 5h. Effect of PMF on well water pH for 7 days of exposure time
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4.3. Effects of Magnetization on TDS

It's clear that the MF impacts on TDS of experimented well water,
but the effectiveness may depend on the intensity of the MF. A
significant decrease on the TDS of the treated well water samples
was observed by 900 G of EMF, while the TDS was increased
significantly when PMF was applied.

For EMF; It is clear that difference of exposing time has a different
influence on the TDS of magnetic water, the results as illustrated
in figure 6a shows a significant decrease in the TDS for the treated
well water, the decrease was more remarkable at 15 min which
recorded 990 ppm = 0.99¢/l, as compared with TDS for the
untreated sample 1570ppm =1.57g/l where the decrease rate is
about 36%. This decreasing in TDS proved that the low magnetic
field could dissociate the constituent salts. Whereas, the TDS
increased from 1570ppm=1.57g/l for untreated water sample to
1960ppm=1.969/I for treated water sample by about 24.8%, when
treatment was by PMF for 7 days, as illustrated in

figure 6b.
) treatment by 900G EMF
1.57
1.5 1113 1.114 106 1079 1148
B 099 106 L
A 1
[_‘
0.5
0
0 10 20 30 40

time(min)

Figure 6a. Effect of 900 G of EMF on well water TDS at variation times
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Fig.6b. Effect of PMF on well water TDS for 7 days of exposure time

4.4. Effects of Magnetization on EC

As mentioned previously; the well water sample was subjected to
two types of MFs of different intensities. When an EMF was used
to magnetized the well water samples, the obtained results in
figure 7a, shows that there is a significant decrease in EC of all
well water samples under different magnetization time. EC
decreased from 2662uS = 2.662mS for untreated sample to 1.882,
1.845, 1.518, 1.613, 1.475, and 1.91 mS for treated samples at
exposure time 5, 10, 15, 20, 25, and 30 min respectively. The
reduction in EC agree with the reduction in TDS for all samples,
when treated by EMF. This indicates that the low MF can reduce
the EC and TDS which is a good for the removal of salinity from
the water.

In case of PMF, The EC is higher than that of untreated sample,
where EC was increased up to 3.27msS, as indicated in figure 7b. In
this magnetic treatment the EC is also higher than that of EMF of
900 G. Whether the EC increases or decreases after the magnetic
treatment. This change indicates that the electrical property of the
water has changed due to the MF.
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Figure 7a. Effect of 900 G of EMF on well water EC at variation times
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Figure 7b. Effect of PMF on well water EC for 7 days of exposure time

4.5, Effects of Magnetization on NaCl

It observed that in figure 8a the concentrations of NaCl are clearly
decreased at different exposure times when EMF was applied, the
NaCl concentrations were decreased from 5.2 (untreated sample)
to 3.7, 3.5, 3, 3.6, 3.2, 3.7% at exposure time 5, 10, 15, 20, 25,30
min respectively. Otherwise, the result obtained by exposure water
to the PMF was different, where NaCl concentration increased
from 5.2 for the untreated sample to 6.3 for the magnetic water
sample, as indicated in figure 8b.

188 Copyright © I1STJ Ak gias okl (3 ia
Ll g o slall 40 gall Alaall



International Science and 26 JM\ ially p gl A0 gt

it el s i Ty demmrl

oy Volume 26 ST._I%

treatment by 900G EMF

4 i 3.5 3.6

NaCl
w

o 5 10 15 20 25 30 35
time(min)

Figure 8a. Effect of 900 G of EMF on well water NaCl concentrations at
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Figure 8b. Effect of PMF on well water NaCl concentrations for 7 days
of exposure time.

5. Discussion and Conclusion

This study aimed to investigate whether the MF affects the
properties of water. The study finding is consistent with many
studies have proved that, properties of water are changed when
subjected to MF. The results obtained when the samples of well
water subjected to the EMF (900 G) suggested that EC, TDS, and
NaCl concentration of magnetized water are decreased, compared
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to untreated sample. This result is similar with data in [17, 24] who
pointed out the decrease in EC, TDS, Na, Cl in static magnetic
treatment. In contrast, when PME was applied, EC, TDS, and
NaCl concentration are increased. The increasing in NaCl
concentration is similar with the result which reported in [5].

The MF has a positive effect on pH values. When water samples
were treated by both MFs (EMF, PMF), an increment in the pH
values occurred, which is beneficial to reduce the acidic. This
result is in conformity with the most previous studies. The density
of all treated samples decreased after magnetically treatment,
either the MF intensity is low or high. This result is in accordance
with [15], they reported reducing in the density of magnetic water,
wherever the magnetic treatment was done by a neodymium
magnet for 7 days, and the water sample was static.

Whether decreased or increased tested parameters after the
magnetization process. This suggests that the MF has impact on
the water properties. From these results, it can be deducing that the
role of magnetization on changing water properties is depending
on the hydrogen bonds between water molecules, and impurity
atoms and ion which contained in water. If the magnetization
causes increases or decreases the hydrogen bonds between water
molecules, so it reduces or increases the ability of electrolysis [3].
Also the variation in results may be due to a magnetic type, the
experimental setup, such as exposure time, the condition of water,
whether static or flowing through magnetic field where the
experiments in this study were done statically. Thus that, a full
understanding of magnetized water remains an open issue, which
still needs to be discussed in further experiments.

Acknowledgement

Grateful thanks to the staff members in Specific Training Center
for Oil Industries. Zawia, Libya for allowing me to use their
laboratories to carry out the practical part of this study, and for
their wonderful support.

190 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall



26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

References.
[1] Ahmed. S, Effect of Magnetic Water on Engineering

Properties of Concrete. College of Engineering. Feb(2009)
AREJ Vol.17 No.1.

[2] C. Quiun, T. Molden, C. Sanderson, Magnetic Treatment of
Water Prevents Mineral Buildup (1997)
www.Superiorawaterconditioner.com

[3] Mothafer Dawood, Magnetic Water, Electronic book.
https://www.researchgate.net/publication/337481523 alma_al
mmghnt_-_mzfr_ahmd_almwsly

[4] AL-Sinjary Z, AL-Talib A. Effect of magnetizing water on
uniform of sprinkle irrigation, AREJ (2009) Vol17, Issue 1, pp
68-79

[5] Karkush. M, Ahmed. M, AL-Ani. S, Magnetic Field Influence
on The Properties of Water Treated by Reverse Osmosis, Vol.
9, No. 4, (2019), 4433-4439 4433

[6] Amiri. M, Dadkhah. A, On reduction in the surface tension of
water due to magnetic treatment. Colloids Surf A (2006),
278(1):252-5.

[7] Jianshu. L, Experimental study on the surface tension of
magnetized water. International Communications in Heat and
Mass Transfer Volume 121(68):105091.

[8] Huan-Xiao Hu, Chao Deng, Effect of Magnetized Water on
the Stability and Consolidation Compressive Strength of
Cement Grout Materials (2021), 14(2), 275.

[9] Emil. C, Aleksandra. S, Lucyna. H, Influence of Magnetic
Field on Evaporation Rate and Surface Tension of Water.
Colloids Interfaces (2018), 2(4), 68.

[10] Wang, et al. Effect of magnetic field on the physical
properties of water. DOI1:10.1016/j.rinp.2017.12.022

[11] McMahon, C, Investigation of the quality of water treated
by magnetic field, B. Sc. Thesis Toowoomba University of

191 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o slell 40 sal) dlaall


https://www.sciencedirect.com/science/journal/07351933
https://www.sciencedirect.com/science/journal/07351933
http://dx.doi.org/10.1016/j.rinp.2017.12.022

26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

Southern Queensland Faculty of Engineering and Surveying,
(2009).

[12] Hassan. K, Magnetic Treatment of Brackish Water for
Sustainable Agriculture, M.Sc. Thesis, The American
University in Cairo, (2015).

[13] Szatylowicz. E, Skoczk. 1, Magnetic Field Usage
Supported Filtration Through Different Filter Materials. Water
(2019), 11(8), 1584.

[14] Holysz. L, Szczes. A, Chibowski. E. Effects of a static
magnetic field on water and electrolyte solutions. J Colloid
Interface Sci (2007);316(2):996.

[15] Alwediyani. H, Almasoudi. A, et al. The Change in
Physical Properties of Magnetic Water, B. Sc. Thesis.Umm Al
Qura University Makkah- Kingdom of Saudi Arabia.

[16] Khudiar. K, Ali. A, Effect of magnetic water on some
physiological aspects of adult male rabbits. In Proceeding of
the Eleventh Veterinary Scientific Conference, (2012),
Pp.120-126

[17] Alkhazan. K., Sadddig. A, The effect of magnetic field on
the physical, chemical and microbiological properties of the
lake water in Saudi Arabia. Journal of Evolutionary Biology
Research, (2010), 2(1), 7-14.

[18] Esmaeilnezhad. E, et al, Characteristics and applications of
magnetized water as a green technology, Journal of Cleaner
ProductionVol 161, 10 Sep 2017, Pag 908-921

[19] Wang. Y, Zhang. B, et al, The effect of a static magnetic
field on the hydrogen bonding in water using frictional
experiments. J Mol Struct (2013) ;1052(11):102—4.

[20] Gaafar. M, et al, Effect of Magnetic Water on Physical
Properties of Different Kind of Water, and Studying Its
Ability to Dissolving Kidney Stone, B.Sc. Journal of Natural
Sciences Research, VVol.5, No.18, 2015.

192 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o slell 40 sal) dlaall


https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526/161/supp/C

26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

[21] Joshi. K, Kamat. P, Effect of Magnetic Field on the
Physical Properties of Water, J. Ind. Chem. Soc. 43 (1966),
Pages (620-622).

[22] Hasson. D, Bramson. D, Effectiveness of magnetic water
treatment in suppressing calcium carbonate scale deposition
(1985). Eng. Chem. Process Design and Development, 24;
588.

[23] Limpert. G, Raber. J, Tests of nonchemical scale control
devices in a once-through system. Materials Performance,
(1985), 24 (10); 40-45.

[24] F. Sears, Electricity and magnetism, 5th printing, (1974)
Wesley Publishing Company. Hand book.

[25] [25]. Kennan. W, General Chemistry, 2"Edition (1993),
Translated by Saad Wasef Arab Development Institute.

[26] EI-Shamy. A, Abdo-Elshafe. A, The consequence of
magnetic field on the parameters of brackish water in batch
and continuous flow system. Dec (2021)Bulletin of the
National Research Centre 45(1).

[27] J. Jackson, Classical Electrodynamics, 2" Edition (1975),
John Wily and sons, Inc.

[28] Hilal. M, Helal. M, Application of magnetic technologies
in desert agriculture, 1l Effect of magnetic treatments of
irrigation water on salt distribution in olive and citrus fields
and induced changes of ionic balance in soil and plant,
Egyptian J. soil. Sci. (2000) Vol. 40, No. 3 PP. 423- 435.

[29] Umidjon. M, Shoazimova. K, Influence of the Magnetic
Field on the Viscosity Coefficient of Lubricoolant that is used
in the Cutting Process. Dec 2020
DOI:10.17683/ijomam/issue8.50

193 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall


https://www.researchgate.net/journal/Bulletin-of-the-National-Research-Centre-2522-8307
https://www.researchgate.net/journal/Bulletin-of-the-National-Research-Centre-2522-8307
http://dx.doi.org/10.17683/ijomam/issue8.50

26 ) Ry gl 20 K

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

Measurement of Activity concentrations levels of
natural radionuclide in soil sample collected from
Ajmail city, Libya

IMuna. M. Aoneas, 2Eldakli Mohsan
tUniversity of Zawia, Faculty of Science, Physics department, Al
Ajaylat, Libya.
2University of Zawia, Faculty of Science, Physics department, Az
Zawiyah, Libya.
E-mail address: m.aoneas@zu.edu.ly

uedlall

L e lipel Agmplal) el lassill e letV) Lalad) (uld o5 Al oda
ovle & bad sy — heall dire (A aBge (gpdics dued (o Cirex dualadl)
2S5 O gl Blall (e asnlond) RAIS aladials (g pdes aalyy Gl din
K asandlisdly caxS/daSs 23.35 5 5.01 on 2PRa asobll #ol5n classil
12.63 5 0.90 o 22Th assilly caaS/diSu 251.42 5 61.42 o
& Gy e Loy el 3p0al)l e ain lalall sda S5 L paS/ds S
Gisa 5 sl e ASe 5 elogll B Ll 4esY daiad) depll Jaee Gl
LAl g sl 55l

Abstract

In this work, we measured the activity concentrations of naturally
radioactive materials in soil samples collected from 25 locations
from Ajmail city on March 2021, which were measured by gamma
ray spectrometry system using a High Purity Germanium (HPGe)
detector.

The activity concentrations of natural radionuclides were varying
from 5.01 to 23.35 Bq.kg™* for 2%°Ra, for “°K vary from 61.42 to
251.42 Bqg.kg?, and for 232Th vary from 0.90 to 12.63 Bq.kg™ The
average of the concentration levels for all inspected nuclides are
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generally found to be lower than the assigned international
radioactivity concentration levels [1].

Absorbed dose rates in air, and the Radium Equivalent Activity
were calculated. The external and internal hazard index for the soil
samples are also investigated.

Keywords: Natural radiation, activity concentrations, High Purity
Germanium (HPGe) detector.

Introduction

Radionuclides are unsteady isotopes which go through radioactive
decay for example they discharge beta particles, alpha particles
and gamma rays. some radionuclides occur normally in air, soils
and plants, rocks and some are created artificially as in atomic
weapon testing, industrial supply, medicine, and nuclear
technology [2][3].

The main external source of irradiation of the human body is
Gamma radiations emitted from naturally occurring radioactive
materials such as 22Th, 23U, and “°K, which known as terrestrial
background radiation [4]. The measurements of natural
radioactivity in soil samples are required to determine any changes
of natural background activity with time as the result of any
nuclear activity. Many surveys have been done in the last decade
to measure the activity concentrations of natural radionuclides in
soil [5][6][7].

In this work the soil samples were collected from 25 locations in
Ajmail city. The Activity concentrations of natural radionuclides
were measured by using HPGe detector, dose rates in air, Radium
Equivalent Activity, the external and internal hazard index were
calculated.

Materials and methods

Sample Collection and Preparation.

The samples were collected from the soil surface (3-5 cm depth),
where the coordinates of each sampling location were recorded.
Table 1 shows the locations from which the soil samples were
collected.
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The samples were left to dry, and each of the samples was weighed
using an electronic balance. These samples are kept in Marinelli
Beakers and stored for one month to reach the secular radioactive
equilibrium condition.

Table 1: GPS location of the sampling points.

Sample no. Sample ID Latitude Longitude
1 A 32.856356N 12.116775E
2 B 32.862976N 12.103541E
3 C 32.862793N 12.092794E
4 D 32.870012N 12.070891E
5 E 32.856874N 12.067230E
6 F 32.863019N 12.047417E
7 G 32.861137N 12.024088E
8 H 32.846151N 12.008133E
9 I 32.819937N 11.991301E
10 J 32.801235N 11.975806E
11 K 32.774178N 11.972161E
12 L 32.740948N 11.946293E
13 M 32.739932N 12.000721E
14 N 32.763058N 12.015026E
15 0 32.774702N 12.065032E
16 P 32.792004N 12.130587E
17 Q 32.799482N 12.155671E
18 R 32.815088N 12.110201E
19 S 32.806584N 12.092596E
20 T 32.824735N 12.075307E
21 U 32.817888N 12.050455E
22 V 32.833852N 12.039830E
23 wW 32.820830N 12.029158E
24 X 32.839159N 12.015838E
25 Y 32.849068N 12.045101E

Energy and Efficiency Calibrations of the Detector

High Pure Germanium Detector (HPGe) with relative Efficiency
90% and an energy resolution of 1.92 Kev for the 1332.5 Kev of
80Co gamma lines Fig 1. HPGe detector is provides sufficient
information to radionuclides from their gamma ray emissions.
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The energy and efficiency calibrations were determined before the
activity concentrations of 232Th, “°K, and ?*Ra radionuclides in the
samples were determine.

The energy calibration of the detector was carried out by using the
following gamma lines obtained from some gamma standard
sources as *’Cs (661.62KeV), and ®Co (1173.23 and 1332.51
Kev). The detector efficiency calibration curve as a function of
energy for solid matrix is shown in Fig.2.

Figure 1: gamma ray spebtrometer system with High urity Germanium
(HPGe) detector.

Efficiency vs Energy curve
0.07
0.06
0.05
0.04
0.03
0.02
0.01

Efficiency

0 500 1000 1500 2000
Energy

Figure 2: The efficiency calibration curve for HPGe detector as a
function of energy.
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Activity concentrations

The Activity concentrations of “°K, 2%°Ra, and 2*2Th in soil samples
were determined directly by using a HPGe detector.

The 2%Ra activity concentrations of natural radionuclides were
determined by using the 295.2 and 351.9 Kev photopeaks of 24Pb,
the 609.3, 1120.3 Kev photopeak of 21Bi. The *2Th activity
concentration was determined using the 583.14 Kev photopeak of
208T] the 911.07, and 968.9 Kev photopeaks of 2%Ac, and
238.6Kev photopeaks of 2!2Pb. And the activity concentration of
40K was determined directly from the 1460 Kev gamma line.

The activity concentration of a certain radionuclide of each sample
were calculated using the following formula [8].

_ net CPS
~ Eff-M.I, )

Where A is the net gamma counting rate (counts per second) for a
peak at energy E, net CPS is the (net gamma counts per second =
cps for sample — cps for background), Eff is the efficiency of the
detector at energy E (Kev), I,, is Absolute intensity of the gamma
ray, and M is the mass of the soil sample under consideration
measured in kilograms.

Calculation of absorbed dose rate

The contribution of the natural radionuclides to the absorbed dose
rate in air D,. depends on the concentration of the radionuclides in
the soil. The dose can be calculated at 1 meter above the ground
level from the measured activity concentrations of 2%°Ra, 2%2Th,
and “°K radionuclides using the following formula [9][10]:

D, (nGyh) = 0.462 Ara + 0.604AT, + 0.0417Ak (2
where D, is the dose rate, 0.462, 0.604 and 0.0417, are the dose

conversion factors, Ara, ATn, and Ak are the activity concentrations
of ??°Ra, *2Th, and “°K in Bq. kg, respectively.
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Calculation of Radium Equivalent Activity

The radium equivalent activity is defined as a common
radiological index that represents the activity concentrations and
existing of natural radionuclide of ?°Ra, *?Th, and “°K in the
terrestrial. The radium equivalent activity Raeq calculated
according to the following formula [11]:

Raeq (Bq Kg_l) = ARa+1-43ATh + OO77AK (3)

Calculation of External and Internal Hazard Index

The external and internal hazard index due to the emitted gamma
rays for each sample was calculated according to the following
formula [12][13]:

Ara | Arn | Ak

H. = <1
ex = 370 T 259 T 2810 = (4)

A A A
Hein= Ra+ Th_l_ K

<1
185 259 4810

(5)

Where H., , H;, are the external and internal hazard index,
respectively. The value of He, , and H;, must be lower than or
equal to unity in order to keep the radiation hazard insignificant.

Results and discussion

The specific activity of natural radionuclides of 2*2Th, ?Ra, and
40K for a total of 25 soil samples were presented in Table 2, and
figures 3, 4, and 5.

The maximum value of the activity concentration of “°K
radionuclide was 263.31 Bg.kg™?, and the minimum concentration
value was 61.42 Bqg.kg?, with an average 143.44 Bq.kg?. The
maximum value of the activity concentration of 2?Ra radionuclide
was 23.35 Bg.kg™, and the minimum concentration value was 5.01
Bq.kgt, with an average 9.84 Bg.kg™.

The maximum value of the activity concentration of %2Th
radionuclide was Bqg.kg™?, and the minimum concentration value
was Bq.kg?, with an average 4.25 Bg.kg™.
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Clearly, the results in all samples show that the activity
concentration of 2% Ra is higher than the activity concentration of
232 Th. The average activity levels of ?°Ra are about 2.3 times
higher than that of 232Th in the soil sample.

Table 2 The specific activity of natural radionuclides of 2?Th, ?%Ra,
and “°K for a total of 25 soil samples.

Activity
Sample | SollsiMPle. | Bakg™ | Z2Th (Bq kg™ | Ra (Baka?)

1 A 145084257 | 1474001 7.36+1.10
2 B 61.42+1.09 8.4210.28 10.6040.13
3 S 75.1741.33 5.6340.09 7.0240.10
1 D 75.69+1.34 4.8040.08 7.70£0.12
5 E 172.6643.06 |  6.4240.10 15.0340.03
6 F 123.0042.178 | 0.90+0.01 7.6440.17
7 G 173.65¢3.07 |  6.43£0.10 8.74+0.13
8 H 136.294241 |  4.4410.04 14.40£0.19
9 | 96.6141.71 5.0720.05 6.94+0.06
10 J 169.03:2.99 | 1504001 7.79+0.10
11 K 263.3144.66 | 12.63:0.18 | 1048013
12 L 190.23:3.37 | 5531012 6.7240.07
13 M 251424445 | 1424001 773172
14 N 150.83:2.67 |  9.2740.14 5.0120.06
15 0 133.30+2.36 B.D.L 7.98+0.09
16 P 152.04+2.69 B.D.L 6.45+0.06
17 Q 109.9241.95 |  9.841015 23.350.29
18 R 100.7741.78 | 123+001 13.2540.15
19 s 165.7642.93 B.D.L 5.4740.19
20 T 123.38£2.18 | 0904000 7.670.18
21 U 152.14£2.69 | 8354013 8.0720.13
22 Y 175264310 |  3.2540.03 7544009
23 W 156.5642.77 | 1564001 8.56+0.08
24 X 139.804247 | 7174011 14.3520.16
25 v 92.80+1.64 B.D.L 20.110.24

Average+ S.D 143444249 | 4254007 9.84+0.23

It was also show that the calculation of activity concentrations of
40K were exceeded the calculation of the activity concentrations
for 22Th, and %?°Ra. This is an indication that the measurement of
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the activity concentration of “°K radionuclide is a more abundant
than the measurement of the activity concentration of other
elements in the soils samples.

A good thing that there are no any activity concentrations of *’Cs
found in all samples, and the average of the concentration levels
for all inspected nuclides are generally found to be lower than the
assigned international radioactivity concentration levels [1].
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Figure 4: The specific activity of radionuclides Z2Th for the soil samples.

Also the results of the absorbed dose rate, the radium equivalent
activity, the external and internal hazard index were presented in
Table 3, and Figures 6,7.

The absorbed dose rates were varying from 9.25 to 23.45 nGyh™
with an average 13.09 nGyh™, these values lower than the average
value mentioned in UNSCEAR report [1]. The radium equivalents
were varying from 2.86 to 48.82 Bq.Kg~lwith an average
26.24 Bq.Kg~', these values are lower than the assigned
international allowed limit of 370 Bq.Kg~!. the external hazard
indices were varying from 0.049 to 0.132 with an average 0.067,
These values are much less than unity. The internal hazard indices
were varying from 0.010 to 0.708 with an average 0.148, These
values are much less than unity.
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Figure 5: The specific activity of radionuclides ??°Ra for the soil samples.
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Figure 6: The dose rate D,.(nGyh™), and the radium equivalent activity
Raeq (Bq.Kg™1) for the soil samples.
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Table 3: The absorbed dose rate, the radium equivalent activity, and
the external and internal hazard index for the soil samples.

Sample | Code D,(nGyh") | Ra.q(Bq.Kg™'] He H.in
no sample
1 A 10.34 20.63 0.055 0.076
2 B 12.54 27.37 0.074 0.010
3 C 9.78 2.86 0.056 0.075
4 D 9.61 20.39 0.055 0.076
5 E 18.02 37.51 0.101 0.142
6 F 9.20 18.40 0.050 0.070
7 G 15.16 31.31 0.085 0.108
8 H 15.08 31.24 0.084 0.123
9 [ 10.30 21.63 0.058 0.077
10 J 11.55 22.95 0.062 0.083
11 K 23.45 48.82 0.132 0.160
12 L 14.38 29.28 0.079 0.097
13 M 14.91 29.12 0.079 0.100
14 N 14.20 29.88 0.081 0.094
15 O 9.25 18.24 0.049 0.708
16 P 9.32 18.16 0.049 0.066
17 Q 21.31 45.86 0.124 0.87
18 R 11.067 22.77 0.062 0.097
19 S 9.44 18.23 0.049 0.064
20 T 9.23 18.46 0.050 0.071
21 U 15.12 31.73 0.086 0.107
22 V 12.75 25.68 0.069 0.090
23 W 11.43 22.85 0.062 0.085
24 X 16.79 35.37 0.096 0.134
25 Y 13.16 27.26 0.074 0.128

Average 13.09 26.24 0.067 0.148

Conclusion

In this study, the activity concentrations for soil samples which
collected from 25 locations in different areas chosen randomly
around Ajmail city were calculated by using HPGe detector. The
average activity concentrations for “°K was 143.44 Bq.kg?, for
232Th was 4.25 Bq.kg™?, for 2Ra was 9.84 Bq.kg™.

The activity concentrations of *°K were exceeded markedly the
activity concentrations of 22Th, and ?*°Ra. It was also show that
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the measured activity concentrations of *°K exceeded markedly the
values for both radium and thorium.

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
o MLl || I Il kol a1l

ABCDEFGHI JKLMNOPQRSTUVWXY

(Hex& Hin) x 101

M external hazard M internal hazard

Figure 7: The external and internal hazard index for the soil samples.

A good thing that there are no any activity concentrations of *3'Cs
found in all samples, and the average of the activity concentration
for all nuclides are generally found to be lower than the assigned
international radioactivity concentration levels [1].

the absorbed dose rate, the radium equivalent activity, the external
and internal hazard index were also lower than the average value
mentioned in UNSCEAR report [1].

This study can be considered a useful resource for future studies
on natural radioactivity.
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ABSTRACT

Cement production is widely increasing as it involved in most
of the construction projects. Cement production also create
problem to the environmental regarding to CO2 emissions, dust
pollution, and noise during blasting process for getting new the
raw materials. Currently, many studies have been conducted on the
application of quarry dust as a partial replacement of sand.
Nevertheless, the utilization of quarry dust in the practice of quarry

dust fine powder (QDFP) as a partial replacement of cement in
brick still limited. Therefore, this study concentrated on the
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mechanical performance in terms of compressive strength of bricks
made of OPC and QDFP bricks with 0.5 water cement ratio (w/c).
The mix designed for (60) samples of bricks and tested after 28
and 60 days of air-dried curing. There were six (6) batches of
which vary in QDFP replacement of cement content. The
replacement percentage ranges between values of 0%, 15%, 20%,
25%, 30%, and 40%. Each percentage has ten (10) samples. The
size of bricks cube is 215mm x 100mm x 65mm. The mixture
containing cement-sand ratios of 1:3 was adopted. The results
confirmed that, the percentage of compressive strength for QDFP
bricks decreased with increasing the replacement percentage of
cement with QDFP. In addition it was found that, the optimum
replacement of QDFP is at 40% replacement of cement made of
mix proportion of 1:3.0 of cement sand ratio, which the
compressive strength was 28.37 N/mm? and 37.65 N/mm? in 28
and 60 days of age respectively.

Keywords: Cement production, the environmental, CO2
emissions, quarry dust fine powder (QDFP), compressive strength.

1-INTRODUCTION

Bricks are one of the oldest types of building materials. It is an
ideal building material because it is relatively cheap to make.

The production of cement reported to contribute to a bad impact
on the environment since it contributes to the emission of carbon
dioxide (CO.) accounting for proximately 7% to 8% of CO>
globally (Kartini, 2010). It was reported that produce 1 ton of
clinker, it releases 1 ton of CO2, which means about 0.95 to 0.97
ton of CO2 per ton of Portland cement produced (Glasser, 1998).
The extractions of raw materials such as limestone and clay from
the natural resources also contribute to the changing of the natural
landscape. Due to highly demand of raw materials in the
production of cement, it has created a serious damage to the
environment. To reduce the impact of cement production to the
environment, the Supplementary Cementitious Materials (SCMs)
was introduced (Scheffer, 2009).

Supplementary Cementitious Materials (SCMs) are these
materials that can replaced the cement in making concrete with
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good mechanical properties and good durability. Nowadays, many
materials have been used as SCMs and most of these materials are
considered as waste materials. As a matter of fact, when some of
these SCMs are used in making concrete, it can produce concrete
with better strength and durability properties such as concrete
made with fly ash (Meyer, 2009). SCMs can be produced from
natural resources or by artificial production. Most of the SCMs
were selected from the industrial waste production (NRMCA,
2000).

Furthermore, waste materials are a very sensitive issue these
days and their impact on the environment is pushing researchers to
conduct studies on these waste materials and try to utilize them in
way that help reducing their impact on the environment. This
research was carried out with attention to identify the alternative
materials in reducing the utilization of natural resources in the
production process of cement.

In this study, the quarry dust fine powder (QDFP) was used for
bricks mixture as a partial replacement of cement. QDFP source is
from quarry dust (QD) taken from Negri Roadstone Quarry Nilai,
Negri Sembilan.Malaysia It is expected that, the use of QDFP can
reduce the demand for cement as well as the environmental
problems. QD is obtained after grinding process to become fine
particles and then sieve passing 90 um sieve size. In addition, this
research also investigated the effect of QDFP on compressive
strength by conducting compressive strength test.

2 METHODOLOGY

The main objective of the laboratory work of this study was to
investigate and compare the mechanical performance of the QDFP
bricks in term of compressive strength for various replacements of
cement content with QDFP with cement-sand ratios 1:3 and 0.5
wic.

The mixture which contains cement, sand, and QDFP were
studied. The cement type that was used is OPC, type of sand is
river sand of sieve passing 5mm sieve size, and QDFP with size of
sieve passing 90pum were used.
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2.1 Preparation of bricks samples

This study involves laboratory investigation on six (6) batches
of QDFP bricks. There were (60) samples of bricks prepared for
this study. Samples were tested after 28 and 60 days of air drying.
Basically, there were six (6) batches of which vary in QDFP
replacement percentage of cement content. The replacement
percentage ranges between values of 0%, 15%, 20%, 25%, 30%,
and 40%. Each percentage has ten (10) samples divided to two
groups each one five (5) samples for 28 and 60 days. The samples
were subjected to air curing. For mix proportion 1:3, with
replacement of 0%, 15%, 20%, 25%, 30%, and 40%, they are
denoted as MB1, MB2, MB3, MB4, MB5 and MB6 respectively.

The size of brick is 215 mm length, 100 mm wide, and 65 mm
height.

Table 1. the preparation of bricks samples needed in this study.

Mixture Compressiv
Designatio Replacemen o e Strength Test
n t of Cement 28 60
Content  with gta-lﬁznd days | days
QDFP No. of
Samples
MB1 0% 5 5
MB2 15% 5 5
MB3 20% 1:3.0 5 5
MB4 25% 5 5
MB5 30% 5 5
MB6 40% 5 5

Total number of samples = 60
2.2 Materials Selection

In this research, the materials were collected and stored in a
good condition in the Concrete Laboratory of Civil Engineering
Faculty, UiTM, Shah Alam. The main materials in this
investigation were:
2.3.1Cement (OPC) , Ordinary Portland Cement was the cement
used in this study with type of ‘Buaya’ brand and fulfilling the

210 Copyright © ISTJ i gina qoball (3 58n
Ayl g o slell 40 sal) dlaall



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Wb Aoyt Volume 26 STJ%

standards of BS EN 196-6. the chemical composition of OPC is
shown in Table 2.

Table 2.Chemical composition of OPC used in this study

1. Chemical 2. Percentage
Composition (%)
3. SiO2 4, 15.05
5 AlOs 6. 256
7. Fe0s3 8. 4.00
9. TiO2 10. 0.12
11. MgO 12. 1.27
13. CaO 14. 72.17
15. Na20 16. 0.08
17. K0 18. 041
19. P20s 20. 0.06
21. MnO 22. 0.06
23. SOs3 24. 2.90
25. Loss of Ignition 26. 1.33

2.3.2QDFP

QDFP was product obtained from grinding process of the QD
which has fraction passing 63um with size of sieve passing 90um.
In this investigation, the QDFP was the SCMs which have been
used to supplement the cement. Quarry dust was collected from
Negeri Roadstone Quarry Nilai. Malaysia
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2.3.2.1Preparation of QDFP

The preparation of QDFP was carried out through three stages
named as collecting, grinding and sieving. Collection stage was
from Negeri Roadstone Quarry Nilai and in Figure 1. shows the
QD collected before grinding. Grinding stage was done by using
the Los Angeles (LA) Abrasion Machine as shown in Figure 2. the
machine was set for 5000 revolutions with 33.3 rpm for each 5 kg
of quarry dust with 16 nos. of ball bearings for about two and half
(2 ¥2) hour. The crushed quarry dust specimens shown in Figure 3
were then sieved by using 90micron sieve size. The QDFP was
stored in a good condition at the concrete laboratory until the time
has been used.

Figur 1 D before grinding by Figure 2: LA Abrasion
LA Abrasion Machine Machine

Figure 3: QD after grinding by LA Abrasion Machine
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2.3.3 Sand

River sand is the type of sand that was used in this investigation
with sieving passes 5mm sieve size.

2.3.4\Water

Tap water was used in this investigation as it contains no
substance and free from impurities which could affect the cement
mix and can have an appreciably harmful effect upon strength of
cement.

2.3.4.1Water to Cement Ratio
In this investigation water-cement ratio of 0.5 was used.

2.4Mix Proportion

Six different mixes was prepared in this study. Each mix had
different amount of QDFP as a cement replacement. The six mixes
are showed in Table 3 and detail of materials mix proportion for
each mix type is shown in Table 4.

Table 3: The different types of mix proportions

Mixture Cement- orcC QDKFP
Designation Sand Ratio J(%0) (%0)
MB1 100 0
MB2 85 15
MB3 1:3 80 20
MB4 75 25
MBS 70 30
MB6 60 40

Table 4: Materials mix proportions for each mix
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Mixture Cement- MOULD CEMEN SAND | WATER QDFP
Designation | Sand Ratio | VOLUME (M3)] T(KG) | (KG) (KG) (KG)
MBI 0.72 215 0.36 0.00
MB? 0.61 215 0.36 0.11
MB3 0.57 215 0.36 0.14
MB4 13 0.0014 0.54 215 0.36 0.18
MBS5 0.50 215 0.36 0.22
MB6 0.43 215 0.36 0.29

2.4.1.Preparation of Mortar

The mixing was done in mixing machine as shown in Figure 4
to ensure that the process of batching is done effectively to give
the mortar better strength. Thorough mixing is important for the
production of uniform and high quality mix.

Cement and sand was mixed in dry condition with a trowel for a
minute and then water was added. The preparation of the mortar is
according to the BS EN 196-1, water cement ratio of 0.5, and the
mixture is mixed until it is homogeneous

Figure 4: Cement paste mixer

2.4.2.Casting
The process of casting is where the mix is poured into cube
mould. The size of 215mm x 100mm x 65mm for cube mould is
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shown in Figure 5. The mortar was placed in the cube mould and
then the mix compacted using the vibrator machine shown in
Figure 6 to eradicate the air hole to give the maximum density to
the mix. The vibrator machine was used in order to improve the
quality of compaction rather than using conventional method that
is by using rod. If the compaction is not thorough, the mix will be
weaker and less dense.

Then the cube moulds were air dried in the lab with temperature
of 27+2° C and 90% relative humidity for 24 hours. After 24 hours
the cubes are removed from the mould and then placed in well-
ventilated area until testing as shown in Figure 7. Only one size of
cube mould was used to cast the mix for testing purposes. Total of
60 cubes were prepared and placed in the ventilated area at the
concrete laboratory.

“N
Figure 6: Vibrator machine
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Figure 7: Air dried of samples at the ventilation area

2.4.3Compressive Strength Test

The aim of this test was to determine the compressive strength
of bricks based on BS EN 772-1:2000, Methods of Testing for
Masonry Units, Part 1: Determination of compressive strength.

After air dried of 28 and 60 days each specimens are placed in
the Compression Testing Machine as shown in Figure 8.

]

Figure 8: Compression Testing Machine

The specimen is placed with flat face horizontal in the centre of
the machine pressure after placing two sheets of iron top and
bottom of the sample to make sure the distribution of the load on
the sample evenly. The load was applied axially at rate of 14
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N/mm? per minute till failure occurs and maximum load at failure
was noted and then reading of compressive strength was taken.
The averages result of five (5) specimen were reported.

3 RESULT AND DISCUSSION

This study was carried out to investigate the potential of QDFP
as a SCMs for bricks. In this research presenting the results
obtained from the tests conducted at Civil Engineering Lab, UiTM,
Shah Alam. Malaysia Discussions for these results were done to
evaluate the mechanical performance of QDFP as a SCMs.
Compressive strength test was conducted on the QDFP bricks.

3.1 Compressive strength of QDFP bricks

The results from compressive strength test were accordance to
BS EN 772-1:2000 using 60 samples of bricks in size of 215 mm,
100 mm, and 65 mm at different level of QDFP cement
replacement 15%, 20%, 25%, 30%, and 40%, of cement-sand ratio
1:3. All the samples contain w/c ratio of 0.5. The average
compressive strength was obtained from the five (5) specimens for
air dried at 28 and 60 days.

The results obtained from compressive strength test were
summarized in Table 5, cement-sand ratio contain in the mixture.
The graphs of compressive strength versus age of samples, and
compressive strength versus mixture description were taken from
the tables. In this phase the effect of cement replacement
percentage with QDFP was discussed.
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Table 5: Compressive strength of QDFP bricks taken at 28 and
60 days of ventilation with cement-sand ratio of 1:3

30. Compressive

27. Mixture 29. QD strength (N/mm?)
28. Designation FP (%) 31. After 28  32. After 60
Days Days

33. MB1 34. 0 35. 42.57 36. 52.85
37. MB2 38. 15 39. 36.63 40. 45.51
41. MB3 42. 20 43. 33.77 44, 43.11
45, MB4 46. 25 47. 32.15 48. 38.40
49, MB5 50. 30 51. 29.18 52. 38.65
53. MB6 54. 40 55. 28.37 56. 37.65
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Figure 1: Compressive strength of QDFP bricks versus age of
ventilation with cement-sand ratio of 1:3.0 taken at 28 and 60 days
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Figure 2: Compressive strength of QDFP bricks with respect to QDFP
replacement level taken at 28 and 60 days made of cement-sand ratio
1:3.0

From that it can be concluded that, the compressive strength of
bricks for 60 days of ventilation shown higher compressive
strength compared to 28 days of ventilation. Hence, the
compressive strength for this mix (cement-sand ratio 1:3.0)
increased when the ventilation day was prolonged.

From Table 3.1 and Figure 2 it can be seen that the compressive
strength of OPC bricks was higher than compressive strength of
QDFP bricks. The compressive strength decreases with increasing
in the QDFP cement replacement of 15%, 20%, 25%, 30%, and
40% with QDFP. Hence, the compressive strength decreases with
increasing percentage of cement replacement with QDFP.
However, the values of compressive strength were all above the
acceptable standard of 20N/mm? which is considered as to be used
in external non load bearing wall.

From all of the above, the compressive strength for brick that
made of different mix proportion decreases with increasing the
amount of cement replacement with QDFP. This is due to the
reaction of QDFP in order to form calcium silicate hydrate (C-S-
H) which occur at slower rate than the main chemical reaction.
However, the compressive strengths of QDFP bricks were higher
than the significant in the BS EN 772-1:2000.
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The compressive strength of QDFP bricks increases with
increasing in the days of ventilation from 28 to 60 days due to the
time taken to replace calcium hydroxide to increase the C-S-H.

Now, the optimum cement replacement with QDFP for each
proportion mix is taken to study the effect of different mix
composition. Since the compressive strength for all mixes was
higher than 20 N/mm? which indicated a good quality of bricks,
stated by Neville (2002), 40% was selected to be the best
replacement of cement with QDFP for each mix proportion.

Conclusion

1- compressive strength for QDFP bricks of cement — sand ratio
of 1:3.0 and 0.5 (W/C) decreased with increasing the percentage
replacement of cement with QDFP.

2- the replacement of QDFP selected was 40% replacement of
cement with QDFP.

3- The compressive strength of QDFP bricks increases with
increasing in the days of ventilation from 28 to 60 days due to the
time taken to replace calcium hydroxide to increase the C-S-H.

4- Utilization of QDFP can contribute into sustainable
development, which can be utilised in brick mixtures as good
substitute for cement.

5- The demand, cost, and environmental effect of dust pollution
and CO; emissions can be reduced.
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Abstract:

Non-negative definite Lyapunov functions are employed to
obtain sufficient conditions that guarantee boundedness of
solutions of nonlinear functional differential systems.

The theory is applied to nonlinear volterra integral-differential
equation with infinite delay.
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I. Introduction
In this paper, we utilize non-negative definite Lyapunov functions and
obtain sufficient conditions that guarantee the boundedness of all

solutions of the system of functional differential equations
x'(t) = G(t, x(s); —o<s<t) & G(t x(.)) (1.2)
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where xe R", G:R* x R™ —» R"™is a given nonlinear continuous
function in t and x. For a vector x € R™ we take | x I to be the
Euclidean norm of x. Let to>—oo, the n for each continuous function
@:( —oo,to]> R™, there is at least one continuous function x(t) =
X(t,to,p) on an interval [to,1] satisfying(1.1) forto < t < |1 and such
that X(t,to,p) =¢(t) for—co < t < t.It is assumed that at t= to, X (t)
is the right hand derivative of x(t). For conditions ensuring existence,
uniqueness and continuability of solutions of (1.1) we refer the reader
to [1] and [5].

In [10], Raffoul researched the use of non-negative definite
Lyapunov functions to obtain sufficient conditions that guarantee
the boundedness of all solutions of the system of functional
differential equations

x'(t)=G(t, x(s); 0<s<t) & G(t,x(.))

This paper extends the research of Raffoul in[10]to a system of
functional differential equations with different boundary
conditions (i.e. —o<s<tinstead of 0 <s<t)
In[9], Raffoul studied the boundedness of solutions of thein itial
value problem

X (t)=G(t, x(t));t>0

X(to) = Xo

by making use of Non-negative definite Lyapunov functions.
A stereotype of equation (1.1) is the Volterra Integro-differential
equation

t
x'(t) = Ax(t) +j B(t, s)f(x(s))ds. (1.2)

We are mainly interested in applying our results to Volterra
Integro-differential equations of the forms of (1.2) with f(x) =
x™where n is positive and rational. It is important to notice that the
results of [9] do not apply to equations similar to (1.2). In [1]
Burton and the others proved general theorems using Lyapunov
functionals of convolution types and obtained conditions for
boundedness of solutions and stability of the zero solution of (1.1).
However, in this paper our conditions are different and offer a new
perspective at looking at the notion of boundedness. To provide an
application to our Theorems, we will apply our obtained results to
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nonlinear Volterra integro-differential equations. At the end of the
paper we will compare our Theorems to those obtained in[12] and
show that our results are different when it comes to applications.
For more on the boundedness and stability of solutions of(1.1), we
refer the interested reader [3], [4], [7], [8], [13], [6] and [11].

I1. Boundedness of Solutions

In this section we use non-negative Lyapunov type functionals and
establish sufficient conditions to obtain boundedness results on all
solutions x(t) of (1.1). Let ¢: (—oo,t] —» R™be continuous, we
define|@| = sup{||p(s)||: —0 < s < t}.

From this point forward, if a function is written without its
argument, then the argument is assumed to be t.

Definition 2.1 We say that solutions of system (1.1) are bounded,
if any solution x(t, t,, ¢) of (1.1) satisfies

”.X'(t, tO! ¢)” < C(|¢|,t0)' fOT' allt = tO!

Where ¢ : R* x Rt - R* is a constant that depends on t, and
¢is a given continuous and bounded initial function. We say that
solutions of system (1.1) are uniformly bounded if cis independent
oft,.

If x(t) is any solution of system (1.1), then for a continuously
differentiable function

V:R* x R" - RY,

We define the derivative V' of V by

aV(t x) n Av(tx)

Vit X)=——+ Xi; ™

A continuous function W:[0, ) — [0, co)withiW (0) = 0, W (s) >
0ifs>0 and W strictly increasing is called a wedge. ( In this paper
wedges are always defined by W or W; where i is a positive
integer).

Theorem 2.1 Let D be a set inR™ Suppose there exist a
continuously differentiable Lyapunov functional V:R x D — R*
that satisfies
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Wi (Ix]) < V (¢t x)
< ﬂszt(lxD

2, f 1 (t, W5 (1x(s)]) ds @.1)

And

Vi(t,x) < = Wa(lx]) — 43 f_ @2(t, s)Ws (|x(s)ds

+ L (2.2)
for some positive constantsA;,A,,A; and L, wherep;(t,s) =0 is a
scalar function for
—o<s<t<oo,i=1,2, such that for some constant y > 0 the
inequality

W)~ Walxl)
S ICACOYARED
2t Ws(Ix()D)ds < ¥ 23)

Holds. Moreover, if f_tooqbl (t,s)ds < B for some positive

constant B, then all solutions of (1.1) that start in D are uniformly
bounded.

Proof let M = A;/A, for any initial timet,, let x(t) be any
solution of (1.1) with x(t) = ¢(t), for — o <t < t,. Then,

%(V(t,x(t))eM“‘to)) = v’ (t.x(®) + MV(£,x(6)) )| €M~

For x(t) € R™ using (2.2) we get
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d t—to
E(V(t,x(t))eM( )

< l—A3W4(|x|) - As[
+ L+ MAW,(|x|)

t
+ M2, f @1(t, s)W; (IX(S)I)dSleM“‘tO)

=25 [Wa (1) = Wa(IxD) + [, (016 W3 (1x(s)D) -
@2 (t, IWs(|x(s)))ds + L] eM(t=to)

< (A3y + L)eMt-t)
L= KM=t (2.4)
Integrating (2.4) from ¢, to t we obtain,

t

@, (£, )Ws(|x(s)]ds

K K
V(£ 2(0) M < V(e ) + M — o

K
< /12V(t0, ¢) + MQM(t_tO).
Consequently,

K
V(6x(0) < AV (o, 9"t +

From condition (2.1) we have A, W, (|x]) < A,V (¢, x(¢)), which
implies that

el < Wit [} (2123100 + W (16D [, 01 (to,5)ds +

K
E)]; forall t < t,
This completes the proof.

Example 2.1 Consider the scalar nonlinear Volterra integro-
differential equation

X' = a(®)x() + [ B(t,s)x¥3 (s)ds. t = to;x(t) =
¢(t)for—oo <t < t,(2.5)
If

t o
20(t) +f |B(t,s)|ds +f |B(u,t)|du < -1,
— 00 t
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(%) f_; ftmlB(u,s)Iduds,.[;OOIB(t,s)Ids < oo,

And

() 'B(’;'s)l > ftmw(u, $)| du

Then all solution of (2.5) are uniformly bounded.
To see this we let

t [ee]
V(t,x) = x? +f f |B(u, s)| dux?(s)ds.
—oo Jt
Then along solution of (2.5) we have

[0e]

¢
V'(t,x) = 2xx’ +f |B(u, t)|x?(t) du—j |B(t,s)| x?(s)ds

t

t
< 20(t)x? + ZJ |B(t, s)| |x(t)|x2/3(s)ds

+ j;ooIB(u, £)[x2(t) du — f;lB(t' s)|x? (s)ds.

Using the fact that ab < a?/2 + b?/2 , the above inequality
simplifies to

t
V'(t,x) < 20(t)x? +J IB(t, )|(x2(t) + x3/*(s)ds)

+ fOOIB(u, t)|x? (t)du
t

—ft |B(t,s)| x?(s)ds. (2.6)

To further simplify(2.6) we make use of Young's inequality, which
says for any two nonnegative real numbers w and z, we have
weé zf
wz S?+7 ,with 1/e +1/f = 1.

Thus, fore = 3/2 and f = 3, we get
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f |B(t,s)|x3/4(s)ds=f |B(t,s)|Y3|B(t,s)|?/3x3/* (s)ds

— 00 —00

t
< f_m ('B(;’ ), % IB(t, s)|x2(5)> ds

By substituting the above inequality into (2.6), we arrive at

t t
V'(t,s) < <20(t) +f |B(t,s)|ds +J |B(u,t)| du) x2(t)

— 00

_ f;(IB(t,s)I _ng(t’SN)xZ(S)dS il

t IB(t,s
< —x2%(t) —f sz(s)ds +1L,
Where L = gf_toolB(t, s)|ds. By taking W, = W, = W,_x?(t),
W3 = W5 = xz(S) ,/11 = AZ = 13 = 1 And(pl(t,S) =
|B(&,s)|

ft°°|B(u, s)|du,p,(t,s) = T We see that all the conditions

of theorem (2.2) are satisfied. Hence all solutions of (2.5) are
uniformly bounded.

Note that B(t,s) = e *¢=9)  k = 3 will satisfy all requirements of
Example (2.1)

(*) f_; ftmIB(u,S)lduds < ©

L 3(u-s) 1
-3(u-s _
J_Oojt e |duds < 5

t t
1
(*)J |B(t,s)|ds = J |e‘3(t‘s)| ds < 3

0 o T® 1
(**)f |B(u, s)|du = f |e—3(u—s)| du = §e—3(t—s)
t t
B(t,5)| e3¢~
3 3

o] o) 1
= f |B(u,s)|du = f e 3= gy = ~ g=3=s)
t t 3
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Also, we assert that Example (2.1) can be easily generalized to
handle nonlinear Volterra equations of the form

x'=o(t)x(t) + ftB(t, s) f(s,x(s))ds,

Where |f(¢t,x())| < x?/3(t) + M, for some positive constant M.
condition (2.3) did not come into play, which was due to the fact
that r = q = 2. In the next example, we consider a nonlinear
system in which condition (2.3) naturally comes into play.

Example 2.2 let D ={x € R:||x|| = 1}. Let ¢(t) be a given
bounded continuous initial function such that ||¢p(¢t)|| =1, for —
o <t <t, Consider the scalar nonlinear Volterra integro-
differential equation

x'=a(®)x3(t)

t
+f B(t,s)xY3(s)ds,t > ty, x(t)

=q>(t)for—oo<t<t0 (2.7)
20(t) += f |B(t, s)|z+f |B(t,s)|du < —1

f fIB(us)Idudsf (IB(t,s)|+|B(t,s)|5)ds<oo,

* ok w j; |B(u s)Idu

Then all solution of (2.7) that are in the set D are uniformly
bounded.
To see this , we consider the Lyapunov function V(t,s):Rx D —
R+

t o)

V(t,s) = x? +f f |B(u, s)| dux*(s)ds.

—o0 Jt

Then along solution of (2.7) we have
[e%) t
V'(t,x) = 2xx’ +f |B(u, s)|x*(t)du —f |B(t,s)| x*(s)ds

t
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< 20(t)x* + 2f |B(t, )| |lx(®)|]x(s)|3ds

f |B(u, t)Ix“(t)du—f |B(t,s)|x*(s)ds.

By noting that 2|x(t)||x(s)|1/3 < x? (t)x2/3(s) we have from
the above inequality that

‘
V'(t,x) < 20(t)x* +f IB(t, )|(x2(t) + |x(s)|?/3) ds

— 00

+ .l;oolB(u, t)|x*(t)du — f_;IB(t, s)|x*(s)ds.

Next we note that

t t
f IB(t,s)Ixz(t)dt=f |B(t,s)|Y2|B(t,s)|Y?x%(t)ds

t - 4
< f_OOIB(t,s)Il/2 IlB(;’S)I +2 z(t)l ds

Also, using Young’s inequality with e = 6 and f =6/5, we get
x(s)*3|B(t, )| = x(s)2/3IB(t $)IVe|B(t, s)3/
x*(s)|B(t,s)|
<TTEI bs)l,
1 t
V'(t,x) < <20(t) +§f |B(t,s)|ds +f |B(u, t)Idu) x*(t)
— 00 t

t
- j (IB(t, )| - 'B(Z S)|>x4(s)ds +L

¢
< —x*(t) - j_wwx“(s)ds +L

Where L = %f_toolB(t, s)|ds + %f_tooIB(t, s)|?/%ds.By taking
W, =W, =x%(t), Wy=Ws;=x*s),1,=2=2;=1 and
01(t,5) = [T1BwS)ldu, @,(ts) =222 we  see  that
condition (2.1) and (2.2) of theorem 2.2 are satisfied. Left to show
that condition (2.3) hold. SlnceslB(”)I > ft°°|B(u, s)| du we have,

for x € D that
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W, (Ix]) = Wa(lxD)

+ f (016, W [x(5)| — 95 (¢, $IWs|x(s))ds

t ® 5|B(t,
= x2(t) — x*(t) +f (f |B(u,s)| du —%S)l
— 00 t
<x*(1-x?<0.
Thus, condition (2.3) is satisfied for y = 0. An application of
theorem (2.4) yields

. K\
lp2(to)| + W (ld’lf ®1(to,s)ds +M>]

>x4(s)ds

lx(O] <

< [1 +f f |B(u,s)|du +Ml ,forallt >t
— 00 tO
Hence, every solution x with x(t) € D satisfied
ty (oo x11/2
1< k@) < [1+ [ [T1B@ )l du+5] 5 fort = 0.0

Note that B(t,s) =e ¥t=%) k =¢6/5 will  satisfy all
requirements of Example 2.2.

t [e%)
* j J |B(u,s)| duds < o
—oo Jt

t [ee]
f f |e‘6/5(u‘s)|duds < E
) 36
5

t t
* f |B(t,s)|d5=f |e6/5(t‘s)|dsSg

— 00

(o] o) 5
* % J |B(u,s)|du = j |e—6/5(u—s)| du = 88_6/5(t_5)
t

t
5|B(t,s)| 5e¢/5(t=s) J°°
= = |B(u,s)| du
6 6 .

— J e—6/5(t—u)du — 26—6/5&—5)

k%

t
In the next theorem we show that solutions are bounded.
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Theorem 2.2
Let D be a set in R™. Suppose there exist a continuously
differentiable Lyapunov function
V:D — R* that satisfies
M @OW(Ix]) <V (¢, x)
< 1, W,(|x|)

2,00 j o2 (OW; (x(s))ds 2.8)

and
V'(t,x) < —A3(OW,L(Ix])

— 25(0) f 9 (t, )Ws(Is)ds

+L (2.9)
for some positive continuous function A,(t),A,(t),A;(t) and
positive constant L, where A,(t) is non decreasing and ¢;(t,s) =
0 is a scalar function continuous for —o <s <t < oo,i = 1,2
such that for some constant y > 0 the inequality

ACIRIACHY
+ f (016, HWs(1x()])

— 2 (t, 9 )Ws(|x(s))) ds <y (2.10)
hold. Moreover, if f_too ¢,(t,s)ds < B and A3(t) < N for some

positive constants B and N, then all solution of (1.1) that stay in D
are bounded.
Proof
Let M = inf epr 282
2A2(t)
For any initial time ¢ty let x(t) be any solution of (1.1) with

x(ty) = ¢(t,). By calculating
%(V@ x(£))eM =)
And then by a similar argument as in Theorem 2.1 we obtain,
V(t,x(t)) < A, (to)V (to, ) + %e‘““‘to)

+ K 2.11
- 211)
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Where K = Ny + L. Consequently,
K
V(t,x(t)) < 22(to)V (to, ) + e ME0) 4 —

M
Since A, (t) is nondecreasing we have for t >t, = —oo

K
wi(lx)) < A.(t )(Az(to)V(tO, (;b)e_M(t to) 4 M)

1 K
< Ay (E)V (Lo, p)e ME-to) 4 )
< i (k@ 9 ud
Hence,
”x” < Wy [ ! (/1 (t)V(t d))e M(t—to) + K>]
T N\ M
This completes the proof.
O

The proof of the next theorem can be found in [9].

Theorem 2.3 Suppose that there a continuously differentiable
Lyapunov functionalV: R* x R™ —» R™ that satisfies
MlxlP < V(t,x), V(t,x)#0if x #0(2.12)
and
V'(t,x) < —2,()Vi(t, x) (2.13)
for some positive constants A;,p,q > 1 where A,(t)is a positive
continuous function such that
c, = t>it13£0 A, (t) > 0. (2.14)
Then all solutions x(t) of (1.1) satisfy
ll] < 1/A4377 (V19 (to, §) + &1 (q = D¢ = t)] V@ D/,
As an application of the previous theorem, we furnish the
following example.
Example 2.3 To illustrate the application of Theorem 2.3, we

consider the following two dimensional system of nonlinear
Volterra integro-differential equations

vi=v, =il =38 | BE O :()ds

t
Vi =1 = Valyal — ¥2y, f C(t, )9 (71 (5), y2(s))ds
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1 (D), =y2(1)) = (@1(8), 92 (1)),

For some given initial  continuous and  bounded
functionsg (t), p,(t), — o <t <t,.

The scalar functions |B(t,s)|, C(t,s) are continuousin t and s
and|B(t,s)| = |C(t,s)| . Also, the scalar f(y,(s),y,(s)) and
g(1(s),y,(s))are continuous in y; andy,.We assume
thatf (y1(s),y2(s)) > 0,|g(71(5), y2())| < F(3:(5), y2(s)), for
all y;,y, €R.

Let us take V(y4,y,) = %(y1 + y2).Then

Vt’(yl,yz) = yi |yl = ¥3 1yl
273 BEIr () :()ds

- f C(t, $)g(y1(5),y2())ds)

—(yal? + [yl )+y1yzf (1Cet )|

— B, s)Df (yl(S) y2(s))ds
vil®  1y2l®
< -2
< -2 > + > ]
_ _2[(I3/1I2)3/2 4 (Iyzlz)m]
2 2
=2(|y1|? + |y2|?)3/2273/2
= _2V3/2(J’1:}’2)
where we have used the inequality
a+b at b
( )! <o+, ab>0, I>1

Hence, by Theorem 2.3 all solutions of the above two dimensional
system are uniformly bounded.
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ABSTRACT

This study deals with the ability of geopolymers mortar
synthetized from industrial waste of treated palm oil fuel ash
(TPOFA) containing aluminosilicate activated with alkaline
activator solution. Geopolymers are inorganic polymers formed by
the activation of amorphous aluminosilicate (Al20s.Si0O2), which
react in a strongly alkaline medium. 10M NaOH, Na2SiO3:NaOH
with a 2.5 weight ratio, and alkali-activator: solid-material with a
0.47 weight ratio were used as the alkaline medium. The
production of geopolymer mortar synthesized from TPOFA is
currently underway at Universiti Sains Malaysia (USM); the
results of the experiments that are in progress show that the
TPOFA-geopolymer mortar achieved a compressive strength of 19
MPa after only 1 day of curing. The properties of the TPOFA-
based geopolymer mortar were further analyzed via Fourier
transform infrared spectroscopy (FTIR), X-ray diffractography
(XRD), thermogravimetry (TGA/DTA) , field emission scanning
electron microscopy (FESEM), and energy dispersive
spectroscopy (EDS) analysis. All results of the analyses show that
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the main binding phases are the tridimensional tecto-
aluminosilicate type gel.
Keywords: Geopolymer, TPOFA, tecto-aluminosilicate.
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1. Introduction

Geopolymer is formed by dissolving aluminosilicate materials in a
highly alkaline solution, to produce tridimensional tecto-
aluminosilicate binder [1]. Nonetheless, not all source materials
used for geopolymer synthesis could be able to produce the
tridimensional tecto-aluminosilicate binder, except kaolinite [2].
Therefore, geopolymer synthesis is dependent on the use of
material rich in aluminum-silicate glass activated with alkaline
solutions [3]. Most of the research commonly used source
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materials rich in Si and Al such as kaolin [4]. Research has also
been conducted on industrial wastes such as fly ash and slag due to
their high silica and alumina contents with little or high CaO
contents, respectively [4]. The potential of POFA, as a source
material for geopolymer synthesis has not been adequately
explored and most of the previous research studies were limited
only in a few countries in particular Malaysia and Thailand
compared to other waste materials [5].

POFA is a by-product from the burning of empty fruit bunches,
kernel shells, and fibers to heat up boiler for generating electricity
in palm oil mills [5]. Large amounts of POFA are produced in
Malaysia, Thailand, and Indonesia, and it is expected to increase
annually [6]. Most of the POFA are disposed in landfills which
may contribute to environmental problems in the future [7].
Therefore, many research works have been conducted to find
suitable solutions for the proper disposal of POFA [8-10].
Recently, Megat Johari et al. [5] utilized grinding and heating
processes in order to remove the excess carbon content and to
reduce the median particle size of POFA to about 2.06 pm. A
highly efficient pozzolan was obtained through the treatment
processes. The treated POFA (TPOFA) was utilized to improve the
engineering and transport properties of high performance concrete
(HPC). TPOFA in amounts of up to 60% of the overall binder
content was used to produce green HPC but the remaining 40%
of Portland cement (OPC) still causes emission of greenhouse
gases. The use of geopolymer to substitute OPC in the production
of HPC can potentially reduce CO2 emissions by 0.836 ton of CO>
per ton of binder replaced (OPC generates 1 ton CO2 per ton of
binder; geopolymer generates 0.164 ton CO per ton of binder)
[11]. So far, no research has reported the synthesis of geopolymers
using TPOFA as the source material, indicating the innovative
nature of this research.

Ariffin et al. [12] reported the production of geopolymers using
untreated POFA combined with pulverized fuel ash (PFA) which
was reacted with an alkaline activator at a ratio of 30:70 (POFA
:PFA); producing geopolymer with compressive strength of 30
MPa after 28 days of curing. Therefore, this work presents the first
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effort to explore and quantify the potential application of TPOFA-
based geopolymer mortar. The use of high amounts of TPOFA will
also help reduce CO, emission, preserve natural resources as well
as protect human health. Thus, the motivation of this research can
be summarized as follows: [i] innovation by synthesizing
geopolymers using high volume of TPOFA which has not been
reported in the existing literature, and [ii] reuse industrial waste i.e.
TPOFA through geopolymer technology to convert industrial by-
products into useful materials. Subsequently, this effort could be
very useful for environmental protection purposes by minimizing
the burden of landfills as well as providing alternative binders to
meet the increase in demand for ordinary Portland cement. This
scenario has created great interest among researchers, especially
those from palm oil producing countries.

One of the biggest advantages of geopolymer synthesis, which may
very likely be its greatest weakness as well, is that the raw materials
used in synthesizing geopolymers are incredibly diverse as it can be
produced using different materials [13, 14] and there are only few
restrictions imposed on the purity, particle size, composition or
morphology of the materials. As suggested by previous researchers
e.g. Duxson et al. [15], more efforts should be made to investigate
the geopolymers induced under some particular  reaction
conditions, such as utilization of new raw materials and low
temperature synthesis. Therefore, this research is focused on
geopolymer development by utilizing cheap and plentiful
aluminosilicate material or industrial by-products (TPOFA) to
fabricate products with excellent mechanical and physical
properties. This green geopolymer (TPOFA-based geopolymer
mortar) is currently being developed at Universiti Sains Malaysia
(USM) based on the most acceptable synthesis properties.

2. Materials and Methods

2.1.1 Source material

The collected raw POFA from a palm oil mill in Nibong Tebal,
Penang, Malaysia was treated to form (TPOFA). The treatment
process was followed as per previous research [10]. The final form
of TPOFA as dry source material is shown in Fig. 1. The chemical
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and physical properties of the TPOFA in this study are provided in
Table 1. TPOFA particles are mostly crushed particles, irregular
and angular in shape, as shown in Fig 2. The particle size
distribution curve of TPOFA is shown in Fig.3. Treated POFA is
classified as a class F mineral admixture according to ASTM C618
[16].

Table 6: Chemical compositions analysis using XRF technique and
physical properties of TPOFA [10].

Chemical Component (%)
SiO, 61.33
Al;O3 7.018
Fezos 5.11
CaO 8.20
MgO 4.69
P,Os 4.55
K20 6.50
SOs 0.27
TiO; 0.25
MnO 0.097
Na.O 0.123
C 1
Physical properties
Specific surface area (m#g) 1.775
Loss on ignition (%) 2.53
Median particle size (um) 2.06

Figure 1: The ffeate POIEA (TPOFA)
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2.1.2 Alkaline activator

The NaOH pellets and NaSiOz were utilized to prepare a
composite of alkaline activator solution. The NaOH as an
analytical grade in pellet form, with 98% purity. The commercial
Na2SiOz with less transparent in viscous liquid form, consists of
14.7% Na0, 29.4% SiO2, and 55.9% H>O with a specific gravity

241 Copyright © ISTJ ks gine okl (3 gia
Ayl g o slell 40 sal) dlaall



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Wb Aoyt Volume 26 STJ%

of 1.53 g/cm?® at 20°C and a silica modulus (Ms, where Ms =
Si02/Naz0) of 2 was used.

2.1.3 Aggregate

The river sand passing through a 1.18 mm sieve and retained on a
150 um sieve, with a fineness modulus of 2.8 and specific gravity
of 2.65 was used for the mixes

2.2 Design of Mixtures

The mixture consists of dry source material TPOFA, alkaline
activator, and sand. The ratio and the concentration of the alkaline
activator preparation were chosen based on previous researches
[10]. The prepared alkaline activator was more viscous, which
make the fresh mix cohesive and sticky. Therefore, the fresh
properties of the mix were enhanced via added water was used
with a 5% by weight ratio of geopolymer paste [17]. However, an
increase in water content in the mix increases the workability and
reduces the compressive strength results. To solve this matter the
calculated amount of additional water was prepared as 8 M NaOH
concentration. All of the geopolymer mortar samples were made
with sand to solid material weight ratios of 1.5, as described in
Table 2.

Table 2: Mixture proportions of TPOFA-based geopolymer
mortar (Kg/M?3)

TPOFA Sand Na-silicate 10 M Add water
(kg) (kg) (kg) NaOH (kg)
(kg)

761.831 1,142,745  253.757 102.303 55.994

2.3 Specimens Preparation

The mixture consist of source material and alkaline activator
solution. The dry source material of TPOFA was weighed. Then,
the alkaline activator solution was prepared as described in our
previous research work [10] and measured as per the design
mixture described in Table.2. After the solution was prepared, the
sand was weighed. Thereafter, a Hobart N50 paddle mixer was
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used to produce the geopolymer as illustrated ASTM C305 [18].
Two speed selection transmission i.e. low speed and medium
speed of 140+ 5 and 285 + rpm, with a planetary motion of
approximately 62 rpm and 125 rpm, respectively. The TPOFA
was mixed for 30 seconds at low speed to evenly distribute it in
the bowl. Then, the activator solution was added and mixed for 30
seconds at low speed. Sand was slowly added into the mix and
followed by 30 seconds mixing at low speed. The mixer was
stopped, change to medium speed and mixing process continued
for 1.5 Minutes. The mixing was stopped for 15 seconds and the
mix was manually scraped from the bowl sides and paddle. The
mixing process was continued at medium speed for 1 minute.
Right after the mixing, the workability of the fresh geopolymer
mortar was determined using a Flow Table. The Flow test was
carried out as per ASTM C1437 [19].

After the flow test, the fresh mortar was cast into 50 mm x 50 mm
x 50 mm steel molds in two layers. The specimen was compacted
using the method described in ASTMC109 [20]. This was
followed by an additional vibration of 10 s using a vibrating table.
The specimens were wrapped with cling film to avoid moisture
evaporation, allowed to stand for 1 h at 25 °C and then cured at
70°C for 24h [21]. Finally, the specimens were left under room
temperature maintained at 23+2 °C, 70% relative humidity until it
was time for testing.

2.4 Specimens analysis

The specimens were tested for compressive strength according to
ASTM C109M [20]. The test was performed on three specimens
from each mixture. The specimen at age of 28 days was also
analyzed by X-ray diffraction (XRD), Fourier transforms infrared
spectroscopy (FTIR), Thermogravimetric analysis/Differential
thermal analysis TGA/DTA analysis, and Field Emission Scanning
Electron Microscopy (FESEM) with energy dispersive X-ray
(EDX) analysis. XRD was used to determine the phases present in
the specimen. Analysis was carried out using XRD machine
(Bruker D8 Advance) with CuKa radiation (1.5406 A) from 10 to
90 of 20°. Diffraction patterns were then analysed using Expert
HighScorePlus software. FTIR was used to identify the different
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types of chemical bonds in the materials on a molecular level. For
FTIR, the equipment used was Perkin-Elmer Spectrum One.
Approximately 5 mg of powdered specimen was mixed with 95
mg of potassium bromide (KBr) and ground using an agate mortar
and pestle. The powder was pressed for 2 min under 2.758 MPa
using hydraulic pressing to prepare the translucent pellets which
were then inserted into the infrared spectrometer. The infrared
spectra were recorded in the range of 400-4000 cm™. FESEM with
EDX analysis was performed on the fractured surface of the
specimen. The FESEM machine (model Zeiss Supra 35 VP) was
used to characterize the specimen. Each specimen was mounted on
a specimen holder using carbon tape. The specimen was then
coated with gold to enhance image resolution and avoid
electrostatic charging. The coated specimen was then placed inside
the FESEM specimen chamber for character analysis. TGA/DTA
analysis was used to analyze the thermal behaviors of TPOFA-
based geopolymer mortar powdered specimen to ensure the
achievement of thermal equilibrium during transient heating [22].
Simultaneous TGA and DTA were performed using an instrument
called Shimadzu DTG-60/60H. 15-20 mg of the specimen was
placed in a platinum pan and heated to nitrogen atmosphere from
25 °C to 1000 °C at 10 °C/min in the same gas environment.

3. Results and discussion

3.1 Workability and Strength of TPOFA-based geopolymer
mortar

Fig. 4 shows that the flow of TPOFA-based geopolymer mortar
(TPOFAGM) was in the range of 155 + 5%. In contrast, several
other authors reported placement difficulties related to the low
workability of geopolymeric mortars which were produced using
different source materials such as metakaolin, slag, fly ash, and
lignite bottom ash with flow ranges between 110 + 5%-135 + 5%
[17, 23-26]. Therefore, this could be linked to the particle shape
which has a significant effect on particle-fluid interaction. The
dispersion and turbulence modulation characteristics for non-
spherical particles may be significantly different from spherical
particles.
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Figure 4: Flow table used to easure the workability of TPOFA-
based geopolymer mortar

The compressive strength development with curing time of
TPOFA-based geopolymer mortar is shown in Fig 5. The
compressive strength increased with the increase in curing age.
The strength at 1 day curing time was 19 MPa which is about 70%
of the total strength. High compressive strength observed in
TPOFA-based geopolymer mortar was linked to the advantages of
flow of mixture obtained in the range of 155 + 5%. This value is
far better than those obtained when using other source materials to
produce geopolymer. For example, kaolin-based geopolymers only
gained 6 MPa at 180 days of curing [27], while other recent
research which used kaolin-based geopolymers only gained 15
MPa after 28 days curing [28]. In addition, geopolymers produced
using tungsten mine waste mud gained only 1-3 MPa after 42 days
[29] curing. Moreover, the synthesis of geopolymer from mixture
of red mud and rice husk ash only gained compressive strength in
the ranges from 3.2 to 20.5 MPa between the ages of 14-49 days
[30] and the synthesis of geopolymer from biomass fly ashes gain
a compressive strength of 18 MPa after 10 days [31]. Hence, the
geopolymerization result from the TPOFA-based geopolymer
mortar as compared to geopolymerization resulted from different
raw materials is far better, owing to the fact that the starting raw
materials play a significant role in the geopolymerization result
and affect the mechanical properties and microstructure of the final
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geopolymer products. Theoretically, the Si—-O-Si bonds are
stronger than those of Si—-O-Al and AI-O-Al [32], implying that
the strength of geopolymers should increase with the Si/Al ratio
because the density of the Si—O-Si bonds increases with the Si/Al

ratio [30].
1 7 14 28
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Figure 5: Compressive strength of the investigated specimens
TPOFA-based geopolymer mortar
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3.2 Chemical Bond Development Analysis Using FTIR

Fig. 6 is the FTIR analysis for the source material TPOFA (Fig.6a)
and alkali-activated TPOFA products (Fig. 6b). The two different
spectra can be easily distinguished from one another. TPOFA
exhibiting a broad band around ~1,103 cm™ is associated with the
asymmetric stretching of Si—-O-Si bonds of SiO, along with a
vibration mode at ~474 cm-1 attributed to the bending of Si—O-Si
and O-Si—O bonds [33]. A band at 693 and 713 cm™ is associated
with the asymmetric vibration mode of the quartz double band
[34], a band at 795 cm-1 is attributed to the bending vibration
mode of the Si—-O-Si bonds [35], a band at 875 cm-! is associated
with the asymmetric vibration mode of the Al-O-H [36], a band at
~1,445 cm is associated with the asymmetric vibration mode of
the O-C—O bonds in carbonates, while a band at 3600-2200 cm
is attributed to the stretching vibration mode of the (—-OH, HOH)
[37].

The differences between the FTIR absorption frequencies for the
source material TPOFA and TPOFA-based geopolymer mortar
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products could provide evidence of effective geopolymerization in
this study, as indicated in Fig. 6 (a,b). The vibration band at 474
cm? shifted to a lower frequency in the ~455 cm™ region and is
attributed to Si—O bending vibrations (N-A-S-H) which provides
an indication of the degree of ‘‘amorphisation’” of the material,
since its intensity does not depend on the degree of crystallisation
[38, 39]. New weaker vibration bands at ~604 cm™ and ~ 776 cm’
! are attributed to the bending vibration mode of the Si—-O-Al [38].
While the vibration band at ~880 cm™ s attributed to sodium
bicarbonate deformation band [34]. The strongest vibration at 1103
cmt in TPOFA shifts to lower frequencies at 1012 cm™ due to
asymmetric stretching (Si—O-Si and Al- O-Si) bonds , Si-O
stretching, and OH bending (Si—-OH) in TPOFA-based geopolymer
mortar products [40]. FTIR spectroscopy is, however, a possible
and simple method for the monitoring of geopolymerization
reactions and formation of hard structure. The common
atmospheric carbonation of the geopolymer was revealed by the
band centered at 1500-1400 cm™, which indicated the appearance
of O-C-O stretching vibrations. Another interesting finding
related to geopolymerization includes the significant bands located
at approximately 3467 cm™ and 1648 cm™ for the O-H, H-O-H
stretches and H-O-H bending, respectively [37].

@)

(b)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (Cm™)

Figure 6: The FTIR analysis for (a) TPOFA and (b) TPOFA-based
geopolymer mortar
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3.3 Mineralogical analysis

X-ray diffraction patterns irrespective of the material studied
(original or activated TPOFA) are shown in Fig. 7. The phases
found in raw TPOFA are similar to those in XRD patterns
observed by previous researchers [10, 21]; they contain quartz,
cristobalite, and K3Al2(PO4)3 as shown in Fig. 7a. However, the
XRD diffractograms of the alkali-activated TPOFA, as shown in
Fig. 7b, indicate the formation of two phases during the
geopolymer synthesis. The characteristic peaks observed
corresponded to quartz (ICSD no. 98-010-7204) and anorthite
(ICSD no. 98-002-1580). An important deduction that can be made
from the presence of the main significant phase i.e. anorthite is that
it indicates the formation of high quality binder [41]. A binding
matrix derived from the tecto-aluminosilicate containing Na and
Ca obtained by reacting source material TPOFA with alkaline
activator  characterized by the  chemical formula
(Na.s5Cass)(Alls5Si2.4508) (sodium calcium tecto-alumosilicate) 3-
dimensional structures. Preferably, the tecto-aluminosilicate
cement should contain at least one alkali hydroxide [42].

XRD analysis indicated that the dissolution of calcium promoted
an ion exchange process with sodium from the 3D aluminosilicate
network; this explains the formation of gel binder sodium calcium
tecto-alumosilicate in the TPOFA-based geopolymer mortar. The
calcium dissolution behaviour was also reported by Rowles and
O'Connor [43] who observed the solubility of Ca in the Na.SiOs
activating solution and the consequent presence of this element in
the geopolymeric gel. Indeed, the TPOFA contains calcium and
during the dissolution/polycondensation phase, Ca leached out of
the Ca-containing precursor particles readily and was incorporated
into the matrix. This is generally attributed to the 3D
aluminosilicate gel [44].
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Figure 7: X-ray diffraction patterns of (a) source material TPOFA, and
(b) TPOFA-based geopolymer mortar

3.4 FESEM-EDX analysis

Fig 8a. shows a micrograph of the surface of TPOFA-based
geopolymer mortar specimen at 28 days. It is clear that the
geopolymer microstructure is quite dense with minimal
microcracks. EDX microanalyses on specific specimen indicate the
presence of various elements i.e. Na, Ca, Si, Al, and O. Therefore,
the binder gel was the result of the bond-formation between all of
these elements.

The micrograph also shows the formation of needle crystals. As
shown in Figure 8b, the SEM analysis for the needle-like crystals
containing mainly SiO> with small amount of Ca and Na.
However, previous work [44] reported that these are mainly rich in
Na and Ca by EDX analysis and they are probably carbonates. The
needle crystals were also indicated in other research and there was
no explanation provided [45].

The observation from XRD, FTIR, and FESEM-EDX is very well
correlated and explains the formation of gel binder sodium calcium
tecto-aluminosilicate in the TPOFA-based geopolymer mortar.
This gel binder is responsible for the high compressive strength
which was proven in the experimental works.
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Figre 8 (a and b): SEM-EDX results of TPOFA based geopolymer
mortar

3.4 Thermogravimetry result

TGA/DTA was used to determine water evaporation rates and
predict damage of inorganic polymer structure under specific
heating conditions. Fig 9 shows the results of the TGA/DTA
analysis of the TPOFA-based geopolymer mortar specimen cured
at 70 °C for 24 hours followed by 28 days curing at room
temperature. The decrease in weight peaked at the 72 °C , as
indicated by the DTG curve, belongs to the loss of some volatile
materials from the dehydration/dehydroxylation process. The
derivative weight loss curves in the range of 25-100 °C indicated
by TGA was approximately 17.5%. Additional weight loss at the
thermal interval between 100 °C and 600°C with a weight loss
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percentage of 8.9%, belongs to organic matter volatilization, and
dehydration/dehydroxylation process [46]. Total deterioration of
tecto-aluminosilicate main gel binder occurs at the region between
600-800 °C, as indicated by the DTA curve. The percentage of
weight loss for the tecto-aluminosilicate gel binder was 3.3%, as
calculated by TGA. The total percentage of weight remaining after
exposure at 1000 °C was ~69%. The details of weight loss are
given in Table 3.

These results reflect the high quality of TPOFA-based geopolymer
mortar binder production and its thermal stability under exposure
to temperatures up to 600 °C [10]. It should be emphasized that
TGA curves in Fig. 9 are of a smooth nature. No peaks were
observed which proves the absence of hydrates in the crystalline
form, e.g. Ca(OH)2 or CaCOs.

Table 3: Mass loss at different temperature ranges based on TGA
analysis

800
Temperatur  25- 100- 200- 300- 400- 500- 600- -
e (°C) 100 200 300 400 500 600 800 100
0
Wi. Loss 17.4 0.5
(%) 90 3.667 1.657 1431 1.196 0.873 3.295 88

TPOFAGMUSN DTA
1200 - TPOFAGMUSN TGA
— 20.00
110.0
-4 0.00

100.0¢-

- -20.00

- 40.00

.00 200,00 7000 500.0 800,01 1000.0'

Figure 9: TGA and DTA results of TPOFA-based geopolymer mortar

251 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o slell 40 sal) dlaall



26 daxd) g oyl 3050 L

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

4. CONCLUSION

The production of TPOFA-based geopolymer mortar in this
research achieved greater utilization of industrial waste (TPOFA)
to produce a green geopolymer with highly workable mixture and
high compressive strength (19 MPa) in only 1 day. The use of
analytical techniques (XRD, FESEM-EDX, and FTIR) provided
useful information regarding the quality, morphology, and
characteristics of the gel formation of the tecto-aluminosilicate
binder. In addition, the stability of this tecto-aluminosilicate binder
at elevated temperature of up to 800 °C was confirmed by
DTA/TGA analysis.
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Abstract

Mobile cloud computing (MCC) is a combination of cloud
computing, mobile computing, and wireless networks. However;
due to their capabilities, mobiles bring rich computational
resources to mobile users. On the other hand, cloud computing is
used to describe data centers available to many users over the
internet. Today, large clouds predominant have functions
distributed over multiple locations from central servers. This paper
presents an overview study of cloud computing and mobile cloud
computing. The study covers delivery and deployment models of
cloud computing, as well as the main features of mobile cloud
computing.

Keywords: cloud computing, MCC, mobile cloud applications.
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1. INTRODUCTION

New data storage, processing and display technologies have
allowed mobile devices to do nearly anything that had previously
been traditionally done with larger personal computers. Moreover;
these devices day by day improved in their capabilities, and get
dropped in their prices. In contrast, due to mobile devices
portability nature, they have limited resources such as computation
power, screen size and battery power when compared with
personal computers. In recent times, however, the cloud
applications have been gaining popularity and there are some
really good reasons for the same. It is natural for a beginner or an
application novice to be befuddled by the technical jargons that are
thrown around, while talking about Mobile Cloud Applications
and mobile Cloud Computing. Figure 1 below shows the growth of
mobile cloud applications.

Growth curve of Mobile Cloud Apps through the years
2014-2018(till March)
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Fig. 1 The growth of mobile cloud applications

2. CLOUD COMPUTING

Cloud computing dates back to the 1950s. It is not a technology,
rather it is one of the computing models, and considered as another
version of internet technology. Over the years, it has evolved
through many phases including grid and utility on-demand
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computing. While cloud computing brings great opportunity, it can
also introduce challenges for business leaders and IT departments.
Inconsistent performance and security problems are the most
common disadvantages that continue to affect the perceptions
about cloud. It is another version of internet technology. It can
provide network resources, CPU, RAM, Storage and Software
resources over the web. Cloud computing is characterized with two
main models i.e., the delivery models and the deployment models.
Figure 2 shows these characteristics.

Cloud Computing
A,

A

=3

e © Ell o© EEA © -

-

)

Fig. 2 Cloud computing Characteristics

2.1 DELIVERY MODELS

In cloud computing, delivery models or types are classified into
three models based on service delivery.
2.1.1 Infrastructure-as-a-Service (laaS)
In this model, the service providers allow the client to access the
virtual servers in their data center. The clients are able to use
virtual servers i.e., the row hardware, in its all without the need of
infrastructure maintenance [1].
When compared with the other two delivery service models, laaS
shows the most flexibility inspired from its architecture and usage
in other words, the client can enjoy the flexibility as well as the
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scalability without having to worry about the physical server's
maintenance or hardware addition to the existing infrastructure.
Benefits of using laaS model are:
e No Capital Investments
Expand as You Grow
Flexible Options
Focus on What You Do Best
Latest and Greatest Technology
Get Started Immediately
Anytime, Anywhere Access
Tight Security Controls

2.1.2 Platform-as-a-Service (PaaS)
This model is different from laaS in terms of software tools i.e.,
operating system, database, and some other necessary software
tools, that are used to develop and run the software in the cloud. It
does not support the client hardware maintenance too. However,
the trade off with the PaaS model is that the service providers will
lock down the service, and the clients will not be able to use their
own developer tools [1].
Benefits of using PaaS model are:

e Innovate Faster
Focus Resources
Save Money
Get the Best Technology
Stay Up to Date
Maximize Uptime
Scale Easily
Strengthen Security
Get the Best Support

2.1.3 Software-as-a-Service (SaaS)

Similar to the previous models, the clients in this model does not
have to perform any maintenance for the hardware, platform or
software. The clients access and use the application software
provided. However, this model provides the least flexibility in
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comparison with the two other models since the clients can only
use the applications and software provided by the provider. The
capability provided to the consumer is to use the provider’s
applications running on a cloud infrastructure. The applications are
accessible from various client devices such as a web browser (e.g.,
web-based email).
Benefits of the SaaS model include

e SaaS is a software distribution model in which a third-party
provider hosts application and makes them available to
customers over the Internet.
Flexible payments
Scalable usage
Automatic updates
Accessibility and persistence

2.2 DEPLOYMENT MODELS

National Institute of Standards and Technology NIST
defines four cloud deployment models: public clouds, private
clouds, community clouds, and hybrid clouds. A cloud deployment
model is defined according to where the infrastructure for the
deployment resides and who has control over that infrastructure.
Deciding which deployment model, you will go with is one of the
most important cloud deployment decisions you will make.
Each cloud deployment model satisfies different organizational
needs, so it’s important that you choose a model that will satisfy
the needs of your organization. Perhaps even more important is the
fact that each cloud deployment model has a different value
proposition and different costs associated with it. Therefore, in
many cases, your choice of a cloud deployment model may simply
come down to money. In any case, to be able to make an informed
decision, you need to be aware of the characteristics of each
environment [2].

e Private Cloud

The cloud is used or operated by single organization. They are
more secure and able to address privacy concern than public cloud.
On the other hand; they are more expensive. Such infrastructure
may be managed by the organization itself to support various user
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groups, or it could be managed by a service provider that takes
care of it either on-site or off-site.

e Community Cloud
Community Cloud supports multiple organizations sharing
computing resources that are part of a community; examples
include universities cooperating in certain areas of research.
Members of the community are allowed to access the cloud
environment. It may be managed by the organizations or a third
party and may exist on premise or off premise.

e Public Cloud
Non-mission-critical tasks such as file-sharing, and e-mail service
is the public cloud. It supports all users who want to make use of a
computing resource, such as hardware (OS, CPU, memory,
storage) or software (application server, database) on a
subscription basis. The infrastructure is made available to the
general public and is owned by an organization selling cloud
services.

e Hybrid cloud
An interconnected of private and public cloud infrastructure
produces Hybrid cloud. It is a composition of two or more clouds
I.e., private, community, or public. This model is made used by
many organizations when they need to scale up their IT
infrastructure rapidly, such as when leveraging public clouds to
supplement the capacity available within a private cloud. For
example, if an online retailer needs more computing resources to
run its web applications during the holiday season it may attain
those resources via public clouds.

3. MOBILE CLOUD COMPUTING

The significant increase of mobile subscriptions is due to the rapid
advance in mobile computing, wireless technology, and
networking. Over the last few years, the Mobile Cloud Computing
grows rapidly. One of the key factors contributing to this growth is
the growing demand for enterprise mobility. They offer the
advantages to users by allowing them to use infrastructure,
platforms and software by cloud providers at low cost and
elastically in an on-demand fashion [3]. Mobile Cloud Computing
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refers to an infrastructure where both the data storage and data
processing happen outside of the mobile device. Mobile cloud
applications move the computing power and data storage away
from the mobile devices and into powerful and centralized
computing platforms located in clouds. The access is done over the
wireless connection based on a thin native client. MCC is a Mobile
Computing + Cloud Computing.

3.1 MCC Architecture

The operation nature of the MCC gives its entire architecture. In
performing its functions, mobile devices are connected to networks
via base stations. Those stations establish and control connections
and functional interfaces between the networks and mobile
devices. In this architecture, information and requests are
transmitted to the central processors that are connected to servers
providing mobile network services. Cloud controllers process the
requests to provide mobile users with the corresponding cloud
services. Mobile cloud computing architecture is presented in
Figure 3 below.
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Fig. 3 Mobile Cloud Architecture

3.2 MCC Advantages
Due to its architecture, mobile cloud computing has a significance
over other structures [4]. In short, MCC cause to:
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e Extending battery lifetime.

e Improving data storage capacity and processing power.

e Improving reliability and availability.

e Dynamic provisioning.

e Scalability.

e Multi-tenancy.

e Ease of integration.
3.3 MCC Disadvantages
On the same way, and due to its nature and architecture, MCC has
certain disadvantages i.e., its applications can’t use specific
devices software and hardware such as GPS, camera, and etc. They
can only make use of browser notifications. In addition, Mobile
cloud applications are totally cloud dependent and hence, they may
suffer from connection problems. They have to deal with
connection bandwidth drop problems, connection disconnected
problems and etc. [5].

5. CONCLUSION

This paper presents an overview of cloud computing and mobile
cloud computing. The delivery and deployment models for cloud
computing are discussed in detail. MCC architecture, advantages
and disadvantages are presented too. MCC issues including
security, data offloading in static and dynamic environments can
be done as a future work that must be considered when designing a
mobile cloud in order to make sure that non-authorized users will
not be able to access sensitive information and data on the cloud.
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Abstract

With the wide-ranging application of flying ad-hoc networks
(FANETS), which have received more attention from the industry
and research community in recent years. The high demand for
continuous network connectivity with reliable and robust
communication becomes a challenging research topic. Most
researchers investigated the existing routing protocols in the
network layer, but there is no attention paid to the transport layer
and its associated protocols in FANETSs application domain, and it
is still an open research issue. In this paper, we examine through
simulation scenarios the performance characteristics of three
existing TCP (Transmission Control Protocol) congestion controls
mechanisms, namely: Westwood, High-speed and TCP-Illinois.
The focus is to investigate whether any existing mechanism could
provide significant performance benefits over FANETs. To
evaluate the performance of our proposed simulation, we use
Network Simulator-3 (NS-3) to examine throughput and end-to-
end delay metrics under a variety of density (number of UAVS),
speed (mobility speed of UAVS) measurement scenarios and
number of flows. The simulation results have shown that all those
TCP mechanisms have a poor performance in term of throughput
and end- to-end delay, hence, none of them can help to provide
reliable and guaranteed end-to-end data delivery over an unreliable
network.

Keywords: Flying Ad hoc Networks, Transmission Control
Protocol, NS-3.

1. Introduction

The research community around the globe paid more attention to
ad-hoc networks, in recent years, due to their advantages in wide
range of applications such as: military Services, Security
maintenance, calamity administration and Search/Rescue
Operations.
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The ad-hoc network consists of interconnected links originating
from multiple “nodes". Nodes can take the form of systems or
devices (e.g. laptops, mobile phones, MP3 player and personal
computers etc.). There are three main categories of Ad-hoc
network, they are MANET (Mobile Ad-hoc Network), VANET
(Vehicular Ad-hoc Network) and FANET (Flying Ad-hoc
Network).MANET is formed by a collection of wireless mobile
nodes without depending on any infrastructure. Therefore, it has
featured by dynamic topology and self-configuration [1,
2].VANET has formed by a collection of moving vehicles and
roadside communication infrastructure. The most know application
of the VANET is intelligent transportation system where the aim is
to improve driving security [3, 4].

FANET is formed in the sky among highly mobile flying nodes
(i.e., drones). It has featured by self-configuration and self-
organization) [5, 6]. The FANET offers infrastructure less
environment with more flexible and dynamic topology. The most
known example of FANETSs are wireless networks have made by
an incorporate a group of UAV (Unmanned Aerial Vehicle).

The UAV offer advantages of small size, low cost, fast motion and
working efficiently in both individual and group manners [7].
There are some limitations of UAVs, which discussed in literature
for future research work [8, 9]. This includes ensuring reliable
connection between the UAVs. The most researchers have
investigated the routing protocols in network layer, but there is no
attention paid to the transport layer and its associated protocols in
FANETSs, and it is still an open research issue [10, 11]. In transport
layer, there are two main protocols in transport layer, which used
intensively in network communication context; they are User
Datagram Protocol (UDP) and Transmission Control Protocol
(TCP). TCP outperforms UDP in providing more reliable and
guaranteed end-to-end data delivery over unreliable network.
Therefore, we will focus on the implementation of Transmission
Control Protocols. When the traffic offered to the network exceeds
the available capacity then, the congested is occur to the network.
Congestion control functions have introduced by Van Jacobson
[16], he has proposed three algorithms for congestion control and
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avoidance: congestion avoidance (Congestion Avoidance
algorithm, also known as Additive Increase/Multiplicative
Decrease (AIMD) algorithm,), slow-start and fast retransmission.
The improved performance of TCP has focused on the basic
mechanism of AIMD with a large congestion window (cwnd) [17].
In this paper, we focus on the simulation on TCP protocols at the
transport layer and especially on three types of TCP, they are:
TCP-Westwood[12], TCP-High-Speed [13], and TCP-Illinois [14].
Up to our knowledge, there is a research gap of not examining the
impact of TCP protocols on UAV networking performance within
the transport layer.

In this paper, we argue that the simulation of TCP protocols need
to be investigate to bridge this gap and to advance the FANETS
application domain.

We implemented this simulation by using Network Simulator-3
(NS-3) [15], and we conducted a set of experiments to be further
examine the impact of TCP protocols including TCP-Westwood,
TCP-High-Speed, and TCP-lllinois. The rest of this paper has
organized as follows: section 2, has given an overview on the
protocols that have tested in this paper, Section 3 describes the
experiments, including the implemented simulation and the
experimental setup for the evaluation of the proposed investigating
approach. Section 4 discusses the experimental simulation results,
while Section 5 concludes the paper.

2. Related Work

Several studies have carried out in the area of TCP protocols and
several works have been continuing further [18, 19]. TCP has
many variants such as TCP WESTWOOD, TCP-Illions and TCP-
highspeed. Where in the congestion control and loss recovery
mechanism of TCP variant is different from each other.

2.1 High Speed TCP (HSTCP)

High speed TCP has proposed to enhance the performance of
standard TCP over high-speed networks. HSTCP has presented a
relation between a packet drop rate and average congestion
window, HSTCP follows the basic AIMD algorithm [16], many
details are available at [12].
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2.2 TCP-Westwood

TCP Westwood [13] is a sender-side modification of the standard
TCP; it also has known as TCPW, network with lossy links, it has
handled congestion with consideration the possibility of channel
losses. TCPW estimates end-to-end bandwidth to set values of
cwnd and slow start threshold according to the level

of congestion

2.3 TCP lllinois

TCP Illinois is a sender-side protocol [14], proposed for high-
speed networks. It has considered a hybrid congestion control
algorithm. It uses both loss packets and delays as congestion
signals. It has adjusted the incrementation and decrementation of
delay information AIMD.

3-Simulation Setup and Parameters

In this section, we present our simulation parameters and
evaluation metrics that used to set up the simulation environment
for this research by using Network Simulator-3 (NS-3) [15].

3.1 Simulation Setup

All simulation parameters applied in this simulation environment
have given in tablel and the simulation topology has shown in
figurel.
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Figurel. Simulation Topology.
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Tablel. Simulation Parameters.

Parameter WValue

Application Type FTP(File transfer protocal).
Number of TCP connections. 5.10.15.20.25.

Routing Protocols. AODV

Simulation time. 100 seconds.

Packet Size. 1448 bytes.

Transmission Rate. 100Mbps.

Simulation area. 400m = 400m>= 100m.

Speed of UAVS 5.10.15.20.25 (mv/s).

Number of UAVSs 20.30.40.50.60.

Propagation Loss Model Log Distance Propagation Loss Model.
Propagation Delay Constant Speed Propagation Delay.
Physical layer OFDM with 24MBps

Physical Rate 24Mbps.

Mobility model. Guass Markov

MAC layer. IEEE 802.11n with 5.

Antenna model. Ommni Antenna.

Rto (retransmission timeout) 1s

3.2 Evaluation Metrics

In this section, we introduce the metrics that used to evaluate the
performance of the selected congestion controls protocols.

3.2.1 Average Throughput:-

It is the ratio of the total number of delivered successfully data
packets to destinations and the time difference between received
data packets and transmitted data packets.

Average throughput(kbps) = TTRN_S;S 1)
Where, TR is time of received data packet, TS is time of sent data
packet and TNSP is Total number of successfully received data

packets.

3.2.2 Average End to End Delay (AEED): -

It is a time difference between total time taken for sending all data
packets from source to destination and total number of
successfully received data packets (N).

AEED (milliseconds) = End to End Delay x1000 2

End_to_End Delay = o 3
TNSP
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Where TDT is the total time have taken for sending all data
packets from different sources of UAVs to different UAVs
destinations.

TDT = TDT + Y., delay [i] 4
Delay[i] = TR [i] — TSJi] (5)

4- Results and Discussion

The simulation experiments have conducted for three different test
scenarios as follows:

1) The impact of UAVSs density.

2) The impact of UAVS' speeds.

3) The impact of flows' number.

4.1 The impact of UAVs density

To investigate the impact of network density, the number of UAVs
have varied from 20 to 60. The maximum speed of mobility of
UAVs have fixed to 5 m/s and the number of flows has fixed to 10.
The results of this scenario have shown in figures 2 and 3.

Number of UAVs Vs Throughput(Kbps)

T T

TcpWestwood —+—— |

TcpHighSpeed »
Tcplllinois

Throughput(Kbps)

50 - T e _—

1 L L
20 25 30 35 40 45 50 55 60
Number Of UAVsS

Figure2. Throughput. Vs. Density of UAVS.
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Number of UAVs Vs End to End Delay(ms)

T T T T T T T
TcpWestwood ——
180000 [
TcpHighSpeed —«
Tepillinois
160000 [~ .

140000
120000
100000

80000

End to End Delay(ms)

60000
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o
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Figure3. End- to-End Delay. Vs. Density of UAVSs.

As shown in figure 2, all of them have low throughput, such
that, as number of UAVSs increase, the throughput decreases in all
those protocols, where in the intra-flow TCP or inter-flow can
cause in drop data packets and drop in ACK packets. Even then,
TCP Westwood achieves a better throughput in compare with TCP
High-Speed and TCP lllinois.

It can been seen from figure 3, there are variations in the graph,
such that, all those three congestion protocols have high end- to-
end delay. During flow packets between end-to-end UAVS, there is
a temporal disconnections and reconnections between them,
actually short disconnection event can actually stall the TCP
transmission for long period, so the data packets will takes long
time to reach its destinations.

4.2 The impact of varying speed of UAVs

In this scenario, the effect of the speed of mesh clients has been
observed by varying the maximum speed from 5 m/s to 25 m/s with
increments of 5 m/s. The number of the flow connections between
source and destination has fixed to 10, and number of UAVS is
fixed to 40. The results of this scenario have shown in figures 4 and
5. Figure 4, shows that throughput degrade with the increase in
speed of mesh clients. The reason for this is that movement of
UAVs results in route breaks and make network partitions, and it is
clear those protocols did not handle these issues properly.
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Speed of UAVs(m/s) Vs Throughput(kbps)
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Figure 4. Throughput. Vs. Speed of UAVS.

It is clear from figure 5 that with the increase in speed of UAVS,
the average end-to-end delay time also increases. This is because
mobility of UAVs causes break in a link along active route
between source and destination. Further, it may the repairing
process of an active link or discovery of a new route takes long
time, so TCP sender’s retransmission timeout timer might expire
before the route recovers by routing protocol. Here, TCP sender
may stay in the “back off” state, and will not know about a
recovered route towards the destination.

Speed of UAVs(m/s) Vs End to End Delay(ms)
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Figure5. End- to-End Delay. Vs. Speed of UAVS.
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4.3 The impact of varying number of Flows

Here, we are evaluating the performance metric with number of
flows, varying from 5 to 25. The number of mesh nodes has fixed
to 40 and the maximum speed of mobility of UAVs has fixed to 5
m/s. figure 6 and figure7 show the results, as number of flows
increase, the number of packets try to access the shared channel
possibly increase, which cause an excessive contention at MAC

layer.
Number of Flows Ws Throughput(kibps)

T T T
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Figure 6. Throughput .Vs. Number of Flows.
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Figure7.End- to-End Delay Vs Number of flows.
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In IEEE802.11 there are 3 problems which have been widely
studied [20], hidden problem, exposed problem, channel captured,
those factors exacerbate the unfairness of competing TCP flow.
Therefore, deterioration in performance of TCP protocols will
observe.

As evident from figure 6, the throughput has inverse relationship
with number of flow, All of protocols have a poor throughput, as
the traffic load increase, the intra flow TCP and inter flow TCP
might be caused raise in lost packet rate.

Figure7 shows the End- to-End Delay versus the number of flow
for TCP Westwood, high-speed and Illinois. All protocols have
high end-to-end delay; where in delay is effected by contention
time and retransmission time which is increased by grow in traffic
load.

Conclusion

FANETSs have become an emerging research field. In this paper,
three different TCP protocols namely TCP-WESTWOOD, TCP-
Illinois and TCP-High speed have examined and explored against
the throughput and End-to-End delay measures. We have used NS-
3 to demonstrate the performance characteristics of these
protocols. The simulation results indicate that, these TCP protocols
poorly performs in terms of throughput and End-to-End delay
measures. This because of the 3D-space movement of the UAVS in
which cause a frequent topology change, make high bit error rate
and unstable channel characteristics.We can argue that existing
TCP protocols are not performed well in FANETS, Hence, It is
imperative to modify or design new protocols for providing
connection-oriented and reliable transport layer services.
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Abstract:

Urinary tract infections (UTIs) are among the commonest
infections both in community and hospitals that showed emergence
of multi drug resistant (MDR) Escherichia coli (E. coli) which is
challenging UTI treatment. This study aimed to detect the
prevalence of E. coli and antibioticsusceptibility patternfrom those
patients suspected with urinary tract infection attending Tobruk
medical center, Tobruk, Libya. A total of 3067 urine samples were
collected and processed according to standard microbiological
methods for the isolation and identification of E. coli. Antibacterial
susceptibility pattern of the isolates was determined using Kirby-
Bauer’s disk diffusion technique. The results revealed that
698samples (22%) out of the 3067 collected samples were positive
for E. coli with high prevalence among the female patients 581
(83.2%) compared to the male patients 117 (16.8%). The antibiotic
susceptibility pattern showed that the isolated bacteria is resistant
to used antibiotics by 56.7%.The E. coli isolates demonstrated
higher resistant in male samples (65.0%) than females (55.1%).
The E. coli isolates demonstrated higher resistance to Ampicillin
(100%) followed by Amickan (90.3%) then Oxacillin (75%) while
those isolates recorded the lowest resistance to Gentamicin
(32.1%) and Nitrofurantoin (59.1%). The study indicated the need
for physicians to prescribed antibiotics to patients following
standard antibacterial susceptibility testing.

Keywords: Prevalence, Escherichia coli, Multi drug resistant,
Urinary tract infection, Tobruk city.

Introduction:

Urinary tract infection (UTI) are the most common infection.
Many bacteria are causing urinary infection but Escherichia Coli is
the most common cause of (UTIl)between them(Bakhtiari at
el.,2020).E. Coli can be intrinsically resistant to some special
antibiotics and have genes which responsible for resistance to
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some special antibiotics (Raeispour and Ranjbar, 2018).Antibiotics
groups, such as Amoxicillin, Ampicillinand Erythromycin are
commonly used worldwide in agriculture practices(Raeispour and
Ranjbar, 2018).Antibiotic resistance is a specific type of drug
resistance when a microorganism has the ability of bearing the
antibiotic effects (Aljebouri, 2013).This study aimed to detect the
prevalence of E. coli amongthose patients suspected with urinary
tract infection attendingTobruk medical center, Tobruk, Libya; and
to investigate the antibioticsusceptibility patternof isolated E. coli
samples.

Materials and Methods:

Source of isolates:

The study was based on information collected from Hospital
(TobrukMedical Center) to determine the prevalence and
antimicrobial sensitivity of E.coli among patients presenting with
UTI visited TobrukMedical Centre during September, 2019 to
January, 2021.

Isolation and identification of bacteria from urine samples

The isolated samples were investigated and identified in
microbiological laboratory of Hospital. The collected samples were
individually worked in microbiological laboratory for isolation and
identification of any bacterial pathogens (Salem at el.,2020).The
collected sample were inoculated onto (Macconkyagar, Bloodagar,
Muellerhinton agar), then plates were incubated at 37°C for 24h
for growing bacteria and extended to 48h for doing susceptibility
test. Samples were also identified according to the common
standard procedures (Cheesbrough,2010).The isolates were further
identified using standard microbiological methods for antibiotic
sensitivity of UTI causes using Kirby-Bauer’s disk diffusion
technique (Sabir,2014).The antimicrobial tests were done to
Ampicillin -~ (Amp), Amickan (Amc), Oxacillin  (Ox),
Sulphamethoxazole/timethoprim  (Sxt), Chloramphenicol (Ch),
Nitrofurantion (Nitro) and Gentamicin (Gent), Naladixic Acid
(Na), Ceftriaxone (Cr)and Ciprofloxacin (Ci).
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Data Analysis:

The collected data were statistically analyzed using SPSS software
version 23.Chi square test, contingency table for independence was
run to verify the significant association between gender of patient
and antibiotic Susceptibility pattern ofE. coliand between different
antibiotics and susceptibility of E. coli. The results were presented
as frequency tabular manner.

Results:

The microbiology laboratoryof Tobruk Medical Center processed
about 3067 urine isolates of which 698samples (22.8%) were
positive for E.coli. Among these positive isolates, 581 (83.2 %)
belonged to female patients and 117 (16.8%) belonged to males
(Table 1).

Table 1. Prevalence of E. coli bacteria among UTI patients with
relation to gender of patient

Gender No. %
Male 117 16.8
Female 581 83.2
Total 698 100.0

Table 2 shows the overall susceptibility activity of E.coli bacteria
to antibiotics. The results revealed that the resistance rate is
slightly higher(56.7%) than the sensitivity rate (43.3%).

Table 2. Antibiotic susceptibility patterns of E. coli isolated from

UTI patients

ltem No. %
Resistant 396 56.7
Sensitive 302 43.3
Total 698 100

Table 3 shows the susceptibility patterns of E. coliregarding to
gender of patient, The results revealed the significant association
(x>=3.87; P<0.05) between patient gender and rate of resistance;
the isolated samples from male patients is higher resistance rate
(65.0%) than those isolated from females(55.1%). This finding
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noticed that the UTI caused by E. coli is more complicated in male
patients than females.

Table 3. Antibiotic susceptibility patterns of the isolated E. coli to
regarding to gender of patient

Gender Resistant Sensitive Total

No. % No. % No. %
Male 76 65.0 41 35.0 117 100.0
Female 320 55.1 261 449 581 100.0
Total 396 56.7 302 43.3 698 100.0

Table 4 shows antibiotic susceptibility of isolated E. coli. The
results of susceptibility analysis explained the highly significant
association (¥?=133.07; P<0.001) between E. coli susceptibility
and antibiotic type. The E. coli isolates were highly resistant to
Ampicillin(100.0%), followed by Amickan (90.3%), Oxacillin
(75%), Naladixic Acid (66.7%),Ciprofloxacin (62.7%)and
Ceftriaxone (62.5%);while the isolates were weak (low resistant)
against Gentamicin (32.1%). In contrast, the results showed that
the E. coli isolates exhibited the highest level of sensitivity to
Gentamicin  (67.9%) followed by the F (59.1%) and
Sulphamethoxazole/trimethoprim(49.5%), while the lowest
effective antibiotics against E. coli were Oxacillin (25%), Amickan
(9.7%) and Ampicillin (0.0%)

Table 4. Resistance and sensitivity patterns of clinical isolated E.coli
to different antibiotics

Antibiotics Resistant Sensitive Total
No. % No. % No. %
Amp 8 100.0 0 0.0 8 100.0
Amc 140 90.3 15 9.7 155 100.0
Ci 32 62.7 19 37.3 51 100.0
Gent 51 32.1 108 | 67.9 159 100.0
Nitro 54 41.9 75 59.1 129 100.0
Sxt 50 50.5 49 49.5 109 100.0
Ch 4 50.0 4 50.0 8 100.0
Ox 3 75.0 1 25.0 4 100.0
Na 14 66.7 7 33.3 21 100.0
Cr 40 62.5 24 375 64 100.0
Total 396 56.7 302 | 43.3 698 100.0
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Discussion:

UTIs remain a challenge to the healthcare system because of the
emergence of antimicrobial resistance. E. coli has been recorded as
major etiological agent responsible for 70 to 80% of UTI(Anjum et
al.,2014). In the present study, E. coli was isolated from 22.8% of
the requested urine culture, this rate is greater than that reported in
Nieger (13%) (Okonko et al.,2009) and nearly similarto the finding
of previously study from Tripoli, Libya(Ghenghesh et al.,2003);
who reported that only 24% as positive specimen of E. coli.
However, the present rate is lower than those results were
conducted from Benghaze (42%) (Al awkally et al., 2019),
Masalata (55.6%) (Mohamed et al.,2016) and Misurata
(50%)(Salem et al., 2017). Moreover, the present finding is lower
than those showed in Sudan (48.48%), Saudi (52.17%),and Egypt
(67.44%) (Azab et al.,2021). The variation of positive results of E.
coli in urine samples among countries could be due to the large
variation of E. coli strains, the sample size and hygiene conditions
in different countries. The causes of low prevalence of E. coli in
UTI patients in Tobruk Medical Center, could be due to that the
individual with high income prefer to investigate their conditions
in private clinics which they widespread in the city. In addition to
the illogical use of antibiotics which are taken prior culture and
antibiotics sensitivity pattern. Incomplete dose of antibiotic course
could be another factor contributes to insignificant or no growth
rate of the bacteria.

Regarding to the gender of patient, the results showed that 83.2%
of positive samples were isolated from females and highest when
compared with those samples isolated from male (16.8%). Similar
findings were also reported in Pakistan (69.80%), Saudi Arabia
(60.35%), Iran (86.24%) and Turkey (82.30%) (Farajnia et
al.,2009; Cetin et al., 2009; Balkhi et al.,2018; Aktar et al.,2020
and Azab et al.,2021). Several factors including small urethra,
deficiency of germicidal substances in prostatic fluid, hormonal
imbalance is considered for the higher incidence of E. coli
infection in females.

Observation of antimicrobial susceptibility could contribute to
provide accurate antibiotic prescription and reduce the
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development of drug resistant regarding to antibiotic susceptibility.
The overall rate of E. coli isolates resistance to antibiotics was
found to be 56.7% and was slightly higher than the sensitively rate
(43.3%).This finding is consistent with the findings of other
studies (Kibret and Abera, 2011 and Saber et al., 2014); they
attributed the increasing of resisting rate of E. coli isolates from
UTI patients to the persistent emergence of extended spectrum
beta-lactamases (ESBL).Despite the highest prevalence of E. coli
isolates in females, interestingly the rate of antibiotic resistance is
significantly highest in male patient (65.0%) when compared with
female patients (55.1%). This finding is in line with the
observations of previous study investigated by Drielet al., (2019),
and they assumed that the highest rates of antibiotic resistance
monitored in strains isolated from males, maybe it is the reason
behind the difficulty of eradicating male infection and can lead to
recurrent infections.

Generally; the antimicrobial resistant is very high in developing
countries (Mahjan et al.,2014). The rate of resistant among
uropathogen, especially E. coli has become increasing(Aktar et
al., 2016 and Kahan et al., 2020). The results of this study also
revealed increasing and variation resistance of E. coli isolates
against investigated antibiotics. The highest resistant was found to
Ampicillin (100.0%),Amickan (90.3%) and Oxacillin (75%)). In
contrast the sensitivity profile was shown that to Gentamycin
(67%) Nitrofurantoin (59.1%). This finding correlates with
previous studies from Tripoli, Misurata, Benghaze Saudi and
Nigeria (Salem et al.,2018, Salem and Ahmed,2018, Al Awkally
et al.,2019, Balkhi et al., 2017 and Shitu et al.,2020). The variation
in sensitivity patterns of the isolates might be due to the irrational
prophylactic usage, easy availability and the over the counter sale
of antimicrobials without a proper prescription and an
inappropriate dosing schedule.

The finding of this study alarm that the antimicrobial resistance
pattern against E. coli in UTI patients in Tobruk city need an
argent action to control the situation as more than the half of the
isolates 56.7% show resistant to almost all the antibiotic were used
with range reached up to 100% for Ampicillin and 90.3% for
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Amickan, while Gentamycin and Nitrofurantoin showed sensitive
activity against E. coli bacteria. For these reasons clinical samples
should be under go routinely microscope, culture and antimicrobial
resistance test to promote responsible prescription of appropriate
use of antibiotic and enhance the management of clinical
infectious diseases such as UTI.
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Abstract:

This study aimed to estimate drinking water contamination by
comparing with Libyan standard Specifications For Drinking in
water wells in some area of Masllata City as, Bn Moslem, Bn Lite,
Algragsha, Almtbia, Algieel, Alakreet, Alshbahna, Alshaafieen,
Bn Naaser. The result of the analysis was investigated in the
chemical laboratory. And showed that the water samples from all
walls under study area were accepted of Libyan standard
Specifications of Drinking water. The results also showed that the
Libyan standard 1000 ppm this means TDS is acceptable for
drinking purposes. For Chloride ion in range is 17.1-18.5 ppm, the
average is 17.5 ppm, which compared to Libyan standard for
drinking 200-250 ppm, it is suitable for drinking. For Sulphate
average is 83.1 ppm Such values are accepted value for drinking.
For Bicarbonate average is 166 ppm, which is accepted by to
drinking. while the value for such value is accepted for drinking
purposes. Also Ca?*,Mg?*, are lowing for drinking. which is
below the drinking Libyan standards. Therefore, the oxidation of
ferromagnesian minerals was a possible source for Mog.
Remarkable spatial variation in wells water composition was
attributed to variable recharge of the house wells and different
wells. The study has recommended for drilling of house wells to be
conducted in parts of the area.

Key words : Physical & Chemical Properties , Drinking Water ,
Libyan Standard Specifications , House Wells.
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Introduction:

Limited surface water which is harvested during rainy season, by
means of earth dams is another source, but it is only available for
few months during the year. In the last decades there is a
tremendous increase in number of residents because the area has
an advantage of temperate weather compared to its surrounding,
and being a center for cultural activities and tourism. In addition, a
noticeable increase of population has occurred during this period
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of time and new extensions have developed.[1] Rainwater
harvesting is a technology used to collect, convey and store rain
water for later use from relatively clean surfaces such as a roof,
land surface or rock catchment.[2,3] The random behavior of
rainfall patterns in arid or semiarid regions such as Libya makes
their prediction rather difficult. However, probability and
statistical methodologies provide the necessary ways for such a
goal. Therefore, a prerequisite to derive empirically the frequency
distributions of rainfall records at each available meteorological
station.[4,5-8] In Libya, the climate is Mediterranean in the thin
coastal strip and desertin the interior. Actually, although the
temperatures on the coast are typical of the Mediterranean climate,
the rainfall level is very low, semi-desert in Tripolitania and
Cirenaica, and even desert in the Gulf of Sidra (or Sirte). Only in
the hills near the coast of Cyrenaica (called Jebel Akhdar),
precipitation is between 400 and 700 millimeters (16 and 27.5
inches) per year, so much so that they are covered by a Maquis
shrub land. [9].

Along the coast, which is the only plain area that receives non-
sporadic rains, most of the rainfall occurs from October to early
April, with a peak in December and January. The amount is
usually low, between 200 and 350 mm (8 and 14 in) per year in
Tripolitania and Cyrenaica, and between 100 and 200 mm (4 and 8
in) in the Gulf of Sirte (which is definitely desert in the
southernmost part), while to the east of Cyrenaica, in the
easternmost part of the coast, on the border with Egypt (Tobruk), it
drops again to around 100 mm (4 in). The rains on the coast are
due to depressions coming from the Atlantic Ocean or the
Mediterranean Sea, and between one depression and the other,
there are long periods of good weather even in winter; since the
period when the rain can fall is limited, during some years, a
decrease in the winter rainfall may cause droughts, whose effects
are felt until the following autumn. [10,11]

In summer, the sun shines and it almost never rains throughout
Libya, although in the southern part, in full desert, some showers
may occur because of the African monsoon, which affects the
Sahel region in the warmest months, and whose extreme offshoots
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can sometimes arrive here. Along the coast, air humidity is high,
though sea breezes blow in the afternoon, relieving the heat.
Actually, in summer, the northern winds blow even at high
altitude, since they are due to the baric configuration of the region,
with a high pressure system over the western part of the
Mediterranean and a low pressure system on the eastern side, and
that's why the Libyan desert is not as hot as the Algerian desert.
The average maximum temperature in summer ranges from 30 °C
(86 °F) along the coast, to 35/37 °C (95/99 °F) in the north-central
inland area, to 40/41 °C (104/406 °F) in the south. Throughout the
year, but more often in spring and autumn, Libya can be affected
by the Ghibli, a hot and dry wind, which is able to raise dust and
cause sudden increases in temperature; this phenomenon is even
more evident along the coast, where it also produces a sudden drop
in relative humidity, which here is generally high because of the
influence of the sea. In these cases, the temperature can exceed 40
°C (104 °F) from April to October even on the coast, while in
winter it can reach 30 °C (86 °F). [12,13] The main Libyan cities
located on the coast (Tripoli, Benghazi, Misrata) have a
Mediterranean climate, with mild, quite rainy winters and hot,
sunny summers, with highs in July and August around 32 °C (90
°F) in the western part (Tripoli, Al Khums) and 30 °C (86 °F) in
the central and eastern parts, which are more affected by the
northern winds that blow in summer in the eastern Mediterranean.
[13-16]. The purpose of this study is aimed to estimate of drinking
water contamination by comparing with Libyan standard
Specifications For Drinking purposes at wells in some area of
Masllata City Libya as, Bn Moslem, Bn Lite, Algragsha, Almtbia,
Algieel, Alakreet, Alshbahna, Alshaafieen, Bn Naaser. The result
of the analysis was investigated in the chemical laboratory.

Materials and Methods :

Area of study :

This work was carried out at Ashiafiyin Masallata-Libya district
which has 20 km coastal stretch on the south shoreline of the
Mediterranean sea, It is bounded by Gasreyar from the northwest,
and Masallata from southeast.

293 Copyright © ISTJ Ak sine aolall (3 s
Al 5 o glall 4 sall dlsall



26 daxd) Ly g0 050

International Science and
Smtrmtonst Sxbemes i Tonbmeings rarssd

Wb Aoyt Volume 26 STJ%

Sample collection :

Ten groundwater samples were collected from 10 wells mentioned
in Table (1), water was sampled during April & May Month of
2021. The Ten samples were taken from different sits from
Ashiafiyin area, and conserved directly in a portable refrigerator
The water samples were collected in previously cleaned
polyethylene bottles of one Liter.

Table (1) : The Equipment and Measurements

Maximum of
TEST Equipment Libyan standard
Specifications For Drinking
water
TDS Water proof family (TDS) 500ppm
- Titrate with 0.1 silver
Cl Nitrate 200ppm
SO~ DR6000 200ppm
HCOy Titrate wiltll 0. 1. 250ppm
Hydrochloride acid
2+ Titrate with 0.1 EDTA
Mg Solution 30ppm
calt Titrate with Q.l EDTA 75ppm
Solution )
PH PH Measurements 6.5
E.C Water proof family (EC) 150 nS/CM
NOs- DR6000 10ppm

Chemicals and Reagents:

The chemical used for analysis were NaCl, HCI, NaOH, AgNOs,
EDTA, Ethylene Diamine Tetra Acetic Acid, Methyl-Orange ,
Phenol Phthalein and Methyl Red of Reidel De Haen and BaCl»
From BDH. All chemicals are of analytical grand.

Experimental work:

Ten drinking water samples were collected from 10 wells, water
was sampled on a monthly basis, during months may from 2021.
The Ten samples were taken from Ashiafiyin -Masallata city from
different sits [13]
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Table (2) : The Data Samle Collections

Sample Sample Sample Sample

Masllata

WeII Water

1 Litre

Bn Moslem

Well Water

1 Litre

Bn Lite

Well Water

1 Litre

Algragsha

Well Water

1 Litre

Almtbia

Well Water

1 Litre

Algieel

Well Water

1 Litre

Alakreet,

Well Water

1 Litre

Alshbahna,

Well Water

1 Litre

1
2
3
4
5
6
7
8
9

Alshaafieen

Well Water

1 Litre

[ERN
o

Results and Discussion:

Bn Naaser.

Well Water

1 Litre

The physical and chemical parameters of House water samples
pH, EC, TDS, TH, CI', Mg*, Ca*, CO3s*, HCOg", Salinity, were
analyzed and result as given in Table 3. The arithmetic average,
the lowest and highest value on raining walls for the elements in
the wells house samples, they were listed in Table (3)

Table (3): Analysis result of physical and chemical properties for
samples of House walls:

Std. Libyan standard
t Unit average Deviation Minimum Maximum Specifications For
+ Drinking water[15]
TDS pPpm 345.8 27.09 320 378 500-1000
Ccr ppm 17.8 1.98 17.1 18.4 250-200
504:' pPpm 83 146 62 174 400-200
HCOy ppm 146.6 20.48 122 178 400-250
',\Ig:_ ppm 12.3 9.89 5 19 150-30
Ca™ ppm 110.5 3.107 15 23 200-75
PH - 7.4 0.083 7.31 7.53 8.5-6.5
E.C nS/CM 5.08 2.14 1.02 2.76 800
NO;- ppm 15.70 1.26 14 17 50-10

Total Dissolved Solids :
The figure 1 shows that average TDS concentration

(345.875)ppm this is low for Libyan specification because TDS
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1000ppm,which is acceptable for drinking according to Libyan
specification and the lowest value and good drinking and, it is
suitable for drinking . The samples have TDS concentrations
exceeds the acceptable range for drinking water specification.

m

\

5 6 7 8 9 10
Number of wells

Fig (1): T.D.S values for all water samples

Electrical Conductivity

Figure (2) shows that the average E.C concentrations is (15.709)
us/cm, which is didn’t acceptable for drinking according to Libyan
specification. Samples have E.C low values the acceptable range
for drinking water specification.

Fig (2): EC values for all water samples
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Acidity and basity of samples (pH-Value)

Figure (3) shows the pH value which extended between 7.1 and
8.4, these results are in agreement with international standard and
Libyan specification. The results also show that pH values did not
exceed pH value 8.5 mean that carbonate ions are absent.

AN

5 6 7 8 9 10
Number of walls

Fig (3): pH values for all water samples

Calcium lon

Figure (4) Calcium ion concentration for water sample is show in
figure 4 with an average amount of 110.5 ppm. the results shows
that all samples did not exceed the permissible limit recommended
by all specified standards Libyan and international.

5 6 7 8 9 10
Number of wells

Fig (4): Calcium ion concentration for all water samples
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Magnesium lon

Magnesium ion concentration for water samples is shown in figure
5 with an average amount of 12.3 ppm. the results shows that
samples exceed the permissible limit recommended by all
specified standards Libyan and international

Fig (5): Concentration of Mg*? ion for all water samples

Bicarbonate lon

The studied water wells show low contents of bicarbonate and lack
carbonate ion. Bicarbonate concentration ranges between (178-
122)ppm at the of the study area and average (146.6) ppm at Fig
6). The low value of bicarbonate content at of the study area may
be attributed to local calcareous water bearing sediments.

5 6 7 8 9

Number of wells

Fig (6): Bicarbonate ion concentration for all water samples
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Chloride lon

The figure (7) shows that the average chloride ions concentration
is (17.743)ppm, which is didn’t acceptable for drinking according
to Libyan specification and also the international specifications.
the figure also shows that of all well water. Samples have chloride
ion concentrations didn't exceeds the acceptable range for drinking
water specification.

AN

1 2 3 4 5 6 7 8 9 10
number of walles

Fig (7): Chloride ion concentration for all water samples

Sulphate lon
The results sulphate as shown in figure (8) has an average of 83.8
ppm, concentration. The Libyan standards specification
recommended that the lowest concentration of sulphate expected
one sample.

Fig (8): Sulphate ion Concentration for all water samples
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Nitrate lon

Nitrate concentration for water samples is shown in figure (9) with
an average amount of 15 ppm the results shows that all samples
exceed the permissible limit recommended by all specified
standards Libyan and international

Fig (9): nitret ion Concentration for all water samples

Conclusion :

In summary, the house water of the study area is soft to neutral to
slightly alkaline and can be classified according to the salinity into
Fresh and brackish-water. The fresh-water is located at the all
house walls of the study area with an E.C values and TDS values.
While the brackish water situated at the variable house water
salinity and chemical composition were mainly attributed to
variable annual recharge and variation in house wall. Hose walls
water of the study area could be classified into is suitable for
drinking and domestic use because most of the parameters fall
within the permissible limits stated by WHO. The study
recommends for drilling of water wells to be conducted in the
central part of the over by house wells.
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Abstract

This paper investigates the kinetics of organic removal by non-coated
Cosmo ball biomedia and activated carbon-coated Cosmo ball
biomedia in the bioreactors for domestic wastewater treatment.
The Modified Stover Kincannon Model and Grau Model were
employed for the kinetic evaluation of the reactor performance
during the operational period. The Stover Kincannon Model gives
a coefficient of determination (R?) for the straight lines of effluent
concentration from the experimental data. The Stover Kincannon
gives a predicted BODs of 0.98 and 0.99 for the coated and non-
coated media, while the values given by the Grau Model are 0.98
and 0.99. The predicted COD for the coated and non-coated media
for the Stover Kincannon Model are 0.98 and 0.99 and 0.99 and
0.99 for the Grau Model.The predicted BODs for the modified
Stover-Kincannon Model are Kz= 0.68 g/L.d and U,,;.= 0.55
g/L.d, while the corresponding values for COD are Kz =4.61
g/L.d and U, 4= 3.42 g/L.d for the non-coated Cosmo balls. The
BODs for the coated Cosmo ball are Kz= 2.46 g/L.d and U, 4,=

2.33 2.d, and the COD are Ky =5.74 g/L.d and Upq, =4.9 g/L.d.
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For Grau model the (K;) for the BOD and COD of the non-coated
Cosmo balls are 0.062 d* and 0.40 d*%, and the BODs and COD of
the coated Cosmo balls are 0.289 d* and 0.836 d*. The results
showed that the Stover-Kincannon model is the best kinetic model.

Keywords: Domestic wastewater, Kinetic modelling, Removal
efficiency, Modified-Stover Kincannon Model, Grau Mode.

Introduction

The environmental pollution caused by the population boom,
industrialization, and urbanization is a serious concern (lyas et al.,
2019). The discharge of toxic compounds from industrial activities
into the environment has harmful impacts on public health and the
environment. Water quality is dependent on several factors.
Phosphorus and nitrogen are the primary nutrients polluting the
water bodies (Leyva-Diaz et al., 2013). The release of wastewater
with high amounts of organic matter, phosphorus, and nitrogen
into the environment is the primary cause of some problems, such
as oxygen consumption, eutrophication, and toxicity (Abdelfattah
et al., 2020). The removal of these contaminants from wastewater
is critical to reduce environmental damage and improve the
operation of existing municipal wastewater treatment plants. There
is a need to develop better technologies that facilitate compliance
with the current and future effluent limits and water quality
guidelines (Salgot and Folch, 2018).

All sewage treatment facilities must comply with water quality
standards such as BODs levels, suspended solids concentration,
and other waste substances. Most researchers considered
wastewater treatment systems that use activated sludge system,
oxidation ponds, trickling filtration, and aerated lagoon as
inefficient (Shahot and Khmaj, 2012). In the biofilm or fixed film
(attached growth) process, the microbes grow on the stone surface
or plastic media. The high surface area of biofilm facilitates the
adsorption of a higher amount of substrate from the influent as the
wastewater passes over the media. The build-up of biofilm
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provides a diverse habitat for the mineralization and
transformation of wastewater constituents such as the carbon and
nitrogen components, which increases the efficiency of organic
substance removal from the wastewater influent. Aerobic, anoxic
and anaerobic activities occur in each biofilm, and the biofilm
alters the limiting substrate. These processes show the complexity
of modelling fixed-film processes (APHA, 2005; Shahot, 2014).
The benefits of using a fixed-film system are low operation cost,
low energy demand, low reactor capacity, less requirement for
settling volume, and less sludge formation (Chan et al., 2009).

The use of biofilm reactors for wastewater treatment has been
increasing in recent years. Cosmo ball biofilm reactor processes
have been proven reliable for the simultaneous removal of organic
matter and ammonia because of the high volumetric loading rate
and the low solids buildup in the reactors (Shahot, 2014). The use
of activated carbon as a Cosmo balls biofilm media coating offers
an alternative design for compact treatment plants that are more
effective than conventional wastewater treatment systems (Shahot
et al.,, 2019; Shahot et al., 2015). Cosmo ball is a light-weight
commercial media that floats in water and can be removed and
cleaned as needed. The Cosmo balls have been proven successful
in eliminating acceptable levels of organic matter and nutrient.

Mathematical models are used in fundamental biological process
research to evaluate the hypotheses, determine the significance of
the relationships between variables, guide the experimental design,
and analyse the experimental results. The Modified Stover-
Kincannon model and the Grau model are among the models used
to test the Kkinetics of organic matter removal in biofilm reactors.

This study used the Modified-Stover Kincannon Model and Grau
Model to investigate the kinetics of organic matter removal using
non-coated Cosmo ball biomedia and activated carbon-coated
Cosmo balls media to determine the kinetic constants in the
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treatment process. The final phase of this study compares the bio-
kinetic coefficients with those obtained by previous studies.

2. Materials and Methods

2.1 Experimental set-up

Figure 1 shows the schematic of the experimental system. The lab-
scale biofilm Cosmo ball reactor was installed in an actual WWTP
at the Engineering Faculty hostel of Universiti Putra Malaysia. The
wastewater treatment system comprises a feeding tank, peristaltic
pump, anoxic tank, aeration tank, and settling tank. The feeding
tank was a circular high-density polyethylene (HDPE) plastic tank
that has a 700-litre capacity. The wastewater from the raw point of
the wastewater treatment flowed into the feeding tank, where a
mechanical stirrer mixed the sewage to obtain homogenous
sewage. The system has a peristaltic pump (Heidolph Pumpdrive
5206) that pumped the influent from the feeding tank to the reactor
through an inlet in the anoxic zone. The peristaltic pump has a
flow rate of 5 L/h, and a 4-mm diameter plastic tube supplied the
influent. The same type of peristaltic pump recycled the flow from
the top of the settling tank to the anoxic zone. The peristaltic pump
for the anoxic-aerobic reactor has a flow rate of 10 L/h. The
reactor was covered with aluminium foil to prevent algae growth.
The reactor filtering system has an up-flow system that pumped
the influent from the bottom to the top of the Cosmo ball reactor
(Figure 1). The aeration tank was fabricated using a 70x50%x26 cm
acrylic sheet and had a 90-litre working volume. The reactor was
filled with a 65% standard filling ratio of non-coated and coated
Cosmo ball media. There are five air diffusers at the bottom of the
aeration tank to provide oxygen for the microorganism that grew
and attached to the Cosmo balls. The dissolved oxygen (DO)
concentration was maintained at above 2 mg/L in the aeration tank
to preserve the biofilm under optimal conditions. The recycled
effluent was taken from the settling tank to keep the oxygen level
at zero and prevent oxygen transfer into the anoxic zone content.
The settling tank is a plastic tank for collecting the treated sewage.
The dimension of the tank varies with the flow and has a 1.5-hour
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hydraulic retention time. Table 1 shows the operational parameters
of the reactor.

Discharge from feeding
tank

Anoxic tank

Aeration tank

Figure 1. The Reactor was Covered with Aluminium Foil to Protect It
from Direct Sunlight and was Placed at the STP

Table 1. Operation Parameters of Coated and Non-Coated Media

Parameters Non-coated Coated HRT T pH DO
(b) @
Effluent BOD (mg/L) 9.942 322 6 2044 7240.2 | 22(mgl)
BOD remaval % 91.04£2% 97.5:1% 6 2954 |7.240.2 >N mgll)
Effluent COD (mg/L) 31883 2358 6 2944 |7.2402 >)mgll)
COD removal % §7.842% 92.1£2% 6 2944 | 7.2402 >)mglL)
Effluent TSS (mg/L) 842 18312 6 2044 | 7.240.2 >)(mg/L)
TS5 removal % 92.4+3% 98.321% 6 2044 |7.240.2 >)mg/L)
Effluent VSS (mg/L) 5.7+1 24441 6 2944 |7.240.2 >)mgL)
VSS removal % 94.1+2% 97.621% 6 2014 |7.240.2 >)mg/L)

2.2. Biofilm media

Cosmo ball media is employed in wastewater processes. In the
Cosmo ball process, the light floating carrier elements in a totally
mixed reactor provides a surface for microorganisms to grow. The
Cosmo ball is suitable for both aerobic and anaerobic conditions in
wastewater applications. Universiti Putra Malaysia (Serdang,
Malaysia) provided the suspended biofilm carriers with a filling
ratio (volumetric filling in an empty reactor) of 65% and a surface
area of 160 m?/m®. The Cosmo ball elements were fabricated from
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strong HDPE polyethylene plastic and have a density that is 75
kg/m® lower than water density. The Cosmo balls are 85 mm in
diameter, and the inside and outside of the Cosmo balls have cross
fins and longitudinal fins.

| Sphere of
diameter 85 mm

Four holes on each
surface with
diameter of 1 cm

Fin

Wall

Figure 2 shows the elements of a Cosmo ball biofilm carrier.

2.3 Raw wastewater

The seeding material for the reactor is the wastewater from
the hostel at the Faculty of Engineering, University Putra
Malaysia. This hostel provides accommodation for 340 students
and has one central kitchen. Table 2 shows the primary
characteristics of raw sewage

Table 2. Characteristics of raw sewage (average + standard
deviation) Operating conditions

Parameter Unit Value
Biochemical Oxygen Demand (BOD) mg/L 150 £ 20
Chemical Oxygen Demand (COD) mg/L 290 + 40
Total Suspended Solid (TSS) mg/L 120 £ 30
Volatile Suspended Solid (VSS) mg/L 84 +20
Turbidity NUT 120 + 40
Ammonium (NHs-N) mg/L 20+3
Total phosphate mg/L 6+15
Temperature Ce° 29+3
pH 7202
Nitrite (NO») mg/L 0
Nitrate (NOzs) mg/L 0.4-0.9
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Once the plant has stabilized, two or three experiments were
carried out each week. Suja and Donnelly (2008) collected data
after 2 weeks started from flow has been changed to ensure
stabilization and acclimation of biofilm to the new condition.
Pedros et al. (2007) waited three weeks for the same reason. Both
groups of researchers used constant characteristics wastewater.
Yasir et al. (2018) used fluctuating municipal wastewater and
waited ten days to allow for any possible change in biofilm
behaviour. This study used fluctuating municipal wastewater
maintaining of fixed organic load was not feasible, because of that
the steady state of biofilm after each variation of flow was not
anticipated this is similar to the study curried out by Yasir et al.,
(2018), in spite of that, almost one week waiting period was spent.

2.4 Analytical methods

The samples were taken to the laboratory in two-litre plastic
bottles and immediately analysed for BOD, COD, MLSS, VSS,
pH, and temperature following the American Public Health
Association Standard Method. Method (5210) was for determining
BODs, (5220 C) for COD, (2540 D) for MLVSS, (2540 B), and
(4500-NH-3 C) for VSS. The DO concentration and pH were
determined using an O electrode and a pH electrode. This
experiment maintained a dissolved oxygen (DO) level of above 2
mg/L by continuously supplying air to the aeration tank as
recommended by other researchers (Cao et al., 2017; Qasim,
1999). The wastewater pH before the treatment remained at
approximately 7.2+0.2. The experiments determined the effects of
three hydraulic retention times (HRT) on the organic matter and
nutrient removal performance of the non-coated and coated media.
The recommended HRT for this set up is six hours, and the
recommended filling ratio is 65%.

2.5 Mathematical and Kinetic Modeling

2.6.1. Modified-Stover Kincannon Model.

Mathematical and kinetic model are used in biological wastewater
treatment to predict the performance of biological plants, and to
determine important variables and critical kinetic parameters. Two
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mathematical models commonly used to predict substrate removal
rate are the Modified Stover-Kincannon model and the Grau
model.

The Modified Stover Kincannon model has been proven to be
suitable for biofilm systems. This model was used for various
biofilm reactors, such as static granular bed reactor (Debik and
Coskun, 2009), up-flow aerobic immobilized biomass reactor
(Borghei et al., 2008), up-flow anaerobic fixed-film biomass
reactor (Priya et al., 2009), and MBBR (Hassani et al., 2014).

In this model, substrate utilization rate (dS/dt) is presented as a
function of organic loading rate (OLR). The generated modified
Stover-Kincannon kinetic model can be expressed using equation
(1) (Stover and Kincannon, 1982).

ds _ Q(Sp—S) _ Umax(%)
T R 1) (1)
Where:

ds/dt = substrate removal rate (g/L.d)

Umax = maximum utilization rate constant (g/L.d)

Kg = saturation value constant (g/L.d)

V = reactor volume (L)

Q = influent flow rate (L/d)

So = influent substrate concentration (mg/L)

S = effluent substrate concentration (mg/L)
Equation (2) is obtained by inverting equation (1) as follows:

ds

@ = w = ns ) @

Q(So—9) Umax \QSo Umax

The values of(U,,4,) and (Kz) can be determined through linear

. v . - 1 K
regression of versus — in which and —2- are the
Q(SO_S) QSO max max

intercept and slope of a linear graph, respectively.

2.6.2. Grau Model
Grau model was also used to evaluate the rate of the
biodegradation process occurred in the bioreactor. The general
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equation of a second order substrate removal, which was proposed
by Grau (1975), is expressed by equation (3)

—ds se\2
=k.x(3) 3)
Integrating and linearizing equation (3) resulted the following
equation:
SiHRT _ HRT + Si 4)
Si—Se Ks.X

The second term on the right part of this equation is assumed to be
a constant, therefore:

LI = n.HRT +m (5)

% is substrate removal efficiency and is represented by1/E.

Therefore, equation (5) can be rewritten as:

B — n.HRT+m (6)

The value of m and n can be calculated respectively from the

intercept and the slope of a straight line obtained by plotting HRT

Versus SS‘H—;RT Finally, the value of K, can be determined by using

1 e

equation (7) (Borghei et al., 2008):

m = = )

Ks.X

Where K is substrate removal rate constant ("*d) and X is average
biomass concentration in the reactor (mg/L).

3. Results and Discussions

3.1 Evaluation of Kinetic Modelling

3.1.1. Modified Stover-Kincannon Model

Several methods have been used to describe the overall kinetics of
biological and biofilm reactor. To carry out this analysis, different
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global parameters, such as BODs, COD, NHs, POs, etc., are
usually used as input substrate (Hassani et al., 2014). In this study,
the Stover-Kincannon and Grua second order models were chosen
to determine BOD and COD removal in Cosmo ball biofilm
reactor.

Figures 3(a) and (b) showed the effect of total biomass
concentration on the kinetic coefficients of the modified Stover-
Kincannon model for both coated and non-coated media. The
generated modified Stover-Kincannon Kkinetic model can be
expressed as mentioned early in section 2.6.1 using equation (1)
(Stover and Kincannon, 1982).

The value of saturation constant (Kz) and the maximum total
substrate utilization rate (U,,4,) Were obtained from the slope of

. . 174 .
the line by plotting 2GS Versus 05 from equation 1 and can be
calculated as follows:

From Figure 3(a) the equation that found it is:

Y=1.2418x+1.8072

Therefore, = 1.8070 = U,,4,=0.55 g/L.d

max

Kp

= 1.2418 = K= 0.68 g/L.d

max

Therefore, the value of U,,,, and Ky are 0.68 and 0.55 g/L.d,
respectively for BODs, with a correlation coefficient of 0.99, while
the corresponding values for COD are 4.61 and 3.42 g/L.d, with a
correlation coefficient of 0.99 when non-coated Cosmo ball was
used. Using coated Cosmo ball resulted in (Kg) and (Upay) OF
2.46 and 2.38 g/L.d, respectively for BODs, with a correlation
coefficient of 0.98, while the corresponding values for COD are
5.74 and 4.9 g/L.d, with a correlation coefficient of 0.99. Table 3.
presented the constants determined in this study by using Stover-
Kincannon model.
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In this study the values for saturation constant Kz and maximum
utilization U,,,, are larger for coated media than for non-coated
media, which is similar to the results obtained by (Noroozi, 2016).
Ky and U,,,, increase due to the increase in the population of
microorganism in the biological system. This is because organic
matters were being consumed at a faster rate by microorganism.
According to the Stover-Kincannon kinetic model, the value for
saturation constant Ky and U,,,, obtained in this study are within
the determined range reported in other studies. The constants
determined by previous studies from using these models are listed
in Table 5 and compared with the coefficients obtained in this
study.

14 BOD
12 y = 1.2418x + 1.8072 ,/l
10 R?=0.9952 .=~ . Coated
@ Jpe
S 8 -
< = Non-coated
X |
- y = 1.0307x + 0.4188 ) BaCoated)
R0.986 =2
2
0
° ’ * vis) ° 8 10
@)
COD
450
4,00 0.2923x + 1348y =
3.50 0.9943 =2 B~
3.00 a"i A Coated
@ 250
3 2.00 y = 1.173x + 0.2041 ®  Non-coated
~ . —
g 1.50 R0.9809 Coated)) u.k;
1.00
0.50
0.00
000 050 100 150 200 250 3.0
V/(Q.S0)
(b)

Figure 3. Modified Stover-Kincannon Model for Removal of (a) BOD
and (b) COD by Coated and Non-coated Cosmo Balls/
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Table 3. Kinetic Constants Using Modified Stover-Kincannon

Substrate Modified Stover-kincannon
Umax (g/L- d) KB(g/L- d) RZ
BOD(non-coated) 0.55 0.68 0.99
BOD (coated) 2.38 2.46 0.98
COD (non-coated) 3.42 4.61 0.99
| COD (coated) 4.9 5.74 0.98

3.1.2. Grau Model
Figures 4(a) and (b) depicted the effect of total biomass
concentration on the kinetic coefficients of the Grau model for
both coated and non-coated media. Equation 6 was plotted (Figure
4) to determine the Kinetic coefficients (m, nand K;), and the
constants determined are shown in Table 4.
For instance, in Figure 4(a) the kinetic parameters m, n and K
were determined as follows:
Y= 1.085x+0.0934

Therefore, m = 0.0934 and n = 1.085
Then, from equation (7) the K and the biomass concentrations (X)
in coated and non-coated media in aeration tank were determined
as follows:

Total VSS = (VSS settled in the bottom of aeration tank + VSS

attached to the media + VSS during the aeration process)

For coated  =4800 + 2231 +77 = 7108 mg/L
For non-coated = 5500 + 1104 + 44 = 6648 mg/L
Therefore, X =6.648 g/L

S; = the average concentration of the BOD or COD in the aeration
tank at different HRT
Therefore, S;=0.039 g/L

0039 1
S 7 0.0934.6.648 0.062 ~day

Therefore, and as mentioned above the values of m and n are
0.0934 and 1.085, respectively for BODs substrate, while the
values for COD substrate are 0.045 and 1.2785, with correlation

314 Copyright © ISTJ il sine ol (358
A g glall 4 gal) Alaall



International Science and 26 ) Tyl plall T 0 gt

Imtmrnastional Mebrmes mad Torlmeing demraal

Wb Aoyt Volume 26 STJ%

coefficients (R?) of 0.99 for both substrates when non-coated balls
were used.

When coated media were used, the values of m and n are 0.0243
and 0.983, respectively for BOD substrate, with a correlation
coefficient (R?) of 0.98; this is slightly lower than the value for
non-coated media. For COD substrate, the values for m and n are
0.0195 and 1.1775, respectively with a correlation coefficient (R?)
of 0.99.

The substrate removal rate constant (K) was calculated as
mentioned above and are found to be 0.062 d*and 0.40 d* for
BOD and COD, respectively for suspended biomass, and the
attached biomass concentration for non-coated Cosmo ball was
6.648 g/L. The values of (K) for coated Cosmo balls were 0.289
d? and 0.836 d* for BOD and COD, respectively for suspended
biomass, and attached biomass concentration of 7.108 g/L.

These results indicated that K, increased with increasing biomass
concentration. In this case, the increased efficiency was due to the
increased population of microorganisms in the biological systems.
Organic matters are being consumed by microorganism at a faster
rate, thus improving the substrate removal rate constant (Kj).

Table 5. illustrated the constants determined in this study and
compared with the coefficients obtained by other researches. In
this table and when Grua model was used, the (K) obtained by
Esmaeilirad, (2015) was 13.3'd and obtained by Grua et al.,
(1975) recorded 0.127 “1d, and the (K;) obtained by our study was
0.836 "1d. Therefore, there is a big variation between our study and
the study conducted by other researches which makes it very
difficult to make a comparison study and this happened to the
Stover-Kincannon model as well. However, in Stover-Kincannon
model very easy to figure out the parameters from the figures
rather than make a complicated calculation when Grua model was
used. So, Stover-Kincannon model can be recommended to be the
best kinetic to use.
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Figure 4. Grau (second order) Model for Removal of (a) BOD and (b)
COD by Coated and Non-coated Cosmo Balls

Table 4. Kinetic Constants Using Grau Model

Substrate Grau Model

m n K; Q) R*
BOD(non-coated) 0.0934 1.085 0.062 0.99
BOD (coated) 0.0243 0.9837 0.289 0.98
COD (non-coated) 0.045 1.2785 0.40 0.99
COD (coated) 0.0195 1.1775 0.836 0.99
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Table 5. Comparison of Kinetic Constants Using Modified Stover-
Kincannon and Grau Models Obtained in the Study with Previous

Study
Substrate Stover-Kincannon Grau Second order Reference
Upnax Kg R? m n K. Rr?
L.d (g/L.d =
(g/L.d) | (g/L.d) @
BOD (Non-coated) |0.55 0.68 0.99 0.0934 | 1.085 | 0.062 0.99 This study
BOD (Coated) 2.38 2.46 0.98 0.0243 (0.983 [ 0.289 0.98
COD(Non-coated) |3.42 4.61 0.99 0.045 (1.278 |0.40 0.99
5
COD (Coated) 4.9 5.74 0.98 0.0195 [1.177 [ 0.83¢ |0.99
5
COoD 11.74 12.32 0.99 0.1084 (0954 (133 0.99 Esmaeilirad,
7 (2015)
COoD 101 106.8 - 0.047 |1.007 |3.582 - Borghei et al,
(2008)
COD 1 213 0.99 1.839 (284 |- 0.96 Sahariah &
Chakrabarty,
(2013)
COD - - - 0.002 |1.346 |0.217 Grau et al., (1975)
4. Conclusion

This study evaluated the kinetic parameters for BODs and COD
substrate using the Modified Stover-Kincannon and Grua models.
The BODs values for the Modified Stover-Kincannon model are
Kz= 0.68 ¢g/L.d and U,,,,= 0.55 g/L.d, and the corresponding
values for COD are Kz =4.61 g/L.d and U,,,,,= 3.42 g/L.d when
using the non-coated Cosmo balls. The values for coated Cosmo
balls are Kz=2.46 g/L.d and U,,,4,= 2.33 g/L.d for BODs, and the
corresponding values for COD are Kz =5.74 g¢/L.d and
Unmax =4.9 g/L.d. The experimental values are similar to those
from the Modified Stover-Kincannon model; the correlation
coefficient (R?) is 0.99 for both the coated and non-coated media.
The BODs values for the Grua model are m = 0.0934 and n =
1.085, and the corresponding values for COD are m = 0.045 and n
=1.2785 when using non-coated Cosmo balls. For the coated
media, m = 0.0243 and n = 0.983 for the BODs substrate, and
m = 0.0195 andn = 1.1775 for COD. The (K,) values for the
BOD and COD of the non-coated media are 0.062 d* and 0.40 d.
The values for the BODs and COD of the coated Cosmo balls are
0.289 d* and 0.836 d*. The experimental values are similar to
those from the Grua model; the correlation coefficient (R?) is 0.98
and 0.99 for the coated media and non-coated media. In the
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Stover-Kincannon model, the parameters can be easily determined
from the figure, while the Grua model requires complex
calculations to determine the parameters. Therefore, the Stover-
Kincannon model is suitable for evaluating the kinetic removal of
BODs and COD from domestic wastewater treated in a biofilm
reactor.
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Abstract

Cooking gas, or the so-called natural gas, is a very important
substance for all societies, and the process of transporting it and
distributing it to homes is one of the things that occupy the local
administration most in all countries, At this time, there have been
many methods and means of transporting and distributing natural
gas, some countries use the distribution network, others use home
tanks, and some use cylinders and in many cases more than one
method is used to transport and distribute gas to the home
according to spatial conditions. But in our country, the matter was
reduced to the use of domestic gas cylinders (LPG) in transporting
and distributing gas to homes, which increased the local market’s
need to demand gas cylinders with the increase in the population
and the increasing demand for gas. This led to an increase in the
import of gas cylinders from abroad in hard currency ($), even
though the Libyan state has two cylinders factories in the western
region, one in the League and the other in the Usti Milad region,
which can be used in the manufacture of gas cylinders to cover the
demand in the local markets and reduce the import from At the
same time, it is possible to make use of the iron produced in the
Iron and Steel Company factory in Misurata, and this is a matter.
This is a topic.

In this paper, the possibility of using iron material for the Misurata
Iron and Steel Company was studied in the manufacture of local
gas cylinders, and all the tests and requirements of international
specifications (ISO4706 - 1SO 6892-1S022991 and BSI5045) that
have been conducted have proven that gas cylinders (LPG) can be
manufactured with success. Inside the country and the saving of a
large sum of foreign exchange that is spent on importing cylinders
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1-Introduction

Given the importance of domestic gas in our daily life, and the
lack of any means in our country to distribute household gas other
than cylinders (LPG), therefore it was necessary to research and
study the possibility of developing and improving specifications
for these cylinders. One of the important points in the topic is the
manufacture of these local cylinders to reduce the import of
household cylinders in order to cover the local demand of
cylinders and reduce the cost of importing cylinders to facilitate
transportation and handling and reduce the cost of production. To
achieve these goals, the type of cylinder under study was
determined (LPG 26L). The manufacture of the cylinder is through
iron metal (iron type) produced from the Iron and Steel Factory
Misurata, which was used in the manufacture of the cylinder body
and that is within the framework permitted in the international
standards used in the manufacture of cylinders (1SO4706 —I1SO
6892-1S022991 and BSI5045).

For the success of the study, a group of fourteen cylinders were
manufactured, with a capacity of 26L, and a thickness of 3mm
millimeter. The metal was used according to the approved
specifications locally produced "in the Misurata Iron and Steel
Company. Due to the necessity of adopting the results, all
cylinders were subjected to a process of manufacturing tests and
experimental tests, which included a visual detection test, a static
pressure test, an underwater air pressure test, and an X-ray
detection test. And the blasting test on samples and all these tests
and measurements were 99% in accordance with international
specifications. The average weight of 14 cylinders pro