I o o I
WALUT UNIVERS

"

ye Vc/
\f,’//

N

o~ i

vl g Serale

g L jlaol
duoUlg duwasaall oglol uuo BJI poigodl Sloud
«dy BoJ | apoud| el 0 dwsuall ogloll jga»
GgJl deob - grlo duwsiadl dds ai o s
02022 ) 0322 120 g0 bpiall 0

JoUl cjaJl

& www.nu.edu.ly




[[2h ]
w. {ﬂ
NALUT UNlVERSlry

Annual Refereed Scientific Journal Issued
by Nalut University

Special issue

For research papers displayed at the 5" Conference

for engineering sciences and technology. organized

by the faculty of engineering/Jado/ Nalut University
From 20" To 22" December 2022

VOL (1)

& www.nu.edu.ly



o
7 W
%
' )
E‘;‘
: zm‘?@
-5
i’,
3
&t
b
b
S

NALUT UNIVERS 1

dotadaditd] (106 sont &by
Gl daala (8 aual Ao Asale dlas
:Jalh aac
A ot ] 0] g0 ) il
(O ol sl 2 Aocigh pgladl 90)
gl At - GOl e deiell| uelS pomdiii
( 2022/12/22-20

Joill cjall






(bl

NALUT UNIVERS

il AR0l O e Aomad duntels Ao

bl — il
02022- wigdli diul iy Guainknd
bghan Golallgras

il slaall Balains) (3l 8 g a0 ) Alaall 028 iy sina lanal Bale by prany Y
3 e e ad 03 (50 JSEY) (e IS5 (sl Lealuiin) ol Ll
All rights reserved. No part of this Journal maybe reproduced or
transmitted in any means, electronic or mechanical, including
recording of by any stored retrieved system, without the
permission from the publisher.

Gl — dathgll il gla - 2018/ 293 Al glay) by
ot | i el 0 Gt (i Ll oSG I s 25
(ot S | s | (S et | o b 599
Jod) syall - iglli dnuold - §akd duniidendl duelS ekt
ol — gl — gl daaly ) g
alall ;lﬁdi
PV SIEN M98 25 — Ludd Jala Ll (30) i)

Ceaill) lillata (1 g Alalial) oy ¥ Ciladiall i B Lapdli of 5 gdiall digand) auais ¢
Axalall o aal) g oo Bamalls i ¥ By gdiall Gigad) Oy il 138 B aSaTi ) A i)






oo A

(el

NALUT UNIVERS

Gl daaly Wyjaal daSaa duale dlas
Ll — &l
el it | et
bl |l ol |
£ tanal L .2
oyl e eyl | 5
dasd olde canhll daaa .2 S gy Oy
Pp| Saaw { -
) amill tana a0
Uhsial e JS..U,J QS oe
I jae dana .2 @
Aol | dtad ||

L
[ ]

SSas Oladlu Jale .
Qe Sigal Julal) 2 o

——

a9 G|
dde Sladdu Jile ] @

S Chates g3l 0

falal) dana) Glands .|

sharws@nu.edu.ly : MUl ol giadl Ao Alaall g SN & ) & gal) o 5













" W7 B il e

gl | 29 ot ()

s Anluyly il aslall ¥ lae & Alual) Gigadly bl ag sl dlae il
LS ¢ il d835 dngiall oamgy SA Allal tun (g alall Cindl Cilaghe g JisT
@ Daalal) il Glasles (i€l daalyey Clsailly Ghagall pole daall yas
lle Cylaiall dilshady alell il Jagyd lgd Jagn o o cashell O laa Cilide
Lalle
b s 8 058 YTl dekall Gigadlly bl b oy sdigand) sl Allal 1
P eadgiiall sl g 5N o) ed)oll LIS maans daale &0)50 ) ¢ddsn of cidae dlaa &
Al suially
ool Cus e coxclly oalall i) Jgeals aill g talal) giall Aadlw 2
LS 3 Lo alanall aelaall 385 @iy caalially badl) @iigiy clallaadly ()l
alall Ergally culudal)
Syl a il desid) Cisadly @laball A e o) sy Al AW 3
Al ale 3 Gacadie U8 (e dealyal) dled) a3l cdsplaiy]
Slale Ay Caalill 2di Vg clgd il Jlae ysal dladd) alis : pdilly dSlal) (§g8a 4
JE (Lilgs Vel pdall dhay Jost Sl Hlad) dyaans Wlgd pdn Al Gl (e Al
Alae & 8 oy Alall deviall Jlee¥) GlaaY o ¥ Cus sl Sl Gsia
Aalall LY lal Uiy dlgiaall Crgad) yis 8 lghay Alaall Laiatg (g Al
Ay gally Glahall ailly Daalall Glaahalls daall Jad rdlaall gawds 5
@by Alaall pan WS L8l doalally dpSill daal) @y BN agies Glaalyl)
el Leaiting dualel) colgaally ¢yt 3al)
o Yy ofialll [ Gl Hli dgas o e dladl (B Hd0 L6
Aralall ol sl i dgag oo
Py Al A i) diph (Lt

Sleha¥) e 23l il Ladall JleeY) pats
@ oo A Adghaally oaga Vaumie "Alaally Ll (il z3sai Ao Gaall) adgy 1
a8 i) Han ol alee ol o)Ay e Alla 8 Canal) lBDIAY lan ol el
Ayl Alla 8 lgie Basly (0 o b ) aillag 9T dudle Lygo ol Al



s pdag Alaall (68l asali) Jgeags Gl &30 a daall Caw llas 3@l are 2
ol

v oy @3 ol et Al 4 e Gl 3uh (e same gl Gaalyiel pae 3
(oalell alee D) sl s B sl Jual) dilay e Gl bl 2y 4
sga b il Clehal dalie ge TV ab o Sl (Ciang o) Gl adlkely sy
) aal)

e oo LRl Gai Al algd 20 s deadl s 2l (8 Gl j0 S
A ya dab Shliel by @l gy cdlall

A,sl) ae )b (GG

tlaall & il Gl dlae) wie A @l AN ke g 34 o s

e e Jis cdasdle el 4 Ly ddada pde e Gl Gladia e an Y ol 1
lada

@iy (cantiyll lgial) el 8 Ly AaS Gpdie ce Glsinll LS 0 Y o 2

Ju Yy S5 e Ja Yy 7 e Anbitdl Gl unY ol 3

300 g dladY) dallly 4 250 ge dupall Aalll adldl Gl 2ae 2 Y o) 4
B

elin alasiul fisneSll o legidang duplasy) of dunyal) alL s cand) o3k 5

14 »aa Simplified Arabic laasg (1.15) (Microsoft-Word) 1,59 b g <aa
¢dplay) Ll Gall 12 aass Times New Roman ladsg cdwjal) Zalll Gl
Aaaig dyg gt EDG (e 2y dng Gle A4 G5 Ao ¢ 11 Ldewdl ialsgll Tad anag
e ) 'CD" e 4 yl) daig 485 fesi o g i)

JKaY Ty Jglaall @y 8 Loy 35 Gslll Canill JalS S 6

N ) Gl e (oY) dndiall B ek o a7

Gl Glsie .
Osiald) g Gaald) o
dand) dgad iyl Olgiadl
calll g SST alls Asanall Citlsgll A8



S el b clialdl [ ofiald) [Ealll anl S5 axe Giag Al Lyl Glecal 8
(0glisn [ agilion ol caiign (RS 5] &l Dlaia
gl e Ly sl lilialy Ghlad) e Guld lgal o Clbaay Gl Jasiad 139
Al o el e ag ol 1Y) Lelewiad A BSY) e ALS A aah o aglad e
23ny Oy ing b Lgllaxiuls 4l rans ) Lugildll ClshaY) ) nda Oy caisdle 385
S 8 8 ) Al Lo Jpemall lelil oKa Al A Gl e Cpuiinall
Gl Jab Ll 5Ly ) aaal)
JEEE 10 4k Jesia _10
cand) A Gl Ly cdadiadll cpadlal) e gginy of an Dl sl i 2ie 11
bl (z Bl Al bl ) Ay cadlaal

Bgpa tolally desll 138 lisSe g (Ualin) plhas Ciabis ey (e a9 L)
oyt Ao Jaall dandl Slad) ) cdpalall dingy cCanall Ui (B (5) sl pndd s
A goasall adli (pacdill Gl sl cladall s cilaall Ll slaeY) aaf 8
lyg cassalaiyy dupal) Galll 4 (300) S ¢(250) lislass ¥ Cifie i ol e
: Al Joaall Cuws

.......... ) e gga] e Poaadd) | S )
.............. s 4tada i Cerseeeaiieeaae o 4:\.&“‘ AAJJI\ ceseseenesieneans ( a) Gald) ‘M.u\
.......................................................................................... ) olgie

Gl ¢ A1lCEa ¢ gaadiall LAl dlis g ¢ Gad) Jlaa L) 508 Slal @bl can: Gaddal
L diluad ¢ ddlaaf ¢ oplud)

O 58 LS ) Qe ) Lendie ¢ pdill aniall dlee LGS (5 ) Gald) a5l 12
ol vl Jeall (b ol Aallie Al 8y caliud

:Aluy) aglal) zigad 1

bl Syl (Gan ) DA cagaal) (AradY) (Cagll cAadiall (padlall tacay o Caa
Gmad) (&) L) llaalle L Jo¥1 Gl [Cad) asd cGanil) Angie il il
aaballs poladl zmaNly sl ) Ll JeY) el S



thafidail) aglal) g igal _2

[ 4l Gl Lagie clucaydll Ailull Glahll cdasidl (gadld) e (siag
bl (Lilaa) @bl diay/ duhall @lgdl [ Al cGanl adine [ dxlge [ dasacsd
abaly pladl (luagill or by (sl
iy daesh opslie e ggind el il g ridaadle
4. dlaall & ) diph Ay aagn WS i) Glgl i i) g

: yaligall ilaal

Laatll 8 )l e Limpes Al claall 3 saall ekl e Sl e
ikl

-

On deadl daavig VLA S cuiElly cuanlSY) o chadlly Y Jols e

aabeally Luwrigh CLISH jen Laliall Bty arecal & Adba) Dowxigll LY

Glscsgall (g Lagin Janlly (oaled) Cnl gl 8 Alledl) dealesall 3 Ayl
LAkl il

P aigall glaa
slaall
Lkl dodaiil] dunrighl. 1

Cel&d) g sl LT jea -
el Ay davia —
Ol clleey Lasll < -
S ygkaig daslasS s sully 4kl alilasll -
Sl 2 Y lasa dui —

Gupalally duilipgsl) duigh) .2
AUl dakadl dsda —
silly LY (sl cillans -
eyl dadail -



Bygually HLAY] dallea -
KA Aadal g cagag g aSall Aadai] il —
einaliy L canlall il -
Bylaadly duinall Lunigll. 3
oLl alga g dilu dl) culuis —
alualy COlalgall dunia —
Aol Sl yag ALY dwxigl) -
Al 3)gally danl) doia —
cshanll Gllly (granl) Lasdasilly 5lesll -
LAYy Shand) aracail) 8 Lgileladindy darigl il —
Glagleal) 441854
- Sleylsadly sl agle —
caxeiall Jailosoll 4w —
bl aclg Ak —
+Aaig iSY) 8ylailly daSeall —
CAulsad) Gbleadly cilisayl) A —
Los Lially ASalSial) Lunigl) 5
cllaall aranaiy dadal —
B by 2 plly Causal) dada) -
Al dalladly alalll iy Y cllee —
Aacliall clilaall = Sl clag -

gl agle —



Al peally Anslynl) Luigll. 6
ladd) CaliSan) dwaw —
Glalall (galai®y aval) —
by Jadil) CalaSia) dwaa —
gl Ay -
A3l dunsigl) ks —
ey allee = lgaladinlg 2 e Hladow) clug —
rdaially dawaigd) 3. 7
cAigll aopliall 3yl —
Cosnhll 4l ) gall dalaia) —
Al LaBls Laliall eyl —
Al Hhalaally clalsall §)laly dadya-
Bagall 8yl dakail —
adaial) cildlal) cilaifiy ciluani)yind. 8
Agilandan g saaatial) calilall jalias dwlya —
-8a2a%l) dBlal) alay Blvay Julaty aveal =
-Ba2atial) A8l aSanllg (pjanl) ol calads —
AU A i Jaty Sy aana
-8a0a4l) d8Ual) aladnaly A8 Iy Gladl iy -

c o ey (ol dusanll g -









10

18

43

56

78

88

97

109

oo ok
Ulgisll
Arnglgnall Awniall

Facies analysis of the Kurrush Formation, Gharian area Jabel
Nafusah
Emhemed Alfandi, Mohamed Ali Alrabi
Biostratigraphy of Ghanema Section (Lower Miocene Al
Khums Formation)
Ali.M.Al Naddari, Amar.M.Gammudi

Alilyasll Awaiall
Comparative Performance Analysis for Transient and
Steady State Response of DC Motor with One and Two

Degree of Freedom Phase Lag-Lead Compensators using
Frequency Response Technique

Ahmad Mohamad El-fallah Ismail
Cough Sound Based COVID-19 Detection System Using
Machine Learning Algorithms
Basmah A. Abdulhamid, Khamis F. Alarabi Aljribi

Ol oyl ol a1 (oo chadial! Al o Uadlius Y davee) ST i1 duelyd
& paud! AL ¥ 0¥ Lt Aalad] B g1

23 analdll 5ol slaas ¢ iphal) dana Ly ) 2ana e

Mitigation of DDoS Attack in SDN Technology Using Load

Balancing Policy
H. Alshrif, B. Ghariba
Towards adopting Virtual Computing Labs in Libyan
Higher Education Institutions
Elmarash Abubker Abdelsadiq, Gharsa
Enhancement of earth grid electrode performance by
adding parallel-insulated conductor.
Asheraf Eldieb, Salah Mousa

ll-.I - . II L 1] L] II
The Effect of Urine Matrix on Absorption Signal of Trace
Elements in Flame Atomic Absorption Spectrometry

Abdelsalam Asweisi, Mohamed Elbakush, and A. S. A.
Sammour

J .G



115

124

140

156

170

182

An Investigation of Usage Eco-friendly Corrosion Inhibitor
in Acidic Environment
Abdalbaset M. Algish,Fathi | Ashour, Salah.M.Algoul,
Abdalhamed A. Musbah
High-density polyethylene/date palm tree fiber composites:
Effect of chemical treatment and fiber type
Anour Shebani, Hussein Etmimi, Omaya Abujarir, Ebtesam
Ahmed
Physiochemical and Mechanical Analysis of Local Gypsum
Deposits, East Benghazi, Libya
Ibrahim M. Abou EI Leil, Ahmed Mohammed, Farag Adam
Phytoremediation Treatment of drilling cuts contaminated
with
petroleum hydrocarbons using Bermuda grass (Cynodon
dactylon)
Adel E. Elallam
Upgrading OF Tajura Seawater Reverse Osmosis
Desalination Plant By Integrated Membrane Systems
Abdulghader Elarbi, Mukhtar Ashur , Melaed Musbah
The effect of middle components purity in quaternary
mixture separation using distillation system
Jamal Ahmed Enghita

10

11

12

13

14

15



ey Onl Gl | sl e



Fifth Conference on Engineering Sciences Facies analysis of the Kurrush Formation, Gharian area
and Technology (CEST-2022) 20-22 Jabel Nafusah
December 2022/ Libya

Facies analysis of the Kurrush Formation, Gharian area

Jabel Nafusah

Emhemed Alfandi *, Mohamed Ali Alrabi ?,
1 alfandi73@ yahoo. com, 2 mrabeib2006@yahoo.com.

! Department of Geology, College of Science, Sabrahath University, Libya
Z Department of geology, College of Science, Zawia University, Libya
*Corresponding author email: emhemed.alfandi@sabu.edu.ly
Received: 00 October 2022 / Accepted: 00 November 2022

Abstract

This paper presents the facies and depositional environment of the early Mesozoic
Kurrush Formation. The Early Mesozoic records of northern Gowdwana were
influenced by sea level-changes during the opening of the Neotethys Ocean. These
records are clearly noted in the north-western parts of Libya, which were located on
the tectonically active subsiding margin during rifting, and subsequently the opening
of the Neotethys Ocean basin. These records include the Triassic sedimentary facies
of the so-called Kurrush Formation in the Gharian area in Jafarah / Nafusah region.
Field work in the area, and petrographic studies in the area have indicated that the
Formation consists of red micaceous sandstone, mudstone, and siltstone facies
overlained mainly by carbonate rocks of Al Aziza Formation. These facies might
have been deposited in transitional environment , possibly of delta plane. This study
is intended to investe the possible influence of the tectonic activity on the depositional
environment of the Kurrush Formation in the area.

Keywords: Sandstone Formation, Early Mesozoic Transitional environment,
Nafusah region Libya.

1 .Introduction

The Kurrush Formation previously known as Ras Hamia Formation[1], Boutoniere
and Currusc Formation [2,3,4], is the oldest Mesozoic rocks exposed in Nafusah/
Jafarah area. Although these has been controversy among these authors about having
the rocks of this formation, their studies seem to describe same rock of the upper
Kurrush Formation cropping out at or near small domes in Gharian and Wadi Ghan
area.

according to[2,3,1,4], the Kurrush Formation consists mainly of red and brown, fine
grained, micaceous sandstone with yellow to green clay and pale red to brown
micaceous sandstone with minor calcarous inter beds at the top. subsurface studies by
[4] on the Kurrush Formation at well A1-38 indicates that the Formation consists of
581 meter of gray, fine to coarse grained varicolored shale and sub ordinate
dolomite. Most of the above mentioned studies on the upper unit of the Kurrush
Formation in the Gharian area was delta with the lithological and stratigraphical
description in the field, and have net attempted to utility these delta to study
depositional processes that from theses rocks. This study is intended to use surface

—
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and cahrotary data in interpretation of the depositional environment and tectonic
setting of the upper Kurrush Formation.

2 .Location of study area and Exposure of Kurrush Formation.

The Kurrush Formation is the oldest Mesozoic rocks crops mostly in the Gharian
area. it was previously known as Ras Hamia Formation [4]. The Kurrush Formation
is exposed in four place in Gharian are, where all exposures are at ,or nearby centres
of small domes (Fig.1). Two exposures are just north of Gharian town, willies on the
other two just to the east of wadi Ghan Fig.1 [5]. The Kurrush Formation in
subsurface oil well (A1-380 has been described by [4], who pointed that this
Formation is underlined by Al Guidr Formation (well A1-38,). According to [4], the
Kurrush Formation in this well consists of 581m of grey fine grained, and varicolored
shale and subordinate dolomitie, while in its base tend to be constitutes of white to
grey occasionally dolomitic limestone (myophozia beds).

Mediterranean Seal

o
L e
>

'Ras/AllMazulDomes’ 32°30N
’r - - - g

»

Wellidata

12°00E 13°00E 14°00E

Figure 1. DEM map showing 1) the location of the Gharian area and the Ras Mazul dome region
and 2) the subsurface Al-38 oil well loction for the Kurrush Formation

3  Field description

Exposures from three localities are used to describe the main sedimentary
characteristics of the Kurrush Formation. These characteristics are summarized in
Table 1.

3.1 South of the Wadi Abu Shaybah

This section is exposed in the area south of the Wadi Abu Shaybah located
approximately 2.5 km to north of Gharian town. It shows the contact with the
overlying Al Aziza Formation. Here, the Kurrush Formation is characterised by
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facies (F-YS).F-YS is dominated by pale yellowish orange (10YR 8/6) fine-grained
sandstones with minor dolomitic beds. This facies is capped by dolomitic limestone
facies of the Al Aziza Formation. The maximum measured thickness of the yellow
sandstone facies (F-YS) is ca. 0.90 m. The sandstones are massive, lack sedimentary
structures and are lacking fossils and bioturbation structures.

3.2 North of the Wadi Abu Shaybah

This section is exposed along the north side of the Wadi Abu Shaybah . The main
characteristics of the section are illustrated in field photographs (Fig. 2.A and Fig. 2.
E) and a graphic log (Fig. 2. F). The log was recorded from the northern side of the
Wadi Abu Shaybah and is characterised by reddish micaceous sandstone facies (F-
SR). The maximum measured thickness of facies (F-SR) is ca. 1.10 m. The facies
comprises moderate red coloured (10R 4/6), very fine to fine grained sandstone that
displays symmetrical ripples. These have an average wavelength of 1 cm and crest
height < 1 cm (Fig. 2.E). Some of the cross laminations have a north westerly palaeo
flow direction (Fig. 2.F), although limited palaeocurrent analyses (n = 5) were
conducted due to the poor quality of the sedimentary structures. Fossils and
bioturbation were not observed in this facies.

3.3 West of the Wadi Abu Shaybah

This outcrop is exposed in the northwest of the study area along the Abu Rashada
road , located approximately 1.5 km south of Kaf Kalaya The main characteristics of
the section are illustrated in some field photographs (Fig. 2. C and Fig. 2. D). This
section is affected by Tertiary basaltic volcanism. The outcrop is dominated by light
brown (5YR 5/6) fine-grained sandstones with minor clay lenses. The maximum
measured thickness of light brown sandstone (F-LS) is ca. 1.20 m (Fig. 2. C). This
consists of fine grained sandstone and green silty claystone that displays fine parallel
lamination. The average thickness of the parallel laminations is approximately 1 mm
(Fig. 2. D)

3.4 Ras Lefa section

This outcrop is exposed in the Jafarah Plain at the Ras Lefa section, located
approximately 21 km to north of Gharian town. The maximum measured thickness of
facies (F-MS) is ca (Fig.2. B). 0.6 m.The section shows the contact between the Al
Aziza and Kurrush Formations. The Kurrush Formation is characterised by facies (F-
MS). F-MS is dominated by pale yellowish orange (10YR 8/6) mud and siltstone.
This facies is capped by dolomitic limestone facies of the Al Aziza Formation. Fossils
and bioturbation were not observed in this facies. Petrographic analysis reveals that
the sandstone comprises quartz and mica grains that are angular to sub angular in
shape with moderate sorting (Fig. 3). Quartz makes up approximately 92% of the
grains. The quartz occurs as both mono-crystalline and polycrystalline forms (Fig. 3),
but most of sandstone samples are dominated by polycrystalline quartz. Mica
(muscovite) is also present and represents about 5% of total components. Feldspars
are very rare (< 1% e.g. Sample K002 in Fig. 3). Rock fragments are also present and
represent about 2% of total components. Furthermore, proportions (5-10%) of clay
matrix were observed in the studied samples (Fig. 3).

—
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Table 1 Summary characteristics of the Kurrush Formation in the Gharian area.

Thickness Colour Fossils
(maximum) (Munsell  colour

chart)

10YR 8/6
Pale yellowish

orange

10YR 8/6
Pale yellowish
orange
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Y Locality: Wadi Abu Shaybah

Figure 2 A: General view of Reddish sandstone (F-SR) exposed in Wadi Abu Shaybah, person’s
height = 1.82 m.B: View of the Ras Lefa section showing the Kurrush Formation with the overlying Al
Aziza Formation. C: General view of light brown sandstone (F-LS) exposed in west of Abu Rashada
road..D: Parallel lamination exposed in the Kurrush Formation (west of Abu Rashada road.). Hammer
circled for scale. Fault has NW trend (white arrow). E: View of symmetrical ripples in the Kurrush
Formation (coin = 2.5 cm diameter) F: Sedimentary logs from the north and south of Wadi Abu
Shaybah and west of Abu Rashada locations.

—
| —



Fifth Conference on Engineering Sciences Facies analysis of the Kurrush Formation, Gharian area
and Technology (CEST-2022) 20-22 Jabel Nafusah
December 2022/ Libya

Figure 3. Thin sections of the Kurrush Formation from west of the Abu Rashada road. A:
Microphotograph of sample K001 taken under crossed polars illustrate moderate sorted. B and C:
Microphotographs for sample K002 and K003 taken under crossed polars, illustrating clay and
feldspar crystal at the right top of the view (C)

4. Interpretation
4.1 Depositional environment

The textural characteristics observed in the southern part of Kurrush Formation show
an overall fine-grain size indicative of a relatively low energy environment [6,7]. The
occurrence of minor dolomitic beds within these sediments could suggest a shallow
marine shelf setting. However, the lack of sedimentary structures makes
palaeogeographic reconstruction difficult. The oil well data from the Jafarah basin
which includes the presence of the Myophoria bivalve [4] provides clearer evidence
for a marine setting [8]. The mud facies of the Kurrush Formation from the Jafarah

—
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Plain is interpreted as a flood plain environment. Deposition of mud usually occurs
under low energy conditions with low flow velocity. However, the sedimentological
characteristics of the red sandstone in the Wadi Abu Shaybah indicate deposition
within a continental environment. Textural characteristics show an overall fine grain
size reflecting low energy depositional environment. Evidence from thin sections
further supports a continental environment for Northern Wadi Abu Shaybah and West
of Abu Rashada road, which the sediment possibly derived locally from quartzites or
quartz rich metamorphic rocks. The presence of small-scale symmetrical ripples is
typical of elements of shallow water waves [9] . However, it is not possible to be
more precise about whether the environment is continental (e.g. lacustrine) or marine
(e.g. tidal etc.). Siltstones often relate to fluvial environments with over bank flooding
or low energy parts of a deltaic system [10,11,12] . Furthermore, delta plain settings
often include low energy environments such as tidal flats and swamps. The upper part
of the Kurrush Formation contact with Al Aziza Formation is transitional from marine
clastics to marine carbonates. Therefore, the Kurrush is probably deposited in a
marginal continental environment, possibly a delta plain setting, with facies changes
possibly reflecting localised sea level oscillations. In the Jafarah Basin sub-surface
record (A1-38) a marine incursion is indicated by the presence of dolomitic limestone
and the bivalve Myophoria [4,12,13]. The upper part of the Kurrush Formation
outcrops in the Gharian area of Jabel Nafusah regain where it is represented by
micaceous red sandstones. Textural characteristics show an overall fine grain size
reflecting low energy depositional environment. Evidence for continental
environments is based on 1) grain size; 2) colour; 3) palaeocurrent trend and the
absence of fossils. Figure. 2 shows that the Kurrush Formation is dominantly marine
environment in the Jafarah Plain and becomes marginal marine in the Gharian area.

4 Conclusions

The sedimentary facies and depositional systems were analysed to provide
palaeoenvironmental and palaeogeographic reconstruction for the study area. For the
purpose of this study, the Kurrush Formation is not described using fully developed
facies analysis and this is due to poor exposure of facies. The Kurrush is probably
deposited in continental to nearshore environments

A number of important conclusions can be drawn from this study:

1) During the lower Triassic the Gharian area is a very low continental margin setting.
2) The sedimentary facies and depositional systems were analysed to provide
palaeoenvironmental and palaeogeographic reconstruction for the study area. A
shallow shelf sea (Neotethys) existed to the north and allows a major regressive event,
with development of: The Kurrush Formation (marginal continental environment
possibly delta plain).
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Biostratigraphy of Ghanema Section (Lower Miocene

Al Khums Formation)
Ali.M.Al Naddari (1) Amar.M.Gammudi (2)
(1.2) alialendari2020@gmail.com

Abstract

Ghanema section have been Logging and nine rock samples have been collected with
a total thickness about 15m of carbonate, these samples processed used normal
technique in order to obtain microfossil ostracoda to be used in delimit age of the
Ghanema section We obtained twenty eight genera and species. Twenty four of them
previously recorded from North Africa and Middle East four Genus left in open
nomenclature such as Quadracythere sp, Costa sp, Semicytherura sp and Uroleberis
sp. The fauna assemblages in the study section indicate lower Miocene Age
(Burdigalian) by the presence of diagnostic fossil (Aurila soummamensis) which is
widely distributed in Egypt, Algeria and Libya.

Key Words: Miocene, Ostracoda, Ghanema and Al Khums Formation

Purpose of study

The aims of this study to delimit age of Ghanemah section using microfossil
(ostracodas).

Location of the study section

The study section located North west Libya west of Al khums city approximitly30
with coordinate Km Away. Lat.32 33 00 N and long 13 30 15 00 E, see Figure .1

Ghanemah.. ¥ \ '
>

0_45

B Gargwesd Fonuation  ssssfiie é”o“‘

B Qasr Elhwe Formation *0"

[ g B

L) AldwumsFonmation =i Tertiary f
Sith Assd Formmation sl Cretaccoous

m Abu shaybah F om-n'.:or* Teriassic

Fig 1. Location of the study Area Al Khums province , Ghanema village
modified after (Mann,1975)
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Introduction

The Miocene sediments outcrops al mostly along the coastline from Alkhums to
Cyrenaica nominated by different names. also exposed in the Marada Oasis with
thickness 85-150m and comprise upper part AR- Rahlah lithological mainly carbonate
while lower part called Garat Jahanam lithologically mainly sandstone with some
Leges of carbonate ,these are usually disconformably overlies varies Oligocene rocks
while in the subsurface overlies Oligocene (Dibia Formation) . The Miocene
sediment widely distributed in Sirt Basin and Cyrenaica platform with small areas of
Al Khums to Misratah city this sediment usually parallel coastline. The thickest
sediment located in the Sirt Basin Around 853m in the subsurface (Wright and
Benfield ,1980), lithologically composed of shale, clastic and carbonate with total
Thickness. The Miocene in Cyrenaica platform Called by Al Ragma formation (Desio
1928). Lithological Composed mainly carbonat with thickness about 65
(Pietersz,1968).this Formation ucconformable some older rocks such as Eocene and
Oligocene of Derna Limestone..

Al Khums Formation (MIOCENE)

This rock unit was first described by Floridia, (1939). Mann, (1975) established the Al
Khums Formation for the Middle Miocene carbonet- clay marl sequence. In the
studied section, this formation overlies unconformable . The Late Cretaceous Sidi as
Sid Formation (Ain Tobi Member). Salem and Spreng, (1980) locally subdivided Al
Khums Formation in Al Khums area into two informal members, from base to top: 1-
An Naggazah Member and 2- Ras Al Mannubiyah Member, the An Naggazah
Member recognized in this study.

1 - An Naggazah Member:

First introduced informally by Salem and Spreng, (1980) to define the lower part of
Al Khums Formation in Al Khums area, NW Libya. It overlies unconformable the
Late Cretaceous Sidi As Sid Formation (Ain Tobi Member) in the Ghanema section.
The lower part of this member characterized by polymictic conglomerates (clasts are
composed predominantly of carbonate with chert in sandy carbonate matrix), also
contains pebbly to coarse sandstones grading upwards into medium to fine grained,
poorly sorted calcareous sandstones, fossiliferous with gastropodes and pelecypods
shell fragments. The sandstone is forming, porous to hard, sandy, algal reefal
limestone highly fossiliferous with corals, coralline algae, oyster bivalves, echinoide
gastropods and pelecypods, (Hamad, 2013).

2 - Ras Al Mannubiyah Member:

This rock unit was first described by Salem and Spreng,(1980) to define the upper
part of Al Khums Formation in Al Khums area, in the eastern side of Ras Al
Mannubiyah village, about 8 km west — southeast of Al Khums, NW Libya.This
member not exposed in the Ghanema section,This member overlies conformably An
Naggazah Member and underlies unconformably the Quaternary clastic

11
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sediments.This member composed of highly fossiliferous algal reefal limestone
separated by white cream - coloured chalky limestone bed. algal reefal limestone,
highly fossiliferous with coralline red algae, gastropods and other bivalved shell
fragments, The environment of deposition variety from neritic to littoral and lagoonal(
Hamad,2013).

Lithological section of Ghanemah

The total measured thickness about 18 meter mostly from Al Nagazah member, the
top 3meter belong to Quaternary sediments covered top section study make
unconformable surface. We collected nine samples begins from upper part Sid As
side Formation upward the position of sample marked in the lithological log from
S1-S9, see figure(2). The samples(1,2) were located in upper part Sid As Sid
Formation contact between Sidi AS Sid Formation the lithology was dolomite very
hard, while the sample (3) consist of limestone with slightly sand ,the sample (4)
contains sand limestone friable to hard, while sample (5) sandstone grey to white , the
sample (6) consist of sandy limestone very hard, the sample (7) contains sandstone
moderately hard , while sample (8) consist of sandstone with crystal quartz
moderately hard , the sample (9) consist shell fragments moderately hard, while the
Quaternary deposits which overlain the Al Nagazh member consist of conglomerate
of gravel —boulder size moderately hard with shell fragments.

12
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Biozone of the Al Khums Formation Ghanema Section:-

Previous Biozone study using ostracodas

Many Biozone find out around Mediterranean such as Carbonnel (1969) on the
Aquitaian Tortonian of the Rhone basin in France , Sissingh (1972) on the Late
Cenozoic of the south Aegean Islands , and Gammudi(1990) study subsurface of the
Marada Formation and he recognize four Biozone from Aquitnian to upper
Regarding the age of Al Khums Formation, assigned this rock unit as Miocene.
Middle Miocene (Langhian). But on the contrary, Innocenti and Pertusai, (1984) and
El Waer (1991) assigned it as Late Miocene (Tortonian to Early Messinian) on the
basis of the ostracod content, Mann, (1975) recorded species and Genera ostracoda
indicating a Langhian —Tortonian age. In the present study, ostracoda species
recorded from the Ghanema section indicate the age Based on the following index
species Aurila soummamensis which is considered index fossil for Burdigalian age,
Carinovalva Carinata which is reported by Gammudi and Keen,(1993) as Langhain —
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Serravalian age while Ruggieria tetraptera tetraptera Tortonian age. In this study
one Biostratigraphic zone was Propsed Aurila soummamensis (Burdigalian). We
cannot depends Carinovalva Carinata, Ruggieria tetraptera tetraptera due to not well
preserved species (corroded) and partially distorted and rare species so that | will

consider as reworked species.i.e not in Situ. see Table (1) present study

Stage Al Khums Sirt Basin,Libya Turkey

" formation Gammudi,1996 | Gokcen,1985

2 Present study

(b

(2]
(3]
§ Burdigalian Aurila Aurila Aurila
k! soummamensis | soummamensis | soummamens
= e is

> o

= N

© - . o

w | Aquitanian | @ / Pokornyella

deforms minor /

Table.1 Correlation chart showing Aurila soummamensis Biozone in different
Location

Mag=174x Mag=200x

Material: Two carapaces
Horizon: Al Khums Formation, sample no.4, 7 at Ghanema studied section

Dimensions of figured specimen (in pum)

Left carapace Male Length Height L/H
630 385 1.63
Right carapace Female  Length Height L/H
546 464 1.17
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Conclusion:

Microfossils (ostracodas) very important tool in oil companies exploration , they used
to Age dating of rock sediments as well as Paleoenvironments and Paleogeography
because of their worldwide distribution and can survive into different kinds of
environments from fresh water — hyper saline water . In this study we recorded twenty
eight species; these are previously recorded along Medetraian region and Middle
East. The authors proposed one Biozone on the first appearance index fossil (Aurilla
soummamensis) which indicate Miocene Age (Burdigalin).
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ABSTRACT
This paper introduces design of different compensators and their output

response for speed control of Direct Current (DC) motor with One and Two Degree of
Freedom. DC motors are used in many industrial and commercial applications require
higher performance, reliability, variable speed, easier controlling stability, accuracy,
speed and position control of motor is required. In this paper in order to simulate the
approach a MATLAB/SIMULINK model having one and two degree of freedom
phase lead, phase lag and phase lead-lag compensators are constructed to control the
modeled Direct Current (DC) motor for enhancement of static & dynamic response.
In addition to that, the effect of adding two degree of freedom compensators on the
transient and steady state response of the system is studied.

Keywords: DC Motor, Phase Lead Compensator, Phase Lag Compensator, Phase
Lag-Lead, MATLAB/Simulink etc.

I. INTRODUCTION

DC motor has been popular in the industry control area for a long time
because they have good characteristics that is high starting torque characteristics, high
response performance and easier to be linear control. These motors are commonly
used to provide rotary (or linear) motion to a variety of electromechanical devices and
servo systems. DC motor has been widely used in industry even though its
maintenance costs are higher than the induction motor. DC motor has good control
response, wide speed control range and it is widely used in systems which need high
control requirements, such as rolling mill, double-hulled tanker, high precision digital
tools, etc. There are several well-known methods to control DC motors such as
Compensation Technique and Controller Method. Despite a lot of researches and the
huge number of different solutions proposed. The purpose of developing a control
system is to enable stable and reliable control. Once the control system has been
specified and the type of control has been decided, then the design and analysis are
done. There are three major objectives of system analysis and design: producing the
desired transient response, reducing steady-state error, and achieving stability. The

—
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control system has overall response that is transient response and steady state
response is analyzed and to evaluate the performance of the optimal model of DC
motor time response analysis and frequency response analysis are obtained [1]. The
purpose of this paper is to comparative performance analysis for Transient and
Steady State Response of DC Motor with One and Two Degree of Freedom Phase
Lag-Lead Compensators using Frequency Response Technique (Bode Plot) for
improving the transient and steady state response is presented. In addition to that, the
effect of adding two degree of freedom compensators on the Transient and Steady
State Response of the system is studied. In the frequency-response approach, the
transient-response performance is specified in an indirect manner. The frequency
domain specifications can be conveniently met in the Bode diagram approach.
Therefore the open loop has been designed by the frequency-response method, the
closed loop poles and zeros can be determined. The transient-response characteristics
must be checked to see whether the designed system satisfies the requirements in the
time domain. If it does not, then the compensator must be modified and the analysis
repeated until a satisfactory result is obtained. Design in the frequency domain is
simple and straightforward. The frequency-response plot indicates clearly the manner
in which the system should be modified. In order to obtain the desired performance of
the system, compensating networks are used. It is a fundamental building block in
classical control theory. There are two general types of compensators: Lead
compensators, and lag Compensators. If the two types are combined, a special lag-
lead Compensator system can be gotten. Compensators influence disciplines as varied
as robotics, satellite control, automobile diagnostics, and laser frequency stabilization.
They are an important building block in analog control systems, and can also be used
in digital control [2]. This paper is organized as follows. Mathematical Modeling of
the DC Motor is given in Sec. Il. Design Procedure of Compensators using Frequency
Response Method (Bode Plot) is given in Sec. Ill. Analysis of Simulation Results is
given in Sec. V. Conclusion is demonstrated in Sec. V.
Il. MATHEMATICAL MODELING OF THE DC MOTOR

The mathematical model of the DC motor is fundamental for the corresponding
performance analysis and control system design. Fig. 1 shows a DC motor [3].
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Figure 1: DC Motor (a) separated rotor and stator and (b) with three teeth [3].

The DC motor model could be divided into two sub-models, an electrical and a
mechanical model. They are presented as follow:
A. The Electrical model of The DC motor

DC motor could be modeled as an RL circuit plus a back electromotive force
(emf) in Fig. 2. According to [3] the differential equations of phase a and phase b are
given by equation (1) and (2), respectively,

La% = —Raia(t) — e,(0) + va(0) D
L0 - R - e®+u® @)

Where
R, and Ry, : = are the phase resistances
L, and Ly, : = are the phase inductances
i, and i, : > are the phase currents
v, and vy, : = are the terminal voltages
And the back emf voltages are described by:
ea(t) = —Kpywy, sin(pdp,) 3
ep(t) = Kpnwpy cos(pbyy) 4)
Where
Km : - is the motor constant.
p : = is the number of motor pole pairs (teeth).
wy,: ~2is the rotor (mechanical) angular speed [rad/s].
0., : = is the rotor (mechanical) angular position [rad].
In equation (1) and (2), the phase resistances and inductances are assumed to
be equal, R, = R, = R[ohm], L, = L;, = L [H]. Moreover, va(t) and vp(t) are the
terminal voltages [V], e, (t) = e, (t) are the back emf [V].
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Figure 2: The equivalent circuits DC motor.
B. The Mechanical model of DC motor
The shaft of the DC motor, which represents the mechanical part of the
system, is modeled as a rigid body subjected to different torques as shown in Fig. 3

[9l.

Motor "
= AXis

=

: (D Om » Wm, Tem

T Tams» By @Om, jdem

Figure 3: The mechanical sub-system of the DC motor [9].
The differential equation of the mechanical sub-system is given by equation (5),
dw

Jm d—gn = Tem = BnWm — Tam — Ty ©)
And
Tom = K (—igsin (p0y,) + ipcos (pOyy,)) (6)
Tam = Tamsin (2p0,, + @) (7)
Where

Tom - —21s the motor’s electromagnetic torque or the generated torque [N.m]

Jm = is the motor moment of inertia [kg.m?]

B,,,: = is the motor viscous friction coefficient [kg/s.m]

Tam: —2 is the detent torque amplitude applied [N.m]

@: > is a phase shift related to 74,

T;. =2is the external or applied load torque [N.m]
With the following relation:

0 = pOm (8)

Where

6. —is the electrical rotor position
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I11. DESIGN PROCEDURE OF COMPENSATORS USING FREQUENCY
RESPONSE METHOD.

A. Frequency Response Approach (Bode Plot)

A compensator is added to a system to improve its steady state as well as
dynamic response. Nyquist plot is difficult to modify after introducing compensator.
Instead, Bode plot is used since two important design criteria, phase margin and gain
crossover frequency are visible from the Bode plot along with gain margin. In Bode
plot, low frequency asymptote of the magnitude curve is indicative of one of the error
constant [Kp], [Kv], [Ka] depending on the system types. In Bode Plot, specifications
on the transient response can be translated into phase margin [P.M], gain
margin[G.M], gain crossover frequency, bandwidth etc. Design using Bode plot is
simple and straight forward and reconstruction of Bode plot is not a difficult task.

B. Phase Lead Compensator Design using Bode Plot

The phase lead compensator is used to improve stability margin and increases
system bandwidth thus improving the spread of the response [4-6]. The transfer
function of the phase lead compensation network is

p ()_K<1+ST>_ <1+sT
Lead'S) = BA\T o) T e\ T FasT

) ©
Where

a . = is an attenuation factor hence lead compensator is always used with an
amplifier

[1/a], [0 < a < 1].
T : > is the time constant, [T > 0].

Procedures for Design of Phase Lead Compensator using Frequency
Response Techniques (Bode plot) are as follows:

1- Determine the phase lead compensator gain [K=K; a] satisfying the given error
constant (according to steady state error requirement).

2- Draw the Bode plot for the uncompensated system Gp(s) after introducing [K=K. «]
in the system, which means [KGp(s)], and compute the gain crossover frequency [wg]
and the phase margin [P.M].

3- Determine the amount of phase lead angle to be contributed by the phase lead
compensating network by using the formula

bPm=Pa—Pu—€ (10)
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Where
@ : > is the maximum phase lead angle of the phase lead compensator
@q . > is the desired phase margin [ phase margin specified or necessary phase
margin required to be added]
@y : > is the phase margin [P.M] of uncompensated system [KGp(s)]
€:~> is the additional phase lead angle to compensate for shift in gain crossover
frequency [wq] ( margin of safety from 5° to 15° or (+10% ~ 15%)]
4-Calculate or obtain [a] from the required [@m ] by using the equation
_ 1 —sin(¢;,)

T 1+ sin(pn)
5- From the Bode plot, determine the frequency at which the magnitude of the
uncompensated system [KGp(s)] is [-201ogqo(1/+a)]. This frequency is the new
gain crossover frequency [w,, 1 where the maximum phase lead angle [@n] should
occure

(11)

. 1
K|Gr(o,.,)] = ~20l0ga0 (=) (12)
6- Make
Wy = wgnew (13)
7- Calculate [ T ] from the Relation
1 1
wm—m == T—wmﬁ (14)

8- Find the transfer function of phase lead compensator [Giead(s)]

p ()_K<1+ST>_ <1+sT> 15
Lead'S) = BA\T o) T N\ T FasT (15)

9- Determine the open-loop transfer function of compensated system

1 T
6(5) = 61eaa($)6p(5) = Kett (17— Gp(s) (16)

10- Draw the Bode plot of the compensated system and verify if the design satisfies
the specifications. If the phase margin of the compensated system [G(s)] is less than
the required phase margin then repeat steps[ 3 to 10 ] by taking [€] as [5°] more than
the previous design.
C. Phase lag compensator design using Bode Plot

The essential feature of a Phase lag compensator is to provide an increased low
frequency gain, thus decreasing the steady state error, without changing the transient
response significantly [7]. For frequency response design, it is convenient to use the
following transfer function of the phase lag compensator

1+sT)_ (1+sT
- c

1+ spT 1+ sﬁT) a7

Grag(s) = K (

—
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Where

Tand g:-> are respectively the time constant and DC gain, [T > 0],
[B > 1].

Procedures for Design of Phase Lag Compensator using Frequency Response
Techniques (Bode plot) are as follows:

1- Determine the phase Lag compensator gain [K=K. «] satisfying the given error
constant (according to steady state error requirement).

2- From the Bode plot, determine the phase margin of the uncompensated system
by =Ps—€ (18)
Where
&s . > Specified or desired phase margin of the uncompensated system
€: > Margin of safety [In general 5° to 15°]
@,:~> The phase margin [P.M] of uncompensated system [KGp(s)]

Since the [P.M] is achieved only by selecting [Kc]. It might be deviated from this
value when the other parameters are also designed. Thus a safety margin is putted.

3- Determine the frequency corresponding to the specified or required phase margin
[@s] plus safety margin [€], which means [@.=®;s + €] from the phase curve. This
frequency is new gain crossover frequency [wy, . 1

P.M=¢, =180° + LK Gp(jw,, ) (19)
Where

wg > New gain crossover frequency [rad/sec].

K .Gp(jwg, ) : = The transfer function of the uncompensated system
with new gain crossover frequency.

4- The magnitude curve is brought down to [ O db] at the new gain crossover
frequency [w, . 1 Where the phase margin is satisfied, the phase Lag network must

provide the amount of attenuation equal to the value of magnitude curve at [w,, 1.

KclaP(ngnew)l =1 or _Kcﬁlanwgnew)l = —201og,o(B) (20)

5- Calculate or obtain [£] by using the equation

—
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K |GP(ngnew)|
K=KCB=>ﬁ'=K— or p =10 20 (21)
c
6- Calculate [ T ] from the Relation, the only parameter left to be designed is [T]
1 w.gnew T 22
—_——_— =
T 10 Inew ( )

Usually the upper corner frequency [1/T] is placed at a frequency about one
decade below the new gain crossover frequency [wy, . 1]

7- Find the transfer function of phase Lag compensator [Giag(S)]
1+sT 1+sT
Grag(s) = K(l + sBT) — e (1 + sBT) (23)
8- Determine the open-loop transfer function of compensated system
G(5) = G1ag()Gp(s) = KB (—11:;,,) Gp(s) (24)
9- Draw the Bode plot of the compensated system and investigate to see if the
required phase margin is met or not, if not adjust the value of [#] and [T].

D. Phase lag-lead compensator design using Bode Plot

Lag-Lead compensator is an electrical network which produces phase lag at
one frequency region and phase lead at other frequency region. It is a combination of
both the lag and the lead compensators. When a single phase Lead or phase Lag
compensator cannot guarantee the specified design criteria, a phase Lag-Lead
compensator is used. The speed of response and steady state error can be
simultaneously improved if both phase Lead and Phase Lag compensation networks
are used. Therefore, phase lag-lead compensator is employed where fast time
response as well as better steady state accuracy is desired [8-12]. The transfer function
of the phase lead compensation network is

1+sT1>(1+sT2> (25)

Glag-tead(s) = K (1 + sBT,/ \1 + asT,
Where
(B >1], and [0<a<1]
Procedures for Design of Phase Lag-Lead Compensator using Frequency

Response Techniques (Bode plot) are as follows:

1- Determine the phase Lag-lead compensator gain [K] satisfying the given error
constant (according to steady state error requirement).

2- Draw the Bode plot for the uncompensated system Gp(s) after introducing [K] in
the system, which means [KGp(s)], and compute the gain crossover frequency [eq]
and the phase margin [P.M=d,].

—
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3- Determine the amount of phase Lead angle to be contributed by the phase Lead
compensating network by using the formula
Pm=Pag— Py, —€ (26)
Where
@ : > is the maximum phase lead angle of the phase lead compensator
@4 : > is the desired phase margin [ phase margin specified or necessary
phase margin
required to be added]
@, : - is the phase margin [P.M] of uncompensated system [KGp(s)]
€. - is the additional phase lead angle to compensate for shift in gain
crossover
frequency [wq] ( margin of safety from 5° to 15° or (+10% ~ 15%)]
4- Calculate or obtain [a] from the required [@m ] by using the equation

_ 1 —sin(¢,,)
=1+ sin(pm)
5- From the Bode plot, determine the frequency at which the magnitude of the

uncompensated system [KGp(s)] is [-201ogqo(1/+a)]. This frequency is the new
gain crossover frequency [wg, ] where the maximum phase lead angle [@m] should
occurs

(27)

. 1
K|Gp(jwg,,,)| = —201og10 () (28)
6- Make
Wy = Inew (29)
7- Calculate [ T2 ] from the Relation
1 1
wm_'l'z_\/z = Tz—wm\/a (30)

8- Determine the parameter [£] from the relation

—2010g10|KG oy (jwy,,, ) Gr(iwg,,,)| = —20logo(B)  (31)
9- Calculate [T4] from the Relation
The only parameter left to be designed is [T1]

i = Lonew ESS T1 = 10
T 10

[1/T4] Should be placed much below the new gain crossover frequency [wg ] to

retain the desired value [P.M]
10- Find the transfer function of phase Lag-lead compensator [GLag-lead(S)]

GLag—Lead(S) = K( hitl ) ( 11572 ) (33)

1+spTq 1+asT,
11- Determine the open-loop transfer function of compensated system

1+sT 1+sT
G(5) = Grag-10aa()Gp(s) = K (o) (T ) Gr(s) (39)

(32)

Inew
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12- Draw the Bode plot of the compensated system [G(s)] and verify if the
specifications are satisfied or not [13].
IV. ANALYSIS OF SIMULATION RESULTS.

The modeling of the DC motor with different types of one and two degree of
freedom compensators has been derived. in addition to that, simulation and
performance analysis of the DC motor with and without compensators (one and two
degree of freedom phase lead compensator, phase lag compensator, and phase lag-
lead compensator) have been implemented and investigated by using
MATLAB/SIMULINK software.

A. Design Requirements of the control system

The goal of control engineering design is to obtain the configuration,
specifications, and identification of the key parameters of a proposed system to meet
an actual need. The design process is arranged into three groups [14-15]:

e Establishment of goals and variables to be controlled, and definition of

specifications (metrics) against which to measure performance.

e System definition and modeling.

e Control system design and integrated system simulation and analysis.

The reference input is simulated by unit step input, then the actual output
response of the DC motor should have the design requirements for the System in
terms of time response specifications as shown on Table 1 and the design
requirements for the System in terms of frequency response specifications as shown
on Table 2.

Table 1: Design requirements of the system in terms of the Time respons
(Transient and steady state response)

Time Domain Specifications Design requirements of the system
Settling Time (ts) <05sec or <500ms
Maximum Overshoot (Mp) < 5%
Peak Time (tp) <0.15sec or <150ms
Rise Time (tr) <0.1sec or <100 ms
Delay Time (td) < 0.05sec or <50 ms
Damping ratio () 0.65<( <0.75
Steady state error (ess) < 0.02 or 2%
Table 2: Design requirements of the system in terms of the Frequency response
Frequency Domain Specifications Design requirements of the system
Phase Margin (P.M) Positive and , at least > 60 °
Gain Margin (G.M) Positive and large, at least > 10 (dB)
Bandwidth (wb) Large as can possible
Resonant Peak (Mr) Small as can possible

—
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[1<Mi<14]or [0dB<M;<3dB]

Resonant Frequency (wr)

Large as can possible

Cut-off Frequency (wc)

Large as can possible

Gain crossover Frequency (wqc)

It must be wge < wpe (HZ)

Phase crossover Frequency(wpc)

It must be wge < wpe (HZ)

B. Simulation and analysis of the DC motor with One and Two Degree of
Freedom Phase Lead Compensator using Bode plot
The block diagram of the DC motor with one degree of freedom phase Lead

compensator is shown in Fig. 4.

Applicd Phase Lead Compensator

~
Controlled Process ( Plant)

voltage
R

G- KT
1+sal

Reference
input

G

K. aGs) [ 1 a(s)
LoJ 8 +GoJ + LB +G B+ kKD S

Actual
value

or
Desired
value

One Degree of Freedom

Transeducer ( Tachmeter)

H(s)=kg [o——

Sensor

>y

Figure 4: The block diagram of the DC motor with One Degree of Freedom phase Lead

compensator
Where

K: : = is the tachometer constant

Bode Diagram

Gm =Inf dB (at Inf rad/s), Pm = 35 deg (at 20.1 rad/s)
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Figure 5: Simulation of the DC motor by unit step response and
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without Phase Lead Compensator

Bode Diagram
Gm = Inf dB (at Inf rad/s), Pm = 60.7 deg (at 29.1 rad/s)

oo

Phase (degMagnitude (dB)
= A

o

o

sl

-1 1 Dn
Frequency (rad/s)

Unit-Step Response of One Degree of Freedom Compensated System

> One Degree of Freedom Compensated system

— with One Degree of Freedom Phase Lead Compensator

=
3]
T

Actual Qutput Response

0 | | | |
0.4 0.6 0.8

.2 1.4

1 1
Time [sec] (seconds)

Figure 6: Simulation of the DC motor by unit step response and Bode plot with One Degree

of Freedom phase lead compensator

The block diagram of the DC motor with Two Degree of Freedom phase Lead

compensator is shown in Fig. 7

Phase Lead Compensator

Controlled Process ( Plant )

~

Desired value

value

Phase Lead Compensator

1+sT

1+sal

G road ) =K (

——

Two Degree of Freedom

Transeducer ( Tachmeter)
H{(s)=K |

Sensor

Applied

voltage G ()_K( 1+s7T ) G.(5) = 1 K 1 axs) m a(s)
VA s R T " L st CLBI B kLKD) S |

input Y

Figure 7: The block diagram of the DC motor with Two Degree of Freedom
phase Lead compensator
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Bode Diagram
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Figure 8: Simulation of DC motor by unit step response
and Bode plot with Two Degree of Freedom phase lead compensator

From the Fig. 5, Fig. 6 and Fig. 8, itis noted that, actual output response of the
DC motor with one and two degree of freedom phase lead compensator (compensated
system) is better than actual output response of the DC motor without phase lead
compensator (Uncompensated system), but still some of design requirements of the
systems are not satisfied. Therefore, the another type of compensator is needed to get
all design requirements of the system.

C. Simulation and analysis of the DC motor with One and Two Degree of

Freedom Phase Lag Compensator using Bode plot

The block diagram of the DC motor with One Degree of Freedom phase Lag
compensator is shown in Fig. 9.

or
Desired
value

Actual
value

( Applied Phase Lag Compensator Controlled Process ( Plant ) )
voltage 1+ST K a)(s) 1 9(5)
— - I_. G- r 1
Reference [GMS(S) K(1+S,BT ) [ LaJ S Jr(]".zu] +Lan)5 +(raBy+kgKT)]‘
input

One Degree of Freedom

Transeducer ( Tachmeter)

\

Sensor

Figure 9: The block diagram of the DC motor with One Degree of Freedom phase Lag

compensator
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Bode Diagram

Gm = nf dB (at Infrad/s), Pm=59.9 deg (at 8.21 rads)
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Figure 10: Simulation of the DC motor with One Degree of Freedom
phase lag compensator in addition to Bode plot

The block diagram of the DC motor with Two Degree of Freedom phase Lag

compensator is shown in Fig. 11.

Desired value
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Two Degree of Freedom

( spplica Phase Lag Compensator Controlled Process ( Plant )
voltage 1+ST ( B KT (()(S) 1 G(S)
— G0-KC— ) GO s s
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Phase Lag Compensator
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G- K(

1+sB8T
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Figure 11: The block diagram of the DC motor with Two Degree of Freedom phase Lag

compensator
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Bode Diagram

Gm =Inf dB (at Infrad/s), Pm=119 deg (at 8.26 rad/s)
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Figure 12 Simulation of the DC motor with Two Degree of Freedom
phase lag compensator in addition to Bode plot
From the Fig. 10 and Fig. 12, it is noted that that, actual output response of

the DC motor

with One and Two Degree of Freedom phase lag compensator

(Compensated system) is better than actual output response of the DC motor without

phase

lag compensator (Uncompensated system), but still some of design

requirements of the systems are not satisfied and fulfilled. Therefore, the another type

of compensator is needed to get all design requirements of the system.

D. Simulation and analysis of the DC motor with One and Two Degree of
Freedom Phase Lag-Lead Compensator using Bode plot

The block diagram of the DC motor with one degree of freedom phase Lag-Lead

compensator is shown in Fig. 13.

4
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Figure 13: The block diagram of the DC motor with One degree of freedom phase Lag-Lead

compensator
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Bode Diagram

Gm = Inf dB (at Inf rad/s), Pm = 67.2 deg (at 20.1 rad/s)
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Figure 14: Simulation of the DC motor with one degree of freedom
phase Lag-Lead compensator in addition to Bode plot

The block diagram of the DC motor with two degree of freedom phase Lag-Lead
compensator is shown in Fig. 15.

Applied Phase Lag-Lead Compensator Controlled Process ( Plant )
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Two Degree of Freedom L ag-Lead s, l+mT2J
Transeducer ( Tachmeter)
) ks
Sensor
Figure 15: The block diagram of the DC motor with two degree of freedom phase Lag-Lead
compensator
(=)



Fifth Conference on Engineering Sciences Comparative Performance Analysis for Transient and Steady

and Technology (CEST-2022) 20-22 State Response of DC Motor with One and Two Degree of

December 2022/ Libya Freedom Phase Lag-Lead Compensators using Frequency
Response Technique

Bode Diagram
Gm =Inf dB (at Inf rad/s), Pm = 160 deg (at 6.96 rad/s)
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Figure 16: Simulation of the DC motor with two degree of freedom
phase Lag-Lead compensator in addition to Bode plot

From the Fig. 14 and Fig. 16, it is noted that that, actual output response of
the DC motor with one and two degree of freedom phase lag-lead compensator
(Compensated system) is better than actual output response of the DC motor without
compensator (Uncompensated system), and also all design requirements of the
systems are satisfied and fulfilled) with one degree of freedom phase lag-lead
compensator unlike two degree of freedom phase lag-lead compensator where some
of design requirements of the systems are not satisfied and fulfilled. On the other side,
two degree of freedom phase lag-lead compensator is better than one degree of
freedom phase lag-lead compensator in some of design requirements of the system.
but, one degree of freedom phase lag-lead compensator is chosen to drive the DC
motor, because all the design requirements of the system are satisfied and fulfilled.

E. Comparison All the simulation results with design requirements of the
system

In order to verify the effect of the one and two degree of freedom phase lag-
lead compensator in terms of time response specifications (Damping ratio ( & ),
Settling Time (ts), Maximum Overshoot (%Mp), Steady-State Error (ess), Peak Time
(tp), Delay Time(td) and Rise Time (tr)), and in terms of Frequency response
specifications (Phase Margin (P.M), Gain Margin (G.M), Bandwidth (wb), Resonant
Peak (Mr), Resonant Frequency (wr), Cut-off Frequency (wc), Gain crossover
Frequency (wgc) and Phase crossover Frequency(wpc)), one and two degree of
freedom phase lag and phase lead compensators have been compared with one and
two degree of freedom phase lag-lead compensators. In addition to that, one degree of
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freedom phase lag-lead compensator is compared with two degree of freedom phase
lag-lead compensator in terms of time response specifications and frequency response
specifications.

Bode Diagram

Gm =Inf dB (at Infrad/s), Pm=67.2 deg (at 20.1 rad/s)
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Figure 17: Simulation of the DC motor with One Degree of Freedom Phase Lead, Lag and
Lag-Lead compensator in addition to Bode plot

Table 3: A comparison of the simulation results of the DC motor with One Degree Of
Freedom
phase lag, lead and lag-lead compensators in terms of time response specifications

Strategy of Control
Time Domain Desired
Specifications Results of the One Degree Of Freedom
System Phase Lead Phase Lag Phase Lag-Lead
Compensator Compensator Compensator
Settling Time (ts) < 0.5 sec 0.1564 Sec 0.5560 sec 0.545 sec
Maximum Overshoot (Mp) <5% 8.4927 % 8.5210% 3.4276 %
Peak Time (tp) <0.15 sec 0.097 Sec 0.3420 sec 0.141 sec
Rise Time (tr) <0.1sec 0.0456 Sec 0.1631 sec 0.0691 sec
Delay Time (tq) < 0.05 sec 0.0326 sec 0.118 sec 0.0462 sec
Steady state error (ess) < 0.02 0.0020367 0.0047966 0.002
Damping ratio ({) (0.6< £<0.8) 0.61745 0.61693 0.73179
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Table 4: A comparison of the simulation results of the DC motor with One Degree Of
Freedom phase lag, lead and lag-lead compensators in terms of Frequency response
specifications

Frequency Domain

Desired Results

Strategy of Control

et of the System One Degree Of Freedom
Specifications
Phase Lead Phase Lag Phase Lag-Lead
Compensator | Compensator Compensator
Phase Margin (P-M) Positive and , at least
’ 0 0 0
> 600 60.69 59.89 67.1699
Gain Margin (G.M) Positive and large, at least
> 10 (dB) Inf dB Inf dB Inf dB
Bandwidth (ex) Large ascanpossible | e 5o50 i, | 131257 Hz 30.9210 Hz
Resonant Peak (Mr) Small as can possible
[1<M<1.4] M=1, if ({>0.70]
or 1.0295 1.0298 (¢=0.73179)
[0dB<M,<3dB]
Resonant Frequency (wr) Larde as can possible wy is real only if
g P 20.1881 Hz 5.6985 Hz | (£<0.707) but
((=0.73179)
Cut-off Frequency (w-)
Large as can possible 46.5959 Hz 13.1257 Hz 30.9210 Hz
Gain crossover Frequency (wgc)
It must be wge < wpe (HZ) 29.1452 Hz 8.2090 Hz 20.1170 Hz
Phase crossover Frequency(ep) | ¢ st be wg, < wpe (H2) Inf Hz Inf Hz Inf Hz
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Figure 18: Simulation of the DC motor with One Degree of Freedom Phase Lead, Lag and
Lag-Lead compensator in addition to Bode plot

Table 5: A comparison of the simulation results of the DC motor with Two Degree Of
Freedom phase lag, lead and lag-lead compensators in terms of time response specifications

Strategy of Control
Time Domain Desired
Specifications Results of the Two Degree Of Freedom
System Phase Lead Phase Lag Phase Lag-Lead
Compensator | Compensator Compensator
Settling Time (ts) < 0.5 sec 0.1387 Sec 0.518 sec 0.178 sec
Maximum Overshoot (Mp) < 5% 20.9919 % 22.1626 % 16.3384 %
Peak Time (tp) <0.15 sec 0.059 Sec 0.213 sec 0.082 sec
Rise Time (tr) <0.1sec 0.0258 Sec 0.0928 sec 0.0371 sec
Delay Time (tq) < 0.05 sec 0.038608 Sec 0.13128 sec 0.15245 sec
Steady state error (ess) < 0.02 0.0010194 0.0024012 0.0010194
Damping ratio (§) (0.6< £<0.8) 0.44499 0.43245 0.49956
( ]
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Table 6: A comparison of the simulation results of the DC motor with Two Degree Of
Freedom phase lag, lead and lag-lead compensators in terms of Frequency response
specifications

Frequency Domain
Specifications

Desired Results
of the System

Strategy of Control

Two Degree Of Freedom

Phase Lead Phase Lag Phase Lag-Lead
Compensator | Compensator Compensator
Phase Margin (P.M) Positive and , at least 11043680 150.6746°
0 . .
5600 123.1635
Gain Margin (G.M) Positive and large, at least
> 10 (dB) Inf dB Inf dB Inf dB
Bandwidth (e) Large as can possible 452216 Hz |  13.3348 Hz 11.2658 Hz
Resonant Peak (Mr) Small as can possible
[1<Mi<14]
or 1.2547 1.2823 1.1554
[0dB<M;<3dB]
M=1, if ((>0.707)
Resonant Frequency (er) Large as can possible
oy is real only if( £ < 0.707) 26.3996 Hz 7.8512 Hz 6.2657 Hz
Cut-off Frequency (ec) Large as can possible
45.2216 Hz 13.3348 Hz 11.2658 Hz
Gain crossover Frequency (@e) | |t must be Wy < ope (H2) 28,0024 Hz 8.2646 Hz | 6.9627 Hz
Phase crossover Frequency(epc) | |t must be wpe > wge (Hz) Inf Inf Hz Inf Hz
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Unit-Step Response of One Degree of Freedom Compensated System and Two Degree of Freedom Compensated System
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Figure 19: Simulation of the DC motor with One and Two Degree of Freedom
Phase Lead, Lag and Lag-Lead compensator

Table 7: A comparison of the simulation results of the DC motor with One and Two Degree
Of Freedom phase lag, lead and lag-lead compensators in terms of time response
specifications

Strategy of Control
Time Domain Desired
Specifications Results of the One Degree OF Two Degree Of
System Freedom Freedom
Phase Lag-Lead Phase Lag-Lead
Compensator Compensator
Settling Time (ts) < 0.5 sec 0.545 sec 0.178 sec
Maximum Overshoot (Mp) < 5% 3.4276 % 16.3384 %
Peak Time (tp) <0.15 sec 0.141 sec 0.082 sec
Rise Time (tr) <0.1sec 0.0691 sec 0.0371 sec
Delay Time (tq) < 0.05sec 0.0462 sec 0.15245 sec
Steady state error (ess) < 0.02 0.002 0.0010194
Damping ratio () (0.6< £<0.8) 0.73179 0.49956

The main objective of controllers is to minimize the error signal or in other
words the minimization of performance criteria (Integral Absolute Error (IAE),
Integral Time Absolute Error (ITAE), Integral Square Error (ISE), Integral Time-
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weighted Squared Error (ITSE)). A set of performance indicators may be used as a
design tool aimed to evaluate tuning methods results. The simulation results are
shown on Table (8).

Table 8: Comparison for all performance indices parameters of the DC motor
with One and Two Degree of Freedom Phase Lag-Lead Compensator

Performance Criteria

Strategy of Control

I1AE
IAE=]fe(t)| dt
0

ITAE
ITAE=!tle(t)| dt
0

ISE
ISE:(})(e(t))Zdt

ITSE
ITSE=/t(e(t) Pdt
0

One Degree of

Freedom Phase

0.0239828778 0.0599571945 0.0001150357 0.0002875892

Lag-Lead
Compensator

Two Degree of
Freedom Phase
Lag-Lead

Compensator

0.00509684 0.0127420999 0.0000051956 0.0000129889

V. Conclusion

The actual output response of the DC motor is controlled by means of the
three different compensators: One and Two Degree of Freedom Phase lead
compensator, phase lag compensator and phase lag-lead compensator for
enhancement the stability and accuracy. In addition to that, the effect of adding two
degree of freedom compensators on the transient and steady state response of the
system is studied. In this paper, with reference to the results of the computer
simulation by using (MATLAB & SIMULINK) software, the performance
characteristics of One and Two Degree of Freedom Phase lead compensator, phase lag
compensator and phase lag-lead compensator are compared in terms of the time
response (transient and steady state response ) specifications: Delay Time (td), Rise
Time (tr), Peak Time (tp), Maximum Overshoot (Mp), Settling Time (ts) and Steady
state error (ess), and in terms of the frequency response specifications : Phase Margin
(P.M), Gain Margin (G.M), Bandwidth (wb), Resonant Peak (Mr), Resonant
Frequency (wr), Cut-off Frequency (wc), Gain crossover Frequency (wgc) and Phase
crossover Frequency (wpc). The simulation results illustrate that one degree of
freedom phase lag-lead compensator performs better than other one degree of freedom
compensators proposed in this paper and has verified all design requirements of the
system. In addition to that, one degree of freedom phase lag-lead compensator
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performs better than two degree of freedom phase lag-lead compensator in some
design requirements of the system where two degree of freedom phase lag-lead
compensator performs better than one degree of freedom phase lag-lead compensator
in some design requirements of the system, but one degree of freedom phase lag-lead
compensator is chosen to drive the DC motor, because all the design requirements of
the system are satisfied and fulfilled unlike two degree of freedom phase lag-lead
compensator where some design requirements of the system are not satisfied and
fulfilled.
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Abstract

Due to the nature of the COVID-19 pandemic, the need for early detection is
essential for a rapid recovery and limiting the spread of the virus. Ordinary
and traditional methods of diagnosing COVID-19 depend on contact which is
susceptible to transmission of the virus, as any misuse of traditional methods
can lead to the spreading of the epidemic, increasing its severity and may lead
to death. However, since the better methods and techniques are always
required for diagnosis, this study is aimed at presenting a contactless approach
to distinguish COVID-19 infection from other similar symptoms infections
based on the cough sound. COVID-19 detection system has been implemented
by using machine learning techniques; the Mel Frequency Cepstral
Coefficients (MFCC) algorithm for extracting features from audio signals and
Multilayer Perceptron Neural Network (MLP) for classification. The system
has been implemented by using a sample of data downloaded from online
provided COUGHVID dataset. The model has considerably shown a high
performance as it achieved 96%, 92%, and 100% for average accuracy,
sensitivity and specificity respectively.

Keywords— COVID-19, Cough Sound, MFCC, MLP, speech recognition

I. INTRODUCTION

At the end of 2019, a new virus emerged in China, spread rapidly and
affected the whole world. The virus has caused a huge crisis worldwide as it
leads to severe infections and eventually death in humans. Three months later,
the World Health Organization (WHO) has announced that the virus outbreak
has occurred[1]. The disease which is commonly known as covid-19 has
converted into a global pandemic affecting all people’s lifestyles. The disease
is highly contagious, so it spreads rapidly. Since the time when the covid-19
epidemic has begun, health care teams around the world have been working to
follow up on it in terms of diagnosis and knowledge to suggest appropriate
solutions[2]. In addition to the fact that most researchers and interested people
set out in their scientific career through programs and studies, the aim of which
is to discover the disease in early time. Therefore, this topic has been interested
for researcher and study based on the need of understanding the covid-19
problem for finding appropriate solutions as soon as possible. It is worth
mentioning that, although the pandemic level has notably decreased in the

43

—
| —


mailto:babd.almrimi@gmail.com
mailto:kf.aljribi@bwu.edu.ly
mailto:babd.almrimi@gmail.com

Fifth Conference on Engineering Sciences Cough Sound Based COVID-19 Detection System Using
and Technology (CEST-2022) 20-22 Machine Learning Algorithms
December 2022/ Libya

beginning of the current year 2022, the international website “worldmeter.com”
indicates that the daily new infected cases are still considerably high [3] as
depicted by Fig. 1.

CDaily Neww Cases
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Fig. 1: Daily new cases of COVID-19 in the world in 2022.

However, fever, cough and feeling tired are the most common symptoms of
covid-19, in addition to shortness of breath, headache, and loss of sense of
smell and taste, as these symptoms appear after a period ranging from two to
fourteen days of infection with the virus[4]. Cough is one of the early
recognizable symptoms of covid-19[5]. In fact, coughing is a sound, so it can
be represented as a sound signal and thus can be investigated to help detecting
the virus[4]. This study proposes an approach for detecting covid-19 based on
cough sound analysis. That is, the system is designed to distinguish the cough
of infected patients by covid-19 from the cough of those who are not infected
with the virus.

The techniques of audio signal processing and machine learning algorithms
are commonly used within the systems of voice recognition, speech synthesis,
and speech/speaker recognition[4]. Therefore, they have been suggested to be
applied on the cough sound signals for the purpose of infected patient
detection. Generally, Speech recognition system consists of three stages;
preprocessing, feature extraction, and classification as depicted in Fig. 2.

voice

siqna | Feature
nreprocessin .
SRS acton

output
— classification

Fig. 2: General Speech recognition system
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In voice and speech recognition systems, The Mel Frequency Cepstral
Coefficients (MFCC) algorithm has shown a high performance for extracting
features from sound signals[6], while Multi-Layer Perceptron (MLP) Neural
Networks have been found as an effective method for classification[7].
Therefore, MFCC and MLP algorithms have been suggested to be used in this
work for feature extraction and classification respectively.

Il. RELATED WORK

The spread of covid-19 as an epidemic around the world pushes the
researchers to show their interests and studies by discovering the disease at an
early stage, and then they made their efforts to suggest advanced methods and
techniques for discovering and diagnosing covid-19 based on the sound of
coughing as it is one of the Early recognizable symptoms of covid-19. This
section presents the relevant work that has been done for covid-19 detection
based on cough sound.

In March 2021 K. Kumar et.al. in [8] reviewed the literature on COVID-19
diagnosis from respiratory sound data. They focused in their study mainly on
how SARS-CoV-2 is spread and in-depth analysis of the diagnosis of COVID-
19 from human respiratory sounds such as coughing, vocalization and
breathing by analyzing respiratory sound parameters.

Paper [9] presented a study on COVID-19 Cough Analysis Using
Automatic Speech Recognition System, in which they discussed cough
changes in infected people based on a hidden Markov model (HMM)
classification and analysis Speech recognition based on the formulation of
cough sounds by exploiting spectrum technology. They have implemented an
HMM-based cough recognition system with 5 HMM states, 8 Gaussian
mixture distributions (GMMs) and 13 dimensions of Cepstral Fundamental
Frequency Mel coefficients (MFCC) with 39 dimensions of the total feature
vector. The overall accuracy of the cough recognition system was 93.33% for
healthy coughs and 86.66% for COVID-19 cough sounds.

Tena et al. in [10] conducted a study for automated detection of COVID-19
based on cough sounds. The have proposed an automated system for
extracting features from time-frequency domain by using machine learning
algorithms where they have used autoencoder and recursive features
elimination (RFE) for features extraction and selection while they have used
support vector machine (SVM) for classification. They have reported that their
proposed model achieves a high performance with an average accuracy of
90%.

The paper [11] presented a study on identifying COVID-19 by using
spectral analysis of cough recordings based on machine learning algorithms.
They have used dataset of 16 individuals with suspected MERS-CoV infection
with a particular patient demographic. In study, cough of patients infected by
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COVID-19 could be distinguished from other coughs by applying effective
feature extraction and classification techniques. The power spectrum density
(PSD) was selected based on the Short Time Fourier transform (STFT) and
Mel Frequency Cepstral coefficients (MFCC) as an effective feature extraction
method and Support Vector Machine (SVM) algorithm for classification with
accuracy of 95.86 and sensitivity of 91.7%.

Muzhir Shaban Al-Ani et al. in [4] presented a study on how to diagnose
corona virus through patients' coughs. Accordingly, real samples were taken
from people infected with the Corona virus and others who suffer from some
respiratory diseases. The discrete wavelet transform is the adopted method to
realize the detection process by approximation and analysis of the details of
the coefficients. The obtained results show the acceptable detection accuracy
of the studied samples.

In [2] researchers presented a study on detecting COVID-19 from non-
COVID-19 patients by classifying just only a single cough sound. The study
was able to distinguish the COVID-19 patients from the common cold or
influenza patients by analyzing the sound of coughing via smart phones. A
total of 328 cough sounds of four different types including COVID-19,
asthma, bronchitis and healthy subjects were recorded from 150 people. The
authors have used the MFCCs method for feature extraction stage and they
have got average accuracy of 92.85%

I1l. COVID-19 DTECTION SYSTEM

This section describes an approach by using machine learning algorithms for
designing a COVID-19 detection system based on patient coughing sound. The
system has been adopted from speech recognition system[12] which illustrated
by Fig. 2. Patient cough is a sound signal that can be digitally acquired and
recorded and generally it has the same characteristics of speech signal such as
frequency and amplitude ranges [13]. Therefore, coughing signal features can
be extracted with the same speech features extraction algorithms and then can
be classified by common classifiers of speech.
A. Data set

Coughing sound data have been downloaded from publicly-available dataset
called COUGHVID which has been collected by VIRUFY, the international
non-profit organization and has been supported by several universities. The
dataset were mainly collected for the purpose of building an international
dataset of coughing sounds that can be used for detecting patterns of respiratory
diseases, especially COVID-19. COUGHVID data is very accurate as it has
been collected at a hospital and controlled by physicians. Data has also been
labeled as positive COVID-19, negative COVID-19, along with other clinical
information and metadata [14]. 4238 instances of the coughing sound data have
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been collected from 152 participants to be used in research. Among them, there
are 80 participants were diagnosed with positive COVID-19. Data were divided
into four participant groups; 65 positive COVID-19 for training, 15 positive for
testing, 57 negative for training, and 15 negative for testing.
B. Data preprocessing

Coughing is a sound, so it can be recorded and represented as a sound signal
and it is usually recorded in digital forms contaminated with environmental
noises. Therefore, to obtain a noise-free signal, a filter is utilized for selecting
only the desired frequencies and for removing noise frequencies and recordings
that do not contain a cough signal, i.e. silent segments as depicted by Fig. 3 .
Another issue worth mention is that data have been originally recorded at
frequency sample 48000Hz and have been downsampled to 4.8 KHz.

Filtere signal

0.015

cough data no cough data

-0.005 |-

-0.01 -

-0.01
0.015 5

Fig. 3: cough signal including silent periods

C. Feature extraction

The second stage of recognition system is the feature extraction. There are
several algorithms have been used for extracting features from signals. Mel
Frequency Cepstral Coefficients (MFCC) in particular is frequently used with
sound and voice signals. Therefore it has been suggested to be used in this
work as it has shown high potential for extracting features from sound or voice
signals. MFCC has been designed to perform the following steps as illustrated
by Fig. 4.

1- Frame blocking and windowing: coughing signal is a quasi-stationary
signal. For best performance, cough signals have been analyzed in
short time segments. 20 ms overlapped Hamming window technique
has been applied for signal segmentation and thereby each segment has
been analyzed as a stationary signal.

2- Fast Fourier transform: Discrete Fourier Transform (DFT) has been
applied on each framing window to transform it from time domain into
frequency domain in form of magnitude spectrum.

3- Mel-spectrum: The transformed signal for each segment is filtered by
band-pass mel-frequency bank filter for computing the Mel-Spectrum.
The mel scale utilizes the characteristics of human ears where it
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follows the linear frequency spacing below 1 kHz, and a logarithmic
spacing above that[7].

4- Discrete Cosine Transform (DCT): DCT is applied to the transformed
mel-frequency coefficients after representing it on a log scale to
produce a set of cepstral coefficients. The system can be affective by
extracting only the lower coefficients. Commonly, MFCC uses 13
cepstral coefficients but the zeroth coefficient is usually ignored

cough
signal

Framing = windowing —_—= FFT

U

MFCC Coefficients Mel Filter
—_—— —1 F——
pcT Bank

Fig. 4: Mel Frequency Cepstral Coefficients components.

D. Coughing signal classification

Machine learning algorithms are frequently used for classifying voice and
speech signals. Thus, a type of Artificial Neural Network; the Multi-Layer
Perceptron (MLP) has been suggested to be used for classifying the patients
cough sound in the proposed COVID-19 detection system. The used MLP
classifier has a 12-neuron input layer, 20-neuron hidden layer, and one single-
neuron output layer. It designed with ’tan-sigmoid’ and ‘purelin’ activation
functions for hidden and output layers respectively. The best training
performance of MPL was 0.023 at epoch 9993. The results of the experiment
are presented and discussed in details in the next section.

IV. RESULTS AND DISCUSSION

The output of the MLP classifier is a value ranged from -1 to +1 where the
negative value indicates the negative infection of COVID-19 while the positive
value indicates the positive infection of the virus. As a classifier, MLP has been
given a set of instances from 122 patients for training and a set of instances
from other 30 patients for testing. The 80 subjects who were diagnosed
positively with COVID-19 infection have been divided into two groups; 65 for
the training group and 15 of the test group. In the same manner, the rest
subjects who were diagnosed negatively with COVID-19 have been divided
into 57 for training group and 15 of the test group as presented by Table 1.
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TABLE 1: DATA SAMPLE OF TRAINING AND TEST

Sample Negative Positive
Training 1701 instances from 1560 instances from 65

(122) 57 subjects subjects

Test 390 instances from 587 instances from 15

(30) 15 subjects subjects

Total 2091 instances 2142 instances

(152)

System performance can be measured by the ability of classifying each
instance whether it is correctly or wrongly classified. Figure 5 presents the
results of classifying the positive status of 2 subjects from the same pool of

data that were used in the training phase.

AVG=0.31 AVG=045

Figure 5: Classification result of positively infected subjects; S1 at left and S2 at
right

Figure 6 presents the results of classifying the negative status of 2
subjects from the same pool of data that were used in the training phase.
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Figure 6: Classification result of negatively infected subjects; S1 at left and S2 at
right

The final result of the subject classification can be calculated by taking the
average of all instances for that subject. As it can be seen from the Figure 5,
Sland S2 have been classified as positively infected with averages of +0.31
and +0.45 respectively, while it can be seen from Figure 6 that S1 and S2 from
uninfected group have been classified as negatively infected with averages of -
0.33 and -0.44 respectively.

The system performance is actually depends on the ability of the system on
classifying data from outside training pool, which known as validation data.
977 instances from 15 infected and 15 uninfected subjects have been used for
validation test. Figure 7 presents the classification results of 2 uninfected
subjects while Figure 8 represents the classification results of 2 infected
subjects.

15 1
AVG=-0.11

v | |I| | |
1 Jd 1 il 0
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Figure 7: Classification result of negatively infected subjects; #S60 at left and #S61 at
right
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Figure 8: Classification result of positively infected subjects; #S70 at left and
#S71 at right
Classification results of all 30 subjects of validation data are represented by
Table 2: Classification results of all 30 subjects of validation data with their
averages (Avg.) . The system was able to correctly classify positively infected
data with accuracy of 100%, while it was able to correctly classify negatively
infected data with accuracy of 93%.

Table 2: Classification results of all 30 subjects of validation data with their
averages (Avg.)

S# St | Predicted | Avg. Subject | status | predicted Avg
atus number .
S66 POS | POS 0.20 S58 NEG | NEG -0.04
S67 POS | POS 0.54 S59 NEG | POS 0.31
S68 POS | POS 0.22 S60 NEG | NEG -0.43
S69 POS | POS 0.35 S61 NEG | NEG -0.11
S70 POS | POS 0.79 S62 NEG | NEG -0.19
S71 POS | POS 0.56 S63 NEG | NEG -0.02
S72 POS | POS 0.43 S64 NEG | NEG -0.01
S73 POS | POS 0.57 S65 NEG | NEG -0.12
S74 POS | POS 1.02 S66 NEG | NEG -0.39
S75 POS | POS 0.45 S67 NEG | NEG -0.13
S76 POS | POS 0.54 S68 NEG | NEG -0.22
S77 POS | POS 0.45 S69 NEG | NEG -0.03
S78 POS | POS 0.66 S70 NEG | NEG -0.12
S79 POS | POS 0.50 S71 NEG | NEG -0.19
S80 POS | POS 0.40 S72 NEG | NEG -0.13

The evaluation of the system performance can be carried out through the
following parameters:
The accuracy: the Ratio of the correctly classified samples to the total number
of samples and it can be calculated from the equation 1.
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| ~ TP + TN 0
CUracy = TP ¥ TN + FP + FN

Sensitivity: the system ability to correctly classify the positively infected
cough signal as positive from the total positive samples and it can be
calculated from the equation 2.

TP
Sensitifity = ———— (2)
fity = 757N

Specificity: is the proportion of correctly classified negatively infected
samples in relation to the total number of negatives and it can be calculated
from the equation 3.

TN
Specificity = —————— (3)
pecificity = my—Fp

where P= Positive, N = Negative, TP = True Positive, FP =False Positive,
TN = True Negative, and FN = False Negative. The accuracy, sensitivity, and
specificity are illustrated by Table 3.

TABLE 3: THE SYSTEM ACCURACY, SENSITIVITY, AND SPECIFICITY

Parameters Evaluation
Accuracy 97 %
Sensitivity 94%
Specificity 100%

Figure 9 shows our model’s performance compared to other related work
reviewed in this paper. The model average accuracy is the key of comparison.
Even though, some work presents the accuracy of performance as well as the
sensitivity, specificity, and F1 scoring. Some work shows also detailed
accuracy such as [9], where the paper presents the accuracy of model for
classifying positive cough as 93.33% while its accuracy for classifying
negative accuracy was 86. For such models we have averaged the accuracy of
both types.
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Figure 9: A comparison of our model to related work

V. CONCLUSION
This paper proposes a system for detecting and diagnosing people who are
infected by covid-19 from those who are not based on cough sound analysis.
Data of 152 (4238 instances) participants have been downloaded from online
available COUGHVID dataset and have been used for the system design and
test. The system manipulates the cough as a sound signal; thereby it has been
built upon the idea of voice recognition system. It uses MFCC for extracting
features from cough signal and uses MPL neural network to classify the signal
to infected or non-infected. The system has shown a high performance with
accuracy of 100% and 93% for detecting positive and negative cases of patients
respectively.
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1 ABSTRACT

Software Defined networking (SDN) is a new network technology that has been
introduced to address the common issues in traditional networking. It provides
central control by decoupling the control plane from network nodes and placing it
in the controller. This allows the programmers to manage the entire network from
one side. security issues, however, are challenging in this technology. There are
many security issues in SDN networks, but Distributed Denial of Service (DDoS)
is one of the biggest threats to SDN technology. This paper focuses on creating
load balancing policy that can exploit the unutilized paths and use them for
rerouting the packets in datacentres, we demonstrate how DDoS attack can
exhaust the SDN network and provides the proper approach to deal with this
attack in a short time. This method can be considered the first step to prevent the
severe impact of attacks and alarm the system to block the attack ports.

Keywords: DDoS attack, SDN security, Load balancing.

2 Introduction

Software Defined Network (SDN) technology is a new networking architecture
which is designed to allow programmers to manage the entire network from one
side as well as to tackle some security issues that have increased in the last decade
[1]. SDN was designed by decoupling the control plane from network devices
such as routers and switches etc., and place it in a centralized controller; this
controller is responsible for managing and configuring the whole network. Thus,
applying new security policies and mechanisms would be much easier compared
traditional networks. Therefore, designing new protocols and functions will be
easy and powerful in order to enhance network security mechanism [2].

Security issues however, are considered an essential concern due to the increasing
number of attacks which typically have harmful consequences, from stealing data
to making the network collapse. These attacks include Denial of service (DoS),
Distributed Denial of service (DDoS), Spoofing etc. they can cause tremendous
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losses for companies and organizations. The security issues of the SDN model can
be categorized depending on the SDN layer affected, i.e. Application layer,
Application-Controller Interface, Control layer and Controller-Data Interface
threats [3]. This paper will focus on the Control layer threats, and how they can be
mitigated. This layer is the brain of the SDN architecture that manages the entire
network, and if it fails, then the network will collapse. For this reason, intruders
focus on attacks against the controller to cause severe damage such as system
failure or crashes. The distributed denial of service attack is one of the biggest
threats not only in traditional networks but also in SDN technology, and it mainly
occurs at the network layer or application layer of the compromised system [4].
When the attack is launched to the network it causes bottleneck problems and
overwhelms the CPU resources. Therefore, understanding the characteristics of
the incoming data can be considered as a first step in detecting attacks. There is
also another approach to deal with DDoS which is the load balancing policy. This
policy can be implemented in the controller which is then responsible for
managing the traffic within the network [5].

3 Related Works

The security threats of SDN are common to traditional networking, but in SDN
network (centralized controller), the impact of attacks such as DDOS could be
worse than that directed against a single router [6]. Attacking network devices,
such as Routers and Switches, cannot be done in an SDN network as they only
have a data plane, as the control plane is taken from these devices and placed in
the SDN controller. However, SDN networks are not fully secured, there are some
issues with detecting abnormal traffics and identifying whether the intrusion has a
severe impact or not. Fast intrusion detection is also vital to react immediately,
especially when DDOS takes place in the network. The early detection method
based on Entropy (randomness of incoming packets) can classify the type of
attacks using a fixed window widths which are 50 packets for DDOS attacks and
500 for slow DOS attacks [7]. Although the effectiveness of this method is
exceptional, using a small window size can cause confusion to differentiate
between normal and malicious traffic. There is also another approach to deal with
DDOS which is the load balancing policy, this policy can be implemented in the
controller which is responsible for managing the traffic within the network [8].
Basically, it reroutes the traffic and balances it between the links that can be used
to get to the destination. Thus, during the attack, this policy will reduce the impact
of exhausting the network with loads by balancing it between nodes and links; it
can be considered a first step to deal with DDOS attacks.
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4 Materials and Methods

4.1 SDN controller

OpenFlow controller is considered a strategic point or a brain in Software-defined
network [9]. It simply manages the network and handles all communications
between applications and network devices (such as Routers, Switches, etc.) to
effectively modify the flow to meet changing needs by using a communication
protocol called OpenFlow. There are many types of SDN controller such as
Floodlight, Ryu, Nox, and Pox. Each one has its own advantages and
programming language. Ryu controller has been used in this paper due to its
advantages as it is an open source, supports OpenStack and is well-tested. It is
also written in python and supports various protocols for managing network
devices such as OpenFlow 1.0, 1.2, 1.3, 1.4, 1.5, and Nicira Extensions [10]. Ryu
controller can be used remotely to manage the network topology in Mininet by
using its IP as follows [10]:

$ sudo mn --controller=remote,ip=[controller IP controller listening port

4.2 System design and requirements

The SDN network of Open V Switches, hosts, links, and controllers has been
created virtually by using a network emulator called Mininet. It supports research,
prototyping, testing, and any task that could benefit from having a complete
experimental network that can be deployed on real hardware for performance
evaluation [11]. Mininet provides a very good alternative to physical SDN
networks for development, testing, and evaluation. The network that has been
created by this program simulates a datacenter called a fat tree network as is
shown in figure 1; it consists of two types of switches, Core switches, and Edge
switches. Edge switches are connected to the servers; three servers in each Edge
switch, whereas Core switches are connected to all Edge switches to maintain
availability. Two other servers were added by Mininet, the first one is a testing
server which is used to test the behavior of the network as it is like an attempt to
access the network by normal users, and ping packets will be used to simulate this
matter, from which we will gather some information such as the response time
between the testing server and the datacenter server, and the number of dropped
packets. The other servers (Zombies) were added for launching controlled attacks
(DDoS) using an IPERF (Internet Performance Working Group) tool which is a
commonly used network testing tool that can create TCP and UDP packets and
measure the throughput of a network between two nodes.lIt allows the user to set
various parameters that can be used for testing a network, or alternatively for
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optimizing or tuning a network [12].
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Figure 1. Fat tree topology of Datacenter with zombie’s area

5 Theory and Calculation

5.1 Static policy

In the static policy, the SDN controller pushes the open flow table to the open V
switches depending on the best route between each server. So the switches will
assign each port a priority value and the MAC address of a server. Then the
switches can identify where to forward the packets by using previous values as
long as the network remains fixed (unchanged). However, if there are new devices
connected to the network or the target of the incoming packet is not located in the
routing table. Then the switch will send it to the controller which will update the
routing table of the switch by sending back the proper route for that packet.

5.2 Load balancing policy

Load balancing policy distributes traffic intelligently between links in the
network, it is adaptive, which continuously keeps making changes to the
OpenFlow table of SDN switches. Using this policy in the controller allow us to
find the best route at a specific time and send the update information to all
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switches. Under high load flow, this policy will determine the unutilized switches
and change the OpenFlow tables depending on that traffic. Figure 2 shows load
balancing policy updating flow table diagram.

Reset utilization values [

v

Collect utilization
values

- oy #
- ~_
/ Have all hosts been ~_
= assigned a new
core switch ?

Find core switch with
lowest utilization

v

Assign lowest core
switch to host

v

update routing table

. | update routing table wait for polling
- in switches time

Figure 2 : Load balancing policy flow diagram

Evaluating these policies depend on two factors, time latency and throughput.
These factors are considered the most crucial characteristics that measure the
performance of a network. Latency is defined as the total time taken for a
complete message to arrive at the destination. Networks with a longer delay have
high latency, while those with fast response times have low latency. The second
factor is throughput which is defined as the number of messages successfully
transmitted per unit of time as in the equation below [13]:

Throughput = g 1)

Where T is the amount of the transferred data and D is the time duration (specific
period of time).
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6 Results and Discussion

Mitigation of DDoS Attack in SDN Technology Using

The network topology that has been conducted in this paper is fat tree topology
with one external server for testing and zombies for launching DDoS attacks.
Table 1 shows experiments that has been conducted with low, medium and high
load traffic flow against server 2 and 5.

Table 1: Requirements of DDoS experiment

Requirements

Experimentl

Experiment2

Datacenters links

Bandwidth = 5SMB, queue_size =
1000, and delay = 1ms.

Bandwidth = 5SMB, queue_size =
1000, and delay = 1ms.

Main switch links

Bandwidth = 10MB, queue_size
= 1000, and delay = 3ms.

Bandwidth = 10MB, queue_size
= 1000, and delay = 3ms.

Attack Loads

two levels of traffic flow are
used, low (IMB), medium
(2MB).

level of traffic flow are used,
high load (10MB).

Victim

Server 2 and server 5 are the
targets

Server 2 and server 5 are the
targets

6.1 low and medium load evaluation
The graphs in Figure 3 below show how both policies, static and load balancing,
manage the traffic flow of the network under low and medium loads. Experiments
1 and 2 show no noticeable change of average time response either in static or
load balancing policies. The reason for that is that the network characteristics
(especially Bandwidth) can accommodate the traffic flow without dropping any

packets.

83 )

——




Fifth Conference on Engineering Sciences Mitigation of DDoS Attack in SDN Technology Using
and Technology (CEST-2022) 20-22 Load Balancing Policy
December 2022/ Libya

Average ping times to Servers - Low load Average ping times to Servers - Medium load

20 e—e Static Policy i e—e Static Policy
e—e Load balancing Policy 20 - e—e Load balancing Policy |

Ping(ms)
=
(=]
Ping(ms)

A T P . 0
%1 h2 h3 h4 h5 h6 h7 h8 hd hl0 hll hl2 hl3 hld4 hl5 hl h2 h3 h4 h5 h6 h7 h8 h9 hl0 hll hl2 hl3 hl4 h15
Servers Servers

Figure 3: Average ping times to servers under low and medium loads
From the figure above, the ping response time is nearly the same in both policies,
but in terms of power resources, load balancing policy consumes power and time
to calculate the unutilized path continuously, unlike the static policy that uses a
fixed routing table to forward packets to the destination.

6.2 high load evaluation

zombies servers have been used to attack two servers at the same time in order to
exhaust the network or even to fail it. The targets were h2 and h5, and the load
was different from the first experiment (high load 10MB), the dropped packets in
static policy were extremely high and we can say that the network crashed under
this policy, whereas the response time to servers under load balancing policy was
incredibly short compared to the static policy.
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Figure 4 : Average ping times to servers
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As is clear in figure 4, the average response times of servers under load balancing
policy have an acceptable efficiency compared to static policy; moreover, the
targets that have been attacked by zombies show an adequate improvement by
utilizing the unusable paths, even the dropped packets in load balancing policy are
almost nothing (only 11%) , while in static policy, around 70% of ping packets
are dropped. The following Table 2 shows the comparison of both policies in
terms of dropped packets, successful pings and ratio of dropped packets.
Table 2: Ratio of dropped packets under high load attack

Controller’ | Dropped | Successf | Ratio of | Servers that
s policy packets ul pings | dropped dropped pings
packets
All server, but server
Static 219 81 73% 2 and 5 are
unreachable.
Load 33 267 11% Server 2,5
Balancing

The throughput in static policy is approximately 17.408 B/s whereas in load
balancing policy is 143.104 B/s which indicates the noticeable adaptation of load
balancing policy to cope with high traffic flow by utilizing all the network links to
avoid network failure.

Generally, We can say that rerouting the network traffic between links provides
an incredible improvement in network behaviour which indeed assists the network
to cope with DDoS attack, and reduces the impact of this attack to give the
network administrator enough time to block vulnerabilities in the SDN system.

7 Conclusions

SDN networks have been investigated in terms of security, and there was an
adequate study of policy approaches that prevent or even mitigate DDoS attacks.
From the results we found how load balancing policy mitigate the severe impact
of DDoS attack by rerouting the traffic between links in the centres. However,
static policy caused SDN architecture failure. Furthermore, load balancing policy
in high loads attacks against many servers coped with the change and showed a
high efficiency in preventing bottlenecks and maintaining availability. Alarming
the system is recommended to inform network administrator which server was
under attack.
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ABSTRACT

The majority of the IT infrastructure in Libyan universities is out-of-date and
unable to support the demands of the present-day educational system.
Computer laboratories constitute the corner stone of the practical sessions in
IT colleges. In which students struggle to fulfil their practical lessons, and
prepare course’s assignments. Fortunately, Virtual Computing Labs (VCL)
introduce a promising alternative supported by the big advances in cloud
computing. In this research we found that the implementation of VVCLs bring
in flexible access, instant feedback, on the fly maintenance, top-notch
equipment and lower costs which are considered as some of the great benefits
wins the competition with physical computer labs. Based on Azure Lab
Services as a virtual computer lab layer and Microsoft Teams as a
collaboration layer, a collaborative VCL architecture that can replace the on-
campus traditional labs is proposed.

Keywords: E-learning, Cloud computing, Virtual Computing Labs.

1 Introduction

Computer labs are a crucial component of the instructional environment in
computer science departments and technology faculties in Libyan Higher
Education Institutions (HEIs). Each lab contains up to 30 machines. Each
machine has the necessary applications to conduct the practical sessions. The
predominant operating system in use in college computer labs is Microsoft
Windows. Equipment for computer labs that includes programs like C++
compilers, Java Virtual Machines, Eclipse, Netbeans, Visual Studio, Microsoft
SQL Server, Microsoft Office, and other graphical design programs. Technical
staff and IT departments’ admins use the installed software to support the
recognized curricula. However, missing or damaged apps, disconnections
from the local server (if one existed), sluggishness, availability, a lack of
internet connectivity, and out-of-date software are frequent complaints from
students and faculty at Libyan HEIs. Fortunately, relying on Cloud Computing
lab based VCLs is a quick and workable option to get beyond these issues. It is
a service that enables numerous distant computers to connect to a single host
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computer, where, users (students and teaching staff) can access files and other
network resources, run programs on the host computer, and more by logging
on to a terminal server. In computer labs in Libyan HEIs, the technology holds
the promise of replacing the deteriorating infrastructure that is currently in
existence. The term Cloud Computing refers to the on-demand, pay-as-you-go
delivery of IT resources through the Internet. Through which technological
services can be used from a cloud provider on an as-needed basis to access
computing power, storage, and databases instead of purchasing, owning, and
maintaining physical data centers and servers [1]. Great benefits of cloud
computing include agility, elasticity, cost savings and fast deployment. There
are three well-known technologies associated with Cloud Computing,
specifically Software-as-a-Service (SaaS), Platform-as-a-Service (PaaS) and
Infrastructure-as-a-Service (laaS) [2]. A Lab-as-a-service (LaaS) is education
platform called Virtual Computing Lab (VCL) is being suggested as well, and
it offers a controlled environment for hands-on experiments using cloud-based
lab technologies [3]. So, using VCLs students can remotely manage the virtual
machines (VMs) and carry out the experimental activities without physically
being in the lab by connecting over the internet by using their access
credentials. In order to remedy the existing Lab infrastructure in Libyan HEIs

the following models of cloud computing may be considered [4]:

1. TaaS (Infrastructure as a Service). A university’s computational
infrastructure is virtualized and shared for the purpose of solving internal
tasks, including special software installation. This infrastructure may be
used as a base for the creation and deployment of VCL.

2. PaaS (Platform as a Service). Virtualized resources with installed required
packages are shared

3. SaaS (Software as a Service). The most common model of VCL
representation is as a web-service, a successful example can be found in [2]
and [3].

4. DaaS (Data as a Service). It is an additional model for providing data
sources as a cloud services.

5. HaaS (Hardware as a Service). This model is used for sharing unique
equipment, e.g., near-field scanning optical microscopes through an
appropriate interface.

The next section presents the previous studies. Following that we present

important two VCLs models, Apache VCL, and Azure Virtual Service, we

show their important architecture aspects and discuss how they are
provisioned as a LaaS to help HEIs in the teaching and learning process. In

Section 4 we discuss the appropriate VCL architecture that we should adopt in

HEIs Libya. Finally, we discuss our research and draw conclusion with future

work, in Section 5 and 6 respectively.
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2 Related work

Over the past few years, cloud implementations in higher education
institutions have steadily grown [5], [6], with many academic institutions now
utilizing one or more cloud services. With its promise to supply a variety of
computer services in a way that has never been seen before, cloud computing
represents a new paradigm in computing in HEIs [7]. It is likely to reduce
expenditure and also reduce labor-related costs, as less people (e.g.,
technicians, admins) than before will be required to run a cloud-based IT
infrastructure [8], [9]. The Virtual Computer Laboratory (VCL) was founded
in the spring of 2004 [10] with the goal of giving students and researchers
dedicated remote access to a variety of computing environments from any
networked location, on or off campus, the VCL code base was approved as an
incubator project by the Apache Software Foundation (ASF) in November
2008, VCL became an Apache top level project in June 2012. VCL became an
Apache top level project in June 2012 [10]. In another study in Georgia State
University the authors presented a collaborative virtual computer lab (CVCL)
environment to support collaborative learning in cloud-based virtual computer
labs, a setting that allows students to reserve virtual computers labs with
multiple participants and support remote real-time collaboration among the
participants during a lab. In this study we proposed different model of CVCL
architecture based on Azure Lab services and Microsoft teams.

3 Virtual Computing Labs Technologies

Different cloud computing lab technologies that aim to provide LaaS are exist.
For the purpose of this study in this section we present two main technologies
that can help HEIs with limited budget to go for virtual labs instead of on-
campus labs, Apache Virtual Computing Laboratory (VCL) and Azure Lab
Services. The VCL is an open-source implementation of on-demand utility
computing and services-oriented technology providing wide-area access to
solutions based on virtualized resources, including compute, storage, and
software resources. It is defined by University of North Carolina campuses
[10]. While Microsoft's Azure Lab Services [11] is a service that makes it
easier to manage the infrastructure for virtual computer labs on the Azure
cloud. From setting up, starting, and terminating virtual machines to scaling
infrastructure, it manages every aspect of computer lab infrastructure.
Administrators can simply set up labs for classes, decide how many and what
kind of VMs participants need, and add people to classes. Users of the lab only
need to register in order to access the VM and complete activities in class.

3.1  Apache Virtual Computing Lab

Apache VCL platform depicted in Figurel considered the most widely used
virtual computer lab system, it is a free and open-source cloud computing
platform with the primary goal of delivering dedicated, custom compute
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environments to users [10], which was initiated at North Carolina State
University (NCSU) for applying cloud computing to teaching and learning
[12] . VCL supports provisioning several different types of compute resources
including physical bare-metal machines, virtual machines hosted on several
different hypervisors, and traditional computing lab computers you would
normally find on a university campus [10]. When a user uses a program via
VCL, the program runs on the server and VCL allows the user to control that
program from his/her own computer. The VCL is equipped with user interface
consists of a self-service web portal. Using the portal, students and faculty can
access software and applications that were typically only available while on
campus in a lab or via individual software purchase and installation [12].

VCL Manager Software

. User accesses web _

@,
Web
'&‘ interface and request € Schedular Schedule DB

Interface

an application

Scheduler finds a setver with

Server with  requested the requested application or
application made available has management node load

s requested  application on
XD server
Servers ‘_r;

Application Management

sl || [TTITHL

Figure 1 Apache VCL [10]

3.2 Azure Lab Services

Microsoft Azure Lab Services is a service that enables the virtual computer
laboratory infrastructure administration and management in the Azure cloud.
It manages all aspects of the infrastructure of a computer lab, including setting
up, starting, and stopping virtual machines as well as expanding the
infrastructure as needed. Administrators may easily set up laboratories for
classes, decide how many and what kind of VMs participants need, and add
users to classes. Users of the lab only need to register in order to access the
VM and complete activities in class. Figure 2 shows an overview of Azure
Lab Services [13]. The benefits of using Azure Lab Services include the
following [7].
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. Since Azure Lab Services manages VMs and lab access and provides
supporting infrastructure like operating system images, laboratory setup can be
completed more quickly and flexibly. This frees up laboratory administrators
to concentrate on laboratory setup as needed.

. User-friendliness through the use of access protocols that can be used
on a variety of operating systems and regular desktop and laptop computers as
well as a straightforward registration process.

. Vlab consumption charges are only estimated when the VM is active to
ensure accurate and efficient cost computation. The VM schedule policy can
be configured by administrators to automatically turn on and off the VM when
not in use.

Through VCL, users who previously had to visit to a computer lab or install
hardware and software on their own machines may now access it remotely.
Additionally, as it can frequently be difficult for various applications to
coexist on the same machine, it reduces the workload that computer labs must
bear in order to keep numerous applications on individual lab machines.
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Figure 2 Overview of Azure Lab Services infrastructure [14]

For Lab administrators, a great management tool provisioned through VCL
over Azure Lab Services is that it keeps operating system images with the
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required apps and unique configurations and deploys them to a server as
needed in response to user requests. This would significantly contribute in a
better management in terms of quick installations and dynamic changes in
course’s requirements. Faculties, IT departments and students all share the
benefits of such great technology. IT department, for example, Manage Azure
Portal, create the University environment and set up access to on-premises
resources if existed. Whereas, the faculty manages lab service portal, they can
easily and flexibly implement virtual machine gallery for easy customization.
Following that, students use Lab Service portal to access from any where
using remote desktop connection that is available on every operating system or
web client. Azure Lab Services offers new approach for service education
institutions in general to help students learn computer programs. Just a few
things are required to get it going. No matter how many students are registered
or how complicated the virtual machine is, schools may easily configure and
launch classes. Gratitude to Azure Labs, with a minimal management and
supervision, no longer are students required to complete their coursework in a
physical computer lab. The price structure Azure Labs also enables faculties to
plan their budgets for the semester and maximize utilization of their budget
with no loss. Finally, in this regard, Azure Labs clearly offers students a
practical and cost-effective way to acquire the computer skills they will
require during their educational journey.

4 Proposed VCL Architecture for Libyan HEIs

For Libyan HEIs we adopt a Collaborative Virtual Cloud Lab CVCL model
presented in [12]. The CVCL environment uses a layered design to run on top
of a virtual computer lab system that already exists, such as Azure. Two
layers, a virtual computer lab layer and a collaboration layer make up the
layered architecture, as depicted in Figure 3. The collaboration layer employs
services from the virtual computer lab layer, it builds on top of Azure Lab
Services, indicating a loose coupling between the two layers. Accordingly, the
collaboration in the traditional lab might be accomplished utilizing our
suggested design, ensuring that students do not lose out on the true benefits of
cooperating in a virtual lab.
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Figure 3 Collaborative Virtual Computer Lab on top of Azure Lab Services

For the purpose of bringing individuals together around tasks, interests, or
other cooperation requirements, students groups established in Microsoft
Teams [15] . Channels could be established within such teams to focus on a
particular subject, area, or project. In Teams, meetings can be held in one of
the channels where team discussions occur, files are saved, and files can be
shared. Because of its flexibility, Microsoft Teams enables creating teams and
channels that correspond to the needs and specific purposes.

5 Discussion

The tragedy of out-dated computer laboratories in Libyan HEIs never solved
and would continue as long as there is no efficient alternative that is
manageable and cost effective. As the cloud service in general follows a pay-
as-you-go approach, the establishment of virtual Lab based on Azure Lab
Services does not require capital expenditure investment, nor it needs extra
labour requirements. So, the restrictions of high asset capital investment costs
do not prevent the deployment of cloud-based such as Azure. The price of
utilising cloud resources makes up the cost of developing a cloud-based Lab.
Explicitly the configuration of the VMs, the applications needed, and any
other features would determine the price of the laboratory. For instance, in a
recent study [7], a virtual lab established on a university campus was
contrasted with Azure based Lab with 50 VMs while taking the Total Cost of
Ownership into account (TCO) [11], the later won the competition by 26%
lower than his competitor. To this end, we stress that universities should think
of the Cloud-based computer laboratories seriously. The advantages are
countless, for instance:
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o Increasing the accuracy and accessibility of data, software, and
research materials.
o Increasing end users' mobility will make resources available wherever

and whenever they are needed.

Utilizing computational and application performance to its fullest.

o Offering a self-service portal and quick web access.

o Keep the budget to the Computer Labs' operational needs.

6 Conclusions

In this study, We discussed the difficulty with the HEIs' computer lab
infrastructure in Libya. We presented two different cloud-based alternatives.
On the basis of that, we proposed the cloud-based laboratories as a substitute
solution, in order to transform the current scenario and provide educators and
students with a better learning environment. Our proposed architecture
considered the collaborations factor in practical studies as a main factor that
should be included. Future study aims to implement virtual laboratory based
on Azure Lab Services to teach a computer-programming course investigate
its performance, usability and its real cost based on the available local
resources and services.
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1 ABSTRACT

The high-frequency performance of vertical earth rods is important for designing
earthing systems and lightning protection systems, hence they have proved their
advantages in order to protect electrical apparatus during severe lightning strikes,
and an easy path for electrical current to ground was successfully achieved. The
current distribution tests in the insulated and bare sections of the 88m horizontal
electrode system were carried out at the Cardiff University outdoor earthing test
facility at Llanrumney fields. Several test frequencies were used ranging from
52Hz to 100 kHz using the impedance measurement system (IMS) instrument,
Impulse tests were carried out on the grid 5mx5m, 25 mesh with/without bonding
to the 4.8m rod were measured with the Modular Impulse Generator (MIG) for a
range of impulse rise times (~1.44-6us). Examples of the transient voltage
response (earth potential rise). It was concluded that the voltage distribution along
the conductor at 52Hz is flat and the current flowing from the insulated conductor
to the buried bare conductor. This paper would also illustrates experimental
results of a grid with and without high frequency electrode enhanced with
proposed insulated above ground conductor. The aim of this work is to improve
impulse response performance by reducing the earth potential rise of the earth
grid. This experimental work has proved that using insulated conductors in
parallel with earth grid has significantly enhanced the impulse response; little
reduction in voltage at slow rise time was noticed. However, the grid impedance
effect has also been demonstrated at fast rise time.

Keywords: Current distribution, High frequency electrode, earth potential rise,
impulse.

2 Introduction

One of the key indicators for evaluating the performance of earthing electrodes is
their ability to dissipate ground fault current into the surrounding soil. In practice,
this is usually translated into the requirement of achieving low earth resistance.
Some standards [1, 2] provide guidelines for designing and evaluating
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performance under power frequency, without much detail regarding high
frequency and transient performance. Other standards [3, 4] recommend for high
frequency performance either increasing grid mesh density in specific substation
areas or adding vertical rods bonded to the main grid for earthing specific
equipment. The benefits of adding vertical rods have been evaluated in [5], a
study in which the high frequency and transient performance of substation
earthing systems were assessed. In general, earthing electrodes and systems are
commonly designed based on applying recommendations for meeting power
frequency requirements, however, designing for transient and high frequency fault
currents calls for consideration of other factors contributing to the electrode
performance. Of practical significance, the current distribution between the
conductors of the earthing system and the relative proportion of current dissipated
by each of these conductors are factors worth considering since they may
influence safety parameters such as earth potential rise and ground surface
potential. To investigate the behaviour of the grid earth electrode under transient
response, many different approaches have been adopted, and several different
parameters have been proposed. The parameters used by many researchers
include the dynamic impulse impedance v(t)/i(t), the voltage peak to current peak
ratio (Vp/lp), and this is valid for characterizing concentrated earth electrodes
having negligible inductance where the impulse current and voltage peaks occur
at the same instant of time. In the case of high circuit inductance, which results in
the instants of voltage and current peaks not to coincide, the ratio of voltage at
peak current to peak current is used to avoid the inductive effect, this definition of
the impulse resistance (V@I, /lp) is commonly used [6]. In the PhD programme at
Cardiff University [7], the current distribution tests in the insulated and bare
sections of the 88m horizontal electrode system were carried out at the Cardiff
University outdoor earthing test facility at Llanrumney fields. Several test
frequencies were used ranging from 52Hz to 100 kHz using the impedance
measurement system (IMS) instrument. It was concluded that the voltage
distribution along the conductor at 52Hz is flat and the current flowing from the
insulated conductor to the buried bare conductor. However, at higher frequency,
both the voltage and current distributions in the insulated conductor show a fall in
magnitude along the length of the conductor [8].

In another PhD programme [9], a new method has been proposed to increase the
effective length of the 88m horizontal earth electrode by connecting an additional
insulated parallel conductor bonded to the bare underground horizontal electrode
at points along its length. The results were shown that the addition to such
enhancement reduces inductance effects and helps dissipation of injected currents,
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so that a greater length of buried earth conductor is utilised. Tests on an earth grid
with and without enhancements were carried out at Llanrumney field site under
low/high frequency and analysed in the deliverable HVE-PR-3. It was shown that
the addition of a parallel insulated conductor has no major effect on the
impedance of the earth grid at low frequency. However, at high frequencies, a
reduction in impedance becomes apparent especially for the “enhanced two” then
followed by the “enhanced one” and the “enhanced three” setups. In this paper,
the transient impulse response of the earth grid electrode with and without above
insulated conductor, buried in a non-uniform soil, was investigated
experimentally at the Cardiff University outdoor earthing test facility at
Llanrumney fields.

3 Experimental Setup

Figure 1 shows a schematic diagram of the purpose-built experimental setup of
the 5x5m, 25 mesh earth grid at the Cardiff University earthing test facility at
Llanrumney fields. The earth grid was bonded with a single copper rod with a 14
mm diameter and driven to 4.8m depth. Additionally, the grid was bonded with
above-ground insulated conductors with cross-sectional area of 25mm2 in
different configurations. Current was injected at the centre of the grid with a ring
electrode used as the current return, as shown in Figure 1. A reference potential
electrode was placed 150m away from the injection point and perpendicular to the
return lead to minimise mutual coupling effects. Lilco current transformers of
0.1V/A sensitivity with a bandwidth of 20MHz were used for current
measurements. Voltage measurement was achieved using a differential voltage
transducer of 25MHz bandwidth and ratio of 1/20, 1/50 and 1/200 attenuation. To
obtain the fast rise time, series resistances of 247 were used as shown in Figure
1. DC earth resistance tests were carried out using a composite earth tester
(Megger DET2/2). Transient Impulse tests were carried out using Modular
Impulse Generator (MIG2000-6). Figure 2 shows the setup of tests using Modular
Impulse Generator (MI1G2000-6). The charging voltage up to 6300 V, and the
peak output voltage and current of the MIG are indicated on the front. The
MIG0603-UL is a Hybrid or combination generator with a voltage wave shape
1.2/50 ps and a current wave shape 8/20 us. The earth potential rise at the point of
current injection in the test object was measured with respect to a remote
reference electrode, fixed 100m away, and was connected by a lead placed
orthogonal to the current return lead as shown in Figure 1. The test sources were
supplied from an A.C. power supply via an isolation transformer.
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Figure2: Picture of MIG at field test site

4 Impulse Test Results and Discussions

Impulse tests were carried out on the grid 5mx5m, 25 mesh with/without bonding
to the 4.8m rod were measured with the Modular Impulse Generator (MIG) for a
range of impulse rise times (~1.44-6us). Examples of the transient voltage
response (earth potential rise) are shown in Figure 3. The grid with/without 4.8m
rod, is subjected to 1.43/47 psec impulse currents of 5.1 A amplitude. It can be
seen from Figure 3 that the TEPR reaches its peak after the injected impulse
current for the grid and rod only but much more quickly in the case of the grid
with 4.8m rod. This highlights the effect of capacitive component which is greater
for the bonded grid with the rod. Equation (1) is used where the instants of the
impulse voltage peak and current peaks do not coincide, so as to eliminate any
inductive effect in the test results. The equation of calculating the impulse
resistance was used in this test. The comparison between measurement and
simulation results for transient performance for these proposed enhancements will
be investigated under fast impulse current injection using CDEGS ‘FFT Module’

in the future.
@

Rimp = Ir

Table 1 shows the peak TEPR voltages that occurred as a result of employing the
various earthing systems. From Figure 3 and Table 1, it can be seen that bonding
the 4.8m HF rod with the grid has the largest effect on reducing the peak TEPR.

Table 1: Effect of High Frequency Rod on Measured d Peak TEPR

Earth System | I, Maximum Percentage Decrease in Impulse Resistance DC
Configuration | (A) | (Peak) TEPR | TEPR with reference to Rimp (€2) Resistance
Vu(V) rod Only% ©)
Rod only 5.1 76.2 - 14.9 16.3
Grid only 5.1 51.8 32.1 9.9 8.6
Grid with HF 5.1 39.3 48.4 7.7 6.9
Rod

101

——
| —




Fifth Conference on Engineering Enhancement of earth grid electrode performance by
Sciences and Technology (CEST-2022) adding parallel-insulated conductor
20-22 December 2022/ Libya

80 6
—TEPR 4.8m Rod
72 —TEPR Grid 5.4
—TEPR Grid with 4.8m Rod
64 ——Current 4.8
56 4.2
IS
é 40 3 g
F 32 | 24 3
24 1.8
16 1.2
8 0.6
0 '—J 0
0 10 20 30 40 50 60 70 80 90 100

Time (us)

Figure 3: Voltage and current at injection point (grid 5mx5m, 25meshs)

In the previous deliverable, three proposals were selected to investigate the effect
of bonding above insulated conductor with the bare grid under low/high
frequency, all these proposals are shown in Figure 4. The current was injected at
the centre of the grid. The horizontal enhancements and the down lead used to
connect the current injection conductor to the grid are insulated. The tests were to
investigate the benefit of bonding an insulated ground conductor to the 5mx5m,
25mesh grid. Figure 5 shows the effect of horizontal enhancements on the earth
potential rise of the earth grid. The peak injected current was 5.1A with 1.43pus
rise time at the injection point, and this is shown in Figure 1. Due to the fact that
the cases where ‘enhanced one’, ‘enhanced two’ and ‘enhanced three’
configurations were employed, this produced the same TEPR curve, it is difficult
to distinguish the separate curves from the figure. Therefore, the results were also
tabulated. From the results presented in Table 2, it can be seen that the
percentage reduction in the voltage of a grid with enhanced one, enhanced two
and enhanced three scenarios are 22%, 24% and 24 % respectively compared to
the grid only.
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Table 2: Effect of Enhancements on Simulated Peak TEPR

Config Ip V@l Rimp Vp
Rod 4.8m 5.1 76.2 14.9 76.2
Grid 51 50.6 9.9 51.8

Grid with HF 5.1 38.7 7.7 39.3
Enhanced One 5.1 39.0 7.7 40.3
Enhanced Two 51 38.3 7.5 39.6
Enhanced Three 5.1 39.0 7.7 39.3
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Figure 5: Voltages and current shapes at injection point for the grid 5mx5m,
25mehs with enhanced one, enhanced two and enhanced three

The grid EPR for an impulse current of 14.1A peak and 6us rise time was
measured in order to compare with the fast rise time, as shown in Figure 6. As can
be seen from Figures 5 and 6, the voltage peak for the grid is close to the peak
voltages of the grid with three proposed enhancements. However, a significant
reduction obtained when the grid with enhancement was subjected to the fast rise
time as shown in Figure 5, and this may be due to the faster rise time containing
higher frequency components than slow rise time currents.
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Figure 6: Transient response of the grid electrode with enhancements under slow rise time.

5 Conclusion

This paper investigates work including the experimental results of the grid with
/without the high frequency electrode and the proposed insulated above conductor
at the Llanrumney field test site. Experiments to assess the impact of the
enhancement conductors on the impedance magnitude of the earth grid at
transient response was carried out at the test site. Three proposed scenarios were
selected. Improved impulse response performance by reducing the earth potential
rise of the earth grid was determined experimentally by connecting above
insulated conductors in parallel with the earth grid. Using these additional
enhancements, little reduction in voltage at slow rise time. However, the grid
impedance effect has been demonstrated at fast rise time.
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Abstract

Analysis of trace elements in highly interfering matrices such as urine usually
accompanied with erroneous readings because of high concentration of some salts in
this matrix. The optimization of the instrumental parameters of flame atomic
absorption including effect of burner height, flame stoichiometry of fuel to oxidant
were studied. To examine the effect of matrix concentration on the absorption signal
and the reality of the absorbance values given by the instrument in presence of highly
interfering matrix such as urine on of cadmium, chromium, and nickel were
investigated, hence the sensitivity and reproducibility of the instrument readings and
then sensitivity and reproducibility of the analysis were tested. Improvements of
analysis in presence of highly interfering matrices using ethanol, citric acid and
EDTA as a releasing agents were investigated.

Key words: atomic absorption spectrometry, interferences, sensitivity, trace element
analysis

1. Introduction

The importance of trace metals in biological samples derives from their essentiality
and toxicity effects on lining organisms. Determination of trace elements by flame
atomic absorption spectrometry (FAAS) is one of the most important methods in
analysis [1]. Due to low concentration and higher interfering effects of many
biological sample such as urine, blood serum, and other related samples like seawater
and soil background correction system to overcome the interference problems by
matrix [2]. number of analytical steps is reduced and limits of detection are reduced
[3],[4]. The nebulization of a washing solution prior to and after each sample
efficiently washes both the nebulizer and burner, which has a favorable effect on the
analysis of samples of high salt content [5]. Analytical chemist uses many samples
pretreatments methods such as separation, preconcentration and extraction. The
classical extraction and separation methods are usually time consuming and labor
intensive and require large volumes of light purity solvents and environmental
problems, because of solvent disposal because of the former difficulties accompanied
with the extraction and pre-concentration methods these step maybe avoided [6].
Direct analysis of highly interfering matrices by flame atomic absorption
spectrometry (FAAS) limited by the matrix affection on the absorption signals of the
analyte. Attenuating or increasing of this signal was common problem during the
analysis. Direct determination of some trace elements in urine matrix investigated.
The higher concentration of urine matrix attenuates the absorption signal of analyte
into some extents [7-8].
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2. Aim of study
The aim of this work is to study the effect an artificial urine matrix on the absorption
signal of some trace elements with known concentration as compared with the
determination of some trace elements in standard solution, also addition of some
releasing agents to enhance the sensitivity and reduce the matrix effect on the signal.
Optimization of some instrumental parameters such as burner height and fuel to
oxidant flow rate.

3. Experimental
All glassware's were socked with deionized water and 0.2% purified nitric acid. The
standard solutions were prepared from highly pure stock solutions specially made for
analysis by flame atomic absorption spectrometer. A novAA350 double beam flame
atomic absorption spectrometer equipped with deuterium lamp background correction
was used , with computer control for the different components in the instrument like
slit width fuel flow , intensity of light by controlling lamp currant applied ,burner
height , wavelength , and Stoichiometry of fuel to oxidant , In all experiments an
air/acetylene flame was used. An artificial urine solution was prepared according to
the recipe provided by Brooks and Keevil.61 The artificial urine solution contained
0.1g lactic acid, 0.96g citric acid, 6.625g NaHCO3, 25.525¢g urea, 0.9175g CaCly,
13.15g NaCl, 1.23g MgSOs, 3.55g NaSOa, 6.25g K2HPO4, and 3.35g NH4CI all
mixed in 1 L deionized water.
3. Results and discussion

3.1 Optimization of cadmium analysis in presence of artificial urine solution:
Optimization of cadmium analysis in presence of artificial urine matrix is investigated
using 0.5 ppm Cd in artificial urine solution, the results obtained for fuel-oxidant
Stoichiometry and burner height are shown in figures (1 a and 1 b) respectively.
Better absorption values are obtained at 40-fuel oxidant and 7 mm burner height of
instead of 40 and 9 mm for standard solution.
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Figure 1: The effect of two parameters on absorbance signal of cadmium analysis presence in
artificial urine solution (a): effect of fuel-oxidant stoichiometry at burner height 7 (b): effect
of burner height at 40 fuel-oxidant stoichiometry.

3.1.1 Effect of some additives on absorption of Cadmium in artificial urine
matrix:

The effects of additives such as releasing agents on the absorption signal of Cadmium
in artificial urine matrix were investigated and then compared with that of standard
solution at 800C.Figures (2) below show the effects of addition of some releasing
agents to 0.5 ppm cadmium solution in presence of artificial urine matrix at 800C.
From the figure below, better enhancement for absorption signals in all cases at higher
temperatures obtained, with ethanol the signal becomes even better than that for the
standard solution, the same effects were obtained with sodium chloride matrix[9].
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Fig. 2: The absorbance of 0.5 ppm Cd in artificial urine solution with different additives at 80°
C.

3.2 Optimization of nickel analysis in presence of artificial urine solution:
Optimization of nickel analysis in presence of artificial urine matrix is investigated
using of 1 ppm Ni in artificial urine solution , the results obtained for fuel-oxidant
Stoichiometry and burner height are shown in figures (3 a and 3b) respectively. Better
absorption values obtained at 50 fuel oxidant and 10 mm burner height instead of 50
and 9 mm for standard solution.
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Figure 3: The effect of two parameters on absorbance signal of nickel analysis
Presence in artificial urine solution (a): effect of fuel-oxidant stoichiometry at burner height 9
(b): effect of burner height at 50 fuel-oxidant stoichiometry.

3.2.1 Effect of some additives on absorption of nickel in artificial urine matrix:
The effects of some additives such as releasing agents on the absorption signal of
nickel in artificial urine matrix investigated and compared with that of standard
solution at 800C. Figure (4) below show the effect of addition of some releasing
agents to 1 ppm nickel presence of artificial urine matrix at 800C. From the figure
below, better enhancement for absorption signal in all cases at higher temperatures
obtained.
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Figure 4: absorbance of 1 ppm Ni in artificial urine solution with different additives at 80°C.

3.3 Optimization of chromium analysis in presence of artificial urine solution:
Optimization of chromium analysis in presence of artificial urine matrix is

investigated using 1.5 ppm Cr in artificial urine solution , the results obtained for
fuel-oxidant Stoichiometry and burner height are shown in figures (5a and 5b)
respectively. Better absorption values are obtained at 90 fuel-oxidant stoichiometry

and 11 mm burner height of instead of 100 and 10 mm for standard solution.
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Figure 5: The effect of two parameters on absorbance signal of chromium analysis

In presence of artificial urine solution (a): effect of fuel-oxidant stoichiometry at
burner height 10

(b): effect of burner height at 90 fuel-oxidant stoichiometry.

3.3.1 Effect of some additives on absorption of chromium in artificial urine
matrix:

The effects of some additives such as releasing agents on the absorption signal of
chromium in artificial urine matrix are investigated and compared with that value in
case of standard solution at 800C. Results obtained at 800C shown in figure (6). As
can be seen from the figure below show the effect of addition of some releasing
agents to 1.5 ppm chromium presence of artificial urine matrix at 800C. From the
figure below, better enhancement for absorption signal in all cases at higher
temperature. Generally EDTA works better with chromium in presence of urine
matrix than ethanol.
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Figure 6: The absorbance of 1.5 ppm Cr in artificial urine solution with different additives at
80°C.

4. Conclusion

During the analysis of trace elements in presence of highly interfering matrices such
as seawater, very high attention paid in order to get real absorbance values and then
real concentration values. Dilution of the sample may done if the trace element high
enough and can be detected, otherwise addition of releasing agents or more advanced
techniques maybe used instead.
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Abstract

Corrosion is a major concern in the industrial application of ferrous alloys, this is as a
result of the enormous cost involved in damages, maintenance and corrosion control.
Stainless steels have high corrosion resistance capacity because of the existence of
chromium, as a result of the high cost of traditional corrosion inhibitor, science turned
to green corrosion inhibitor to try to compensate for it. In this regard we used a lot
Cactus oil in acidic media (H2Sos —Hcl) for 4 sample, Variable rates and varying
periods of time it was found that the corrosion rate decreases and the best result is a
corrosion rate of 0.0001 iron within Hcl in 72 hr ,H2S04) within 72 hr.

Keywords: Corrosion inhibitor, Cactus oil, corrosion rate, Hcl, H2S04.

1. Introduction

Almost all metals and alloys are unstable in the Earth’s atmosphere and therefore
susceptible to corrosion. Corrosion deterioration of metallic alloys by chemical
interaction with their environments is one of the major sources of industry overhead
costs because of maintenance and repair of damaged and worn-out equipment and
parts. In general, a good portion of the loss can be avoided by proper corrosion
control and monitoring. One of the best methods to reduce the rate of metallic
corrosion is by the addition of inhibitors in which even small concentrations can result
in decrease of the corrosion rate of metallic surface [1- 6]. However, there are
conditions aiding the selection of a suitable inhibitor substance. These include, the
cost and amount of the inhibitor required, long term toxicological effects on the
environment, the inhibitors' ability to treat the corroded surfaces, the inhibitor’s
availability and stability in the environments. In various industries, mild steel has
been used extensively as a building material owing to its cost effectiveness, and high
mechanical strength [1, 2]. Although, through electrochemical and chemical reactions
it has been very reactive with the environmental constituents and hence, component
metal loss arises as a result of corrosion. Corrosion occurs as a result of cross section
losses, having lower ductility, ultimate strength and yield strength. It decreases the
life span of structures resulting into structural vulnerability leading to structural
failure [1]. Various efforts have been previously carried out to reduce unfavorable
reactions mostly through frequently occurring industrial developments such as acid
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pickling, acid descaling, and acid cleaning etc. of which the utilization of corrosion
inhibitors is one of the best methods [3]. Globally, corrosion problems mostly occurs
in industries as a result of service and environmental conditions. Corrosion might not
have immediate negative effect on the material but it affect the physical appearance,
mechanical behavior and strength resulting into significant operational complications
[4]. In industries, acidic solutions are largely used for acidizing, de-scaling, chemical
cleaning and acid pickling for steel, the most frequently used is hydrochloric acid.
Naturally, these occur in corrosive environment resulting into intense corrosion
complications experienced in industrial processes. Acid corrosion inhibitors was
applied extensively to minimize or prevent loss of material associated with the acid
[5]. Mild steel is frequently used as a raw material for construction of pipelines,
buildings and bridges [6], its pre-mature failure and deterioration has resulted into a
gross expenditure of several billions of dollars globally [7]. Since mild steel is an
essential part of infrastructural facilities which includes pipelines, port facilities and
bridges, these cost expenditure include replacement, maintenance and loss of
productivity. The use of paint coatings has been applied to create a protective barrier.
The use of pigments inhibiting corrosion is an essential constituent in paints. Over
time, these pigments percolate from the coatings thereby inhibiting the concealed
metal substrate, which breaks particularly in paint coating [8]. The most efficient
pigment inhibiting corrosion used for different alloys and metals, e.g. mild steel, has
compounds of metal chromates in its oxidation state (Cr*®) [6] for example strontium
chromate. Chromate compounds behaves in a method of either reducing or blocking
both cathodic and anodic rate of reaction. In addition, (Cr*®) has been reported as an
occupational carcinogen related to sinus, naser and lung cancer [2]. In recent decades,
various alternative inhibitors have been considered as substitutes for chromates,
including metallic ions (rare earth metals and zinc), oxyanions (phosphates,
molybdates and nitrates) and organic compounds (carboxylates). All have
demonstrated some extent of inhibition effectiveness [8]. Mild steel corrosion by
atmospheric conditions is a broad topic that have been researched by different
authors. Various researchers have reviewed the corrosion process. A huge quantity of
these information is obtainable on mild steel by atmospheric corrosion at mid and
short term .Various studies have been conducted on the use of organic corrosion
inhibitors, it has frequently been applied in various control measures such as its
effectiveness to impede corrosion of mild steel in seawater .Usually, the use of
inhibitors as a preventive mechanism against corrosion is principally attributed to
inhibitor molecular adsorption which result to surface modification of the mild steel
and formation of subsequent protective laye. Several kinds of inhibitors has been
utilized as an effective means of inhibiting corrosion in various electrolytic media for
mild steels. These media include sea water, hydrochloric and sulfuric acid
concentrations. This manuscript reviews corrosion inhibitors as building evidence for
Mild Steel [7].
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2-Materials and Methods

2.1. Materials

At this stage, small square iron pieces of standard known dimensions are used as
shown in the Figure (1.1). They are prepared before use so that they have equal
polished faces for all samples to give close results that were placed in different
corrosive environments.

They are placed on a sensitive scale to measure their weight as shown in Figure (1.2),
and then placed in clean flasks containing acid solutions to measure their weight
before and after corrosion over a period of three days, and then measure their weight
after adding green oils to these solutions.

Figure (1.1) showing the samples
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Preparation of solutions and samples 2.3

To carry out these experiments, we prepare a set of clean flasks of a known size, as
well as an amount of Hcl - H2sos known focus . We have selected about 8 fine and
evenly polished iron parts samples. The length and width are approximately 2 cm.
Then calculated the weight using a sensitive scale. The weights were as follows:

NO

=
S

N QN N AW N -

SO\ L\ \o\@e|\e

8

Put these samples in clean flasks and we also used 4Hcl -type acid flasks Samples (1-
4) and . were placed Four more flasks containing H2s04 (5-8)

3.Experimental procedure

This experiment is simple, effective, and reliable to determine the desired value which
represents the intensity of corrosion that is already occurred upon the corroded metal ,
itis as follows :-

The sample is polished and pre-weighed mild iron specimens were immersed in
1000ml Hcl with and without watercress as corrosion inhibitor corrosion inhibitor
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was supplied from almadena company by different concentration 2 ml , 4 ml , 6 ml
immersion time was varied from 24, 48, 72, h. The corrosion rate was measured by
weight loss The samples are taken out at end of time, then cleaned with acetone and

its weight is calculated by the sensitive balance.
Calculation corrosion rate(CR)

C.

R=Aw/At

AW=W£-W;
Effect of time

The effect time was studied for different times ( 24 , 48 , 72 hr ) in presence and

absence corrosion inhibition

An Investigation of Usage Eco-friendly Corrosion Inhibitor in
Acidic Environment

Table.1. shows the C.R without corrosion inhibitor in CI
Sample | Time | CR Time |CR Time CR
no hr g/lcm*.h | hr g/lcm*.h | hr g/cm?.h
1 24 0.004 48 0.0006 72 0.002
2 24 0.007 48 0.0005 72 0.001
3 24 0.006 48 0.0005 72 0.00007
4 24 0.004 48 0.0006 72 0.0002
Table.2. effect of 2 ml of Cactus oil
Sample | Time | CR Time |CR Time CR
no hr glcm®>h | hr g/cm?.h | hr g/lcm?.h
1 24 0.001 48 0.0001 72 0.00001
2 24 0.0002 48 0.0003 72 0.00003
3 24 0.001 48 0.0002 72 0.0003
4 24 0.001 48 0.001 72 0.0001
Table.3. effect of 4ml of Cactus oil
Sample | Time | CR Time |CR Time CR
no hr glcm?®.h | hr glcm?.h | hr g/cm?.h
1 24 0.0006 48 0.0001 72 0.00002
2 24 0.0001 48 0.00004 |72 0.0001
3 24 0.0002 48 0.0002 72 0.0001
4 24 0.001 48 0.0001 72 0.0002
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Table.4.effect of 6ml of Cactus oil

An Investigation of Usage Eco-friendly Corrosion Inhibitor in

Sample | Time | CR Time |CR Time CR
no hr g/lcm*.h | hr g/lcm*.h | hr g/cm?.h
1 24 0.0003 48 0.0002 72 0.0002
2 24 0.0004 48 0.0001 72 0.0001
3 24 0.001 48 0.0002 72 0.0001
4 24 0.0004 48 0.0003 72 0.0001
Table 5 shows the C.R without corrosion inhibitor in H2SO4
Sample | Time | CR Time |CR Time CR
no hr glcm®>h | hr g/lcm®.h | hr g/lcm?.h
5 24 0.004 48 0.0005 72 0.001
6 24 0.008 48 0.0004 72 0.001
7 24 0.011 48 0.001 72 0.0002
8 24 0.001 48 0.001 72 0.004
Effect of concentration of Cactus oil
Table 6 . effect of 2 ml of Cactus oil
Sample | Time | CR Time |CR Time CR
no hr g/lcm*h | hr g/lcm*.h | hr g/cm?.h
5 24 0.00077 |48 0.00071 |72 0.00163
6 24 0.00131 |48 0.00091 |72 0.00131
7 24 0.0010 48 0.0013 72 0.00196
8 24 0.00167 | 48 0.00054 |72 0.00128
Table 7 . effect of 4 ml of Cactus oil
Sample | Time | CR Time |CR Time CR
no hr glcm®>h | hr g/lcm®.h | hr g/lcm?.h
5 24 0.000656 | 48 0.00042 |72 0.00196
6 24 0.000145 | 48 0.0021 72 0.00019
7 24 0.000968 | 48 0.00081 |72 0.00127
8 24 0.00164 | 48 0.00053 |72 0.00018
(10)
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Table 8. effect of 6 ml of Cactus oil

Sample | Time | CR Time |CR Time CR

no hr g/lcm*.h | hr g/lcm*.h | hr g/cm?.h
5 24 0.000937 | 48 0.000937 | 72 0.000146
6 24 0.0021 48 0.00208 72 0.000114
7 24 0.00118 48 0.00118 72 0.00173
8 24 0.00145 48 0.00145 72 0.00041

Result &Discussion

By Looking at the previous results, we find that the corrosion rates in (HCL) without
corrosion inhibitor are greater than after adding the inhibitor, so we find that the
highest corrosion rate in 24 hours without corrosion was for the sample 3 0.007
gm/cm?.h and after adding 2ml inhibitor it was for the sample 1 0.001 gm/cm?.h .In
48 hr, the highest corrosion rate was 0.006 gm/cm?.h for sample 4 and after the
inhibitor it became 0.001 gm/cm?.h for sample 4. After 72 hr it was 0.002 gm/cm?.h
for sample 1 and after they added the inhibitor 0.0001 gm/cm?.h . In the same way
when changing the concentration of corrosion inhibitor to 4ml and 6ml , we find that
the highest corrosion value when adding 4 ml was 0.001 gm/cm?.h at 24 hours for
sample 4 and 0.0001 gm/cm?.h for sample 4 at 48 hr 0.0001 gm/cm?.h for sample 2
at 72 hr and for 6ml was0.001 gm/cm?.h for sample3

In 24 hr and 0.0002 gm/cm?.h for sample 2 and 0.0001 gm/cm?.h in72 hr.

By Looking at the previous results, we find that the corrosion rates in (H2SOa)
without corrosion inhibitor are greater than after adding the inhibitor, so we find that
the highest corrosion rate in 24 hours without corrosion was for the sample 7 0.011
gm/cm?.h and after adding 2ml inhibitor it was for the sample 8 0.00117 gm/cm?.h
.In 48 hr the highest corrosion rate was 0.001 gm/cm?.h for sample 7 and after the
inhibitor it became 0.00013 gm/cm?.h for sample 7. After 72 hr it was 0.001
gm/cm?.h for sample 6 and after they added the inhibitor 0.00019 gm/cm?.h for
sample 6 . In the same way when changing the concentration of corrosion inhibitor to
4ml and 6ml , we find that the highest corrosion value when adding 4 ml was
0.00104 gm/cm?.h at 24 hr for sample 8 and 0.00164 gm/cm?.h for sample 6 at 48 hr
0.00196 gm/cm?.h for sample 5 at 72 hr and for 6ml was 0.00108 gm/cm?.h for
sample 6 in 24 hr and 0.00158 gm/cm?.h for sample 7 and 0.00173 gm/cm?.h in72 hr
for sample 7.
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Conclusions

— At the end of the study we find the following: -

— 1.Cactus oil can used as Corrosion Inhibitor in L0M( Hcl —H2s04) .

— 2- After using the corrosion inhibitor, we find that the corrosion rate decreases
with the passage of time and the concentration of the corrosion inhibitor
increases

— 3.The highest value for corrosion rate in Hcl was 0.001 gm/cmz2.h after adding
4ml from inhibitor obtained in absences of corrosion inhibitor in 24 hr,

— 4.The highest value for corrosion rate in H>s04 was 0.0117 gm/cm2.h after
adding 2ml from inhibitor obtained in absences of corrosion inhibitor in 24 hr.

— 5.The lowest value for corrosion rate in Hcl was 0.0002 gm/cm?.h after adding
6ml from inhibitor obtained in absences of corrosion inhibitor in 72 hr.

— 5.The lowest value for corrosion rate in H2s04 was 0.000146 gm/cm?2.h after
adding 6ml from inhibitor obtained in absences of corrosion inhibitor in 72 hr.
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ABSTRACT

Date palm tree fiber (DPTF) at a loading of 20 wt% was incorporated as a natural
filler in high-density polyethylene (HDPE) to fabricate various HDPE/DPTF
composites. The effect of fiber type and its chemical treatment on the properties of the
resultant composites was investigated. Two different parts of the date palm tree,
namely: meshes and leaflets were used to obtain the DPTFs, which were chemically
treated by polyethylene glycol (PEG). Mechanical, water resistance and
morphological properties of the composites containing the treated and untreated
DPTFs were studied. Generally, composites made with treated DPTFs had better
mechanical properties, namely higher impact strength and Shore D hardness than that
of neat HDPE and composites made with untreated DPTFs. The highest impact
strength and hardness was measured for composites containing treated DPTFs
obtained from the meshes. In addition, composites made with treated DPTFs had
better water resistance properties (more hydrophobic nature and less water absorption)
than that of composites with untreated DPTFs. Contrary, as shown by water vapour
transmission rate measurements, the diffusion of water in its vapour state increased
when treated DPTFs (obtained from both meshes and leaflets) was used. Microscopic
observations indicated the formation of a homogenous fiber particle distribution in
composites made with treated DPTFs in comparison to those made with untreated
DPTFs. This indicates the presence of a good interfacial adhesion (thus compatibility)
between the treated DPTFs and the HDPE matrix, which resulted in the formation of
composites with improved mechanical as well as water resistance properties.

Keywords: Chemical treatment; date palm; high-density polyethylene; mechanical
properties; water resistance

1 Introduction

In recent years, natural fibers (NFs) have received a great interest by many scientists
and polymer engineers to be used as reinforcing materials in polymer composites
instead of conventional fillers [1, 2]. This is due to many advantages that are
associated with NFs, which include ease of decomposability, environmentally
friendly, low cost, low weight and high mechanical properties. Nowadays, NFs-
reinforced polymer composites are used in various industrial products and outdoor
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applications. For example, NFs-reinforced polymer composites are used in
transportation (automobiles, railway coaches, aerospace), military applications,
building and construction industries (ceiling panels, partition boards), packaging, and
many other consumer products [3-5]. NFs can be classified into three main categories,
which are plant fibers, animal fibers, and mineral fibers. However, the most common
NFs used to reinforce polymers are plant fibers. These include leaf-type fibers
(pineapple, sisal, and abaca), core-type fibers (hemp, jute, and kenaf), grass/reed-type
fibers (wheat, corn, and rice), seed-type fibers (cotton, kapok, and coir), bast-type
fibers (flax, jute, hemp and ramie), and other types (wood and roots) [5, 6]. Generally
speaking, NFs derived from plants are similar and mainly consist of
cellulose, hemicellulose, lignin, and other substances. It has been reported that a large
variety of NFs, which include wood, cotton, bagasse, rice straw, rice husk, wheat
straw, flax, hemp, pineapple leaf, coir, oil palm, date palm, doum fruit, ramie, kenaf,
bamboo, sisal and jute are used to reinforce polymers [7, 8]. Palm trees are widely
grown in Libya and nearby countries (in North Africa and the Middle East), which
can be considered as a good source of NFs. They would be a good reinforcing filler
for polymers, which can be of a great interest in the area of polymer composites [9,
10]. In fact, palm tree fibers (PTFs) have been successfully utilized as fillers for the
reinforcement of thermoplastics and thermoset composites in recent years [11]. PTFs
could be extracted from different parts of the palm trees, namely: the midribs, spadix
stems, leaflets, and meshes. These PTFs are hydrophilic lightweight fibers that are
easy-to-obtain at low-cost and possess good durability that withstand well against
deterioration [12]. In addition, it was found that composites containing fibers that
obtained from palm trees have moderate tensile and flexural properties compared with
composites containing other NFs such as grass reeds, kenaf, ramie, sisal, coir, banana
fiber [9]. This might be attributed to the fact that PTFs have the highest cellulosic
content (nearly 50%) as compared to other NFs [13]. This might be also due to the
low bulk density of PTFs compared to other NFs [14]. Generally, polymer composites
that are reinforced with PTFs have been successfully used for many applications
including parts and components, which are used in the automotive industry [15, 16].
The main aim of this work is to fabricate and study the effect of different types of date
palm tree fibers (DPTFs) and their chemical treatment on the properties of high-
density polyethylene (HDPE) composites. These include: mechanical (impact strength
and Shore D hardness), water resistance(water absorption (WA), hydrophobicity,
water vapor transmission rate (WVTR)) and morphological properties of the resultant
composites. In general, polyethylene is the most commonly used polymer matrix in
polymer composites, which are reinforced with NFs because of its relatively low
processing temperature and good processability [17]. Therefore, HDPE has been
chosen as the matrix material in this study.
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2 Experimental work

2.1 Materials

Date palm tree meshes and leaflets were obtained from Al-Grabolli city, Libya.
HDPE obtained from Saudi Basic Industries Corporation (SABIC) (HDPE F00952,
Melt flow index (MFI) = 0.05 g/10 min (ISO 1133, 190 °C, 2.16 Kg), density = 952
g/cm?® (1ISO 1183)). Polyethylene glycol (PEG) with weight average molecular weight
of 400 g/mole (PEG400) in liquid form was purchased from Alfa Aesar, UK.

2.2 Preparation and treatment of DPTFs

Date palm tree meshes and leaflets were first washed with tap water to remove any
contaminants, adhering dirt and dust. They were air-dried at room temperature for
48 h and then grinded and sieved to obtain DPTFs with sizes ranging from 38 to
150pum. PEG was used as a treatment agent for the DPTFs obtained from both meshes
and leaflets. The dry DPTFs were stirred in PEG solution (30 vol%) at 100 °C for 2h
in a reflux system. They were then removed from the solution, washed with deionized
water to remove the excess PEG, and then dried in an oven at 80 °C for 24 h.

2.3 Preparation of composites

The treated and untreated DPTFs that obtained from both meshes and leaflets were
dried in an oven at 80 °C for about 4 h, after which they were mixed with HDPE
using twin screw extruder (Brabender, Germany) (L/D ratio of 48) with screw speed
of 70 r.p.m. at 180°C. The obtained composites were subsequently cooled in air for 24
h and then cut to small pieces by scissors. Details of the composites and their codes
are reported in Table 1.

Table 1: Composition of composites and their codes

Composite HDPE DPTFs from DPTFs from DPTFs from DPTFs from
code (Wt%) untreated meshes | treated meshes untreated treated leaflets
(wWt%) (wWt%) leaflets (wt%) (wWt%)
HDPE 100 0.0 0.0 0.0 0.0
Comp.1 80 20 0.0 0.0 0.0
Comp.2 80 0.0 20 0.0 0.0
Comp.3 80 0.0 0.0 20 0.0
Comp.4 80 0.0 0.0 0.0 20

2.4 Characterization of DPTFs

2.4.1 Fourier transform infrared spectroscopy (FTIR)

FTIR was employed to monitor the changes in chemical structure of DPTFs obtained
from both meshes and leaflets caused by PEG treatment. FTIR analysis was carried
out using Tensor Il machine (Bruker, Germany) with a wavenumber resolution of 4
cm™t. The samples were mixed with KBr powder, pressed into pellets and scanned in a
range of 500 to 4000 cm™* with an average of 32 scans.
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2.4.2 Characterization of composites

2.4.2.1 Impact strength and hardness

Specimens for impact strength test were prepared using injection molding machine
(Xplore 12ml, Netherlands). Charpy impact test was carried out using (CEAST Resil-
Impactor tester) at room temperature with impact energy of 15 J. The specimens for
impact test were prepared and notched according to ASTM (D256-10). A minimum of
five specimens were tested and an average value was taken. Hardness was
investigated by a Durometer in Shore D scale at room temperature according to
ASTM (D2240) (a minimum of 10 measurements were taken for each composite and
an average value was recorded).

2.4.2.2 Water absorption (WA)

Water uptake measurements were used to determine the WA behavior of the
composites. Composites were pressed at 5 MPa using a small press at 180 °C to
obtain thin films (~ 1mm). Films with an area of 2 cm? were cut and used in this test.
Before testing, all films have been dried at 80 °C in an air-circulated oven overnight,
then placed in a desiccator. Subsequently, films were weighed with a OHAUS
analytical digital balance (with a resolution of 0.1 mg). The films were immersed in
water and weighed over time for three weeks at room temperature. The excess water
on the surface of each film was removed with blotting paper before weighing. This
test has been conducted in accordance with the procedure recommended by ASTM
D570 [18]. Five specimens from each sample were weighed before and after
immersion (over time) and the water uptake (WU) was calculated as follows:

WU(%) = —=—"°5 100 (1)
my

Where, my is the mass of the sample after immersion (g) and mo is the mass of the
sample before immersion (g).
2.4.2.3 Contact angle measurements
The contact angle measurements were carried out to determine the
hydrphilicity/hydrophobicity of the neat HDPE and the obtained composites’ surface.
The measurements were carried out using Rameé-Hart instrument (model 200-F4) at
room temperature. Drops of water (3 uL) were deposited on the surface of the HDPE
and all the composites with a micro-syringe. Images of the water drops were acquired
through a digital camera positioned on a static contact angle analyzer. The contact
angle (0) was measured automatically from the image setup. The contact angle
measurements were repeated five times for each sample and the average value was
recorded.
2.4.2.4 Water vapor transmission rate (WVTR) test
The WVTR test was used to determine the amount of water vapor that passes through
the composite under 70% relative humidity (RH) at room temperature for 24 h. This
specific RH was achieved using saturated NaCl solution following the work of
Timusk [19] and Kuishan [20]. Zeolite (~2g) was placed in glass containers, which
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were sealed with films made from HDPE and the HDPE/DPTF composites. Films
were prepared by pressing samples at 5 MPa using a small press machine at 180 °C,
which gave thin films of ~1 mm thickness. Films with diameters of 3 cm were cut and
used. The containers were then placed in a dissector filled with the saturated salt
solution to maintain a constant RH at room temperature for 24 hours. All WVTR
measurements were repeated three times and an average value was recorded. The
WVTR was calculated as follows [20]:

WVTR = W1~ Wo )

A

Where, wo is the weight of sample before exposure to water (g), wi is weight of
sample after exposure to water (g) and A is the exposed area of the film in m2,
2.4.2.5 Morphological properties
Microscopic observations of HDPE and its composites were carried out by an optical
microscope (XP-501 transmission polarizing microscope, Turkey), equipped with a
color digital camera (Moticam 2) and Motic Images Plus 2 software at different
magnifications.

3 Results and discussion

3.1 Characterization of DPTFs

3.1.2 FTIR analysis

FTIR was used to identify the functional groups present in the DPTFs obtained from
meshes and leaflets and to monitor the changes in their chemical structures caused by
PEG treatment. It has been reported that these plant fibers contain a variety of
functional groups such as alkenes, phenolic hydroxyl group, aromatic groups, b-
glucose linkages and other oxygen-containing groups (ester, ketone and alcohol) [21].
In general, the characteristic bands of these functional groups correspond to the
absorption bands of lignin, hemicellulose and cellulose [22]. Figure 1 presents the
FTIR spectra of DPTFs obtained from the meshes before and after PEG treatment.
Figure 2 shows the FTIR spectra of DPTFs obtained from the leaflets before and after
PEG treatment.

3.0 Treated mesh fibers
Ve

Absorbance

Untreated mesh fibers

0.5+

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 1: FTIR spectra of DPTFs obtained from treated and untreated meshes.

128

—
| —



Fifth Conference on Engineering Sciences High-density polyethylene/date palm tree fiber

and Technology (CEST-2022) 20-22 composites: Effect of chemical treatment and fiber type
December 2022/ Libya

The broad band at 3750-3200 cm™ shown in Figure 1 is typical of hydroxyl (-OH)
groups (stretching and flexing vibration frequencies of the intra- and intermolecular
hydrogen bonds of cellulose) [23-25]. From Figure 1, one can see that the broad
absorption band for DPTFs obtained from meshes at 3750-3200 cm™ of -OH groups
was intensified (became narrower and more defined) after PEG treatment, suggesting
the occurrence of hydrogen bonding between PEG and the functional groups in the
fibers. This could lead to reduce the number of -OH groups from the fiber surface,
which results in meshes with a hydrophobic nature [21]. The absorption band at 2990-
2905 cm™ is due to the stretching vibrations of CH,. The small absorption band at
2890-2805 cm-1 are due to the C—H symmetric stretching of the methylene (CH and
CHa) groups [26]. The latter two bands are generally overlapped after PEG treatment.
This means that the proportions of CH, and CHs were higher in the treated DPTFs
than in the untreated one. This is rather expected because PEG contains a greater
proportion of these groups, which can be recorded in the FTIR spectra [27]. A small
band was observed at 1780-1714 cm™ due to the carbonyl (C=0) stretching from the
ester linkage of hemicellulose and lignin. An increase in the intensity of this band was
observed after the treatment with PEG. This could indicate a slight change in
hemicellulose and lignin has occurred due to the treatment with PEG. Furthermore,
the peak representing the ether groups in treated mesh at 1253 cm™ had changed
noticeably; it became wider compared to the same peak in the untreated mesh fiber
water spectrum. This may indicate the removal of some materials during PEG
treatment [28]. Overall, it appears that treatment of the DPTFs obtained from meshes
with PEG resulted in a significant interaction between the PEG and the mesh fibers
via hydrogen bonding.

2.0

151 Treated leaflet fibers

/

Absorbance
P

0.5

Untreated
leaflet fibers

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm'1

Figure 2: FTIR spectra of DPTFs obtained from treated and untreated leaflets.

From Figure 2, it can be seen that contrary to the DPTFs obtained from the meshes,
the absorption band for -OH groups at 3750-3200 cm™ in the DPTFs obtained from
leaflets were similar before and after PEG treatment (no significant change in beak
broadening was noticed). Furthermore, treatment of leaflets with PEG did not cause
any other significant changes in the FTIR spectra of the DPTFs obtained from the
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leaflets. From Figure 1 and 2, one can clearly see that the influence of PEG treatment
was much more distinct in the case of DPTFs obtained from the meshes than those
obtained from the leaflets.

3.2 Characterization of composites

3.2.1 Impact strength and hardness

It has been shown that NFs can improve the fracture toughness, crack resistance,
tension performance, flexural properties, impact strength, and fatigue behavior of
composites [29]. The impact strength and Shore D hardness of neat HDPE and
composites made with DPTFs obtained from meshes and leaflets are shown in Table
2. Composites with untreated DPTFs (obtained from both meshes and leaflets) had
higher impact and lower Shore D hardness than that of pure HDPE. However,
composites with treated DPTFs (obtained from both meshes and leaflets) appeared to
have higher impact strength and Shore D hardness than that of pure HDPE and
composites with untreated ones. This probably indicates that PEG treatment improved
the interfacial adhesion between the fibers and the HDPE matrix (better
compatibility). This resulted in better fiber particle distribution, which led to the
formation of composites with improved mechanical properties [10]. Moreover, as
seen in Table 2 the highest impact strength and hardness was obtained by composite
made with treated DPTFs obtained from the meshes. This is in agreement with the
FTIR results, which indicated better interfacial adhesion between DPTFs obtained
from PEG-treated meshes and HDPE. This resulted in even better fiber-matrix
adhesion and therefore much better fiber distribution occurred in comparison to the
composites made with the DPTFs obtained from the leaflets. Consequently, higher
impact strength and hardness were observed for composites made with treated DPTFs
obtained from the meshes.

Table 2: The impact strength and Shore D hardness of HDPE and HDPE/DPTF composites

Composite code Impact strength (KJ/m?) Shore D hardness
HDPE 8.19 (0.10)* 57.5 (0.32)*
Comp.1 10.04 (0.76)* 57.3 (1.24)*
Comp.2 11.06 (0.52)* 63.8 (1.42)*
Comp.3 9.53 (042 57.4 (0.92)*
Comp.4 10.31 (0.36)* 59.3 (1.42)*

* Standard deviation between brackets

3.2.2 Water uptake test

Composites based on plant fibers are sensitive to water. Therefore, itis of
great significance to study the water absorption (WA) characteristics of these
composites. This is because WA could affect the properties of these composites,
resulting in changes of bulk properties such as dimensional stability, as well as
mechanical and physical properties [30]. Figure 3 shows the WA behavior for the
HDPE/DPTF composites.
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Figure 3: WA behavior for the prepared composites.

From Figure 3, one can see that in general water uptake of the composites increased
with soaking time and thereafter it became relatively constant after 16 days except for
the composite made with untreated DPTFs obtained from leaflets. It has been shown
that cellulose and hemicellulose components in plant fibers are mostly responsible for
the WA of NFs, since they contain many easily accessible -OH groups which offer a
level of hydrophilic character to these fibres [31, 32]. As illustrated in Figure 3, the
incorporation of treated and untreated DPTFs obtained from meshes and leaflets had
no significant effect on the water uptake of HDPE. All HDPE/DPTF composites
generally showed a relatively very low water uptake, ranging from 0.75-1.25 wt%.
From Figure 3, one can also see that treatment of DPTFs with PEG slightly reduced
the WA of the composites containing them in comparison to composites with
untreated fibers. According to Shu-pin et. al. [33], the improvement of water-related
properties can enhance the interfacial bonding between wood fibers and
polypropylene matrix by heat treatment with PEG. Also, heat treatment with PEG
could result in improvement in the dimensional stability of these composites. Russly
and Lugman [34] claim that treatment with PEG could result in a decrease in void
volume, which enhance the adhesion between fibers and polymer, which restrict water
penetration and storage at the interface. However, it is known that WA of such
composites can be affected by the existence of lumens, holes, voids, flaws, poor
interfacial adhesion, and microcracks at the interface between the filler and the
polymer matrix [35].

3.2.3 Contact angle measurements

The value of the contact angle can vary from 0-180° 0° representing fully wetted
surfaces (very hydrophilic) and 180° representing totally non-wettable surfaces (very
hydrophobic). In other words, wettability and hydrophilicity/hydrophobicity are
closely related phenomena. It should be mentioned here that hydrophobic surfaces are
characterized by a contact angle of 90° or more and hydrophilic surfaces are
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characterized by a contact angle of less than 90°. Table 4 shows the effect of PEG
treatment on the contact angle of HDPE/DPTF composites made with DPTFs
obtained from both mesh and leaflet. Contact angle of neat HDPE is also shown for
compassion.

Table 4: Contact angle of HDPE and HDPE/DPTF composites

Composite code Contact angle (6°)
HDPE 81.10 (3.1)*
Comp.1 77.82 (1.0)*
Comp.2 78.78 (0.9)*
Comp.3 74.67 (2.8)*
Comp.4 78.46 (2.6)*

* Standard deviations between brackets

As shown in Table 4, the contact angle of neat HDPE and composites were <90°,
which indicates that they all had surfaces with a hydrophilic nature. However, the
contact angle of composites was lower than that of neat HDPE. This indicates that the
presence of treated and untreated fibers resulted in composites with more hydrophilic
nature. This is properly due to the presence of excess of polar groups on the surface of
the composites, which caused by the addition of mesh and leaflet fibers (treated and
untreated). This is because these fibers, which are derived from plants mainly consist
of cellulose, hemicellulose, lignin, and extractives, as mentioned previously. It should
be mentioned here that the decrease in contact angle can be probably due to increased
roughness of the film surface caused by the fibers [36, 37]. Also, contact angle
measurements may depend on other factors, such as surface energy, surface chemical
structure, viscosity of the liquid and surface cleanliness [38-39]. From Table 4, one
can also see that in both cases (composites with mesh and leaflets), lower contact
angle was observed when untreated fiber was used. This indicates that using treated
fibers resulted in composite surfaces with less hydrophilic nature than that of
composites made with untreated fibers. This is probably due formation of hydrogen
bonding between -OH groups of PEG and -OH groups of cellulosic materials of mesh
and leaflet fibers. Therefore, less polar groups are available in the composite surface
which led to the formation of surfaces with less hydrophilic character. This in in good
agreement with the WA measurements, which showed that composites made with
treated DPTFs had lower WU values (see Figure 3).

3.2.4 Water vapor transmission rate (WVTR)

WVTR is the standard measurement by which polymer films are compared for their
ability to resist water vapor transmission through them. Lower WV TR values indicate
better water resistance of a polymer material. Table 3 shows the WV TR for the HDPE
and its composite films which contain treated and untreated DPTFs obtained from
meshes and leaflets.
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Table 3: WVTR of neat HDPE and HDPE/DPTF composites

Composite code WVTR (g/m?/24h)
HDPE 0.007 (0.001)*
Comp.1 0.019 (0.006)*
Comp.2 0.032 (0.299)*
Comp.3 0.020 (0.003)*
Comp.4 0.031 (0.001)*

* Standard deviation between brackets

Table 3 illustrates that neat HDPE films displayed very low WVTR, which is 0.007
g/m?/24h. However, all composites exhibited higher WVTR than that of neat HDPE.
The highest increase (from 0.007 to 0.031-0.032 g/m?/24h) was obtained by the
composites, which contain treated DPTFs obtained from meshes and leaflets. Whereas
a lower increase (from 0.007 to 0.019-0.020 g/m?/24h) was obtained by the
composites containing untreated DPTFs obtained from meshes and leaflets. This is
contrary to the results obtained from the WA test, which indicated that composites
made with treated DPTFs had less WA. This can be explained by the fact that the
WVTR test depends on diffusion of water vapour through the composite film in
addition to the solubility.

3.2.5 Morphological properties

The optical microscopy images in Figure 4 clearly show the agglomeration of fiber
particles in the composites made with untreated meshes and leaflets (Figure 4a and
4c) in comparison to composites made with treated meshes and leaflets (Figure 4b and
4d). This heterogeneous particle distribution led to lower interfacial adhesion between
the untreated fibersand HDPE matrix. Contrary, composites made with treated fibers
exhibited better compatibility between the fiber and HDPE, which was apparent from
the absence of fiber aggregation (relatively better fiber distribution). Moreover, no
sign of voids and filler pull-outs (retreats) from the HDPE matrices were observed in
all composites made with treated fibers.
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Figure 4: Optical microscopy images of composites made with: a) untreated meshes, b)
treated meshes, c) untreated leaflets and d) treated leaflets.

4 Conclusion

The effect of adding different types of date palm tree fibers (DPTFs) and their
chemical treatment on the properties of HDPE was investigated. DPTFs were
obtained from two different parts in the date palm tree (i.e., meshes and leaflets),
which were treated by polyethylene glycol (PEG). Mechanical, water resistance and
morphological properties of the obtained composites were investigated. Overall,
treating the DPTFs with PEG appeared to have a considerable effect in reinforcing
HDPE. Results revealed that the treatment of DPTFs improved the impact strength
and Shore D hardness compared to neat HDPE, significantly. Moreover, composites
made with DPTFs obtained from treated meshes had better mechanical properties than
that made with treated leaflets. In addition, ccomposites made with treated DPTFs
(obtained from both meshes and leaflets) had better water resistance properties (less
hydrophilic nature and less water absorption) than that of composites made with
untreated DPTFs. Contrary, the water vapour transmission rate measurements
indicated that the diffusion of water in its vapour state increased when treated DPTF
(both mesh and leaflets) was used. Optical microscopy images clearly showed the
formation of significantly less fiber aggregation in composites made with treated
DPTFs (both meshes and leaflets). Moreover, no sign of voids and filler pull-outs
(retreats) from the HDPE matrix were observed in composites made with treated
DPTFs. This resulted in better fiber particle distribution, thus composites with
improved mechanical as well as water resistance properties were formed.
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ABSTRACT

The local gypsum deposits were investigated in order to determine their physical and
chemical properties. General properties such as physical and chemical properties are tested
using standard laboratory procedure. The raw gypsum has been produced by open pit
mining technique. The study was conducted to evaluate the characteristics of gypsum from
Al Mabrouk mining sites; one is a huge reserve with great thickness and two others with
less thickness. Samples of gypsum from the studied sites were obtained and their physical
and chemical properties were determined. They were calcined into plaster of Paris (P.O.P)
in an oven between 105°C (221°F) and 200°C (392°F). The raw gypsum samples were
analyzed to determine their chemical constituents using XRF technique. The major
significant constituents such as Sulphur Trioxide (SOz); Calcium Oxide (CaO); Magnesium
Oxide (MgO); Sodium Oxide (Na20); Potassium Oxide (K20); Manganese Oxid (MnO);
Titanium Oxide (TiO2); Ferric Oxide (Fe20s) and combined matter (Loss-on-ignition) were
determined. Based on the previous tests the results confirmed that the investigated gypsum
is suitable for several purposes e. g. cement manufacture, source sulphates, construction and
production P.O.P for use in plasterboards.

Keywords: Gypsum, deposit, physiochemical, properties, plaster of Paris, changes chemical
composition.

1 Introduction

The mineral gypsum precipitated some 100 to 200 million years ago when sea water
evaporated. From a chemical point of view it is calcium sulphate Dihydrate (CaS04.2H20)
deposited in sedimentary layers on the sea bed. Under high pressure and temperature
gypsum turns into anhydrite (CaSQOas). In nature, gypsum and anyhdrite occur as beds or
nodular masses up to a few meters thick. Gypsum is formed by the hydration of anhydrite.
The depth of hydration can range from the surface of the deposit down to three hundred
meters, depending on temperature and pressure, topography and the structure of the deposit.
Anhydrite is often mined in conjunction with gypsum, but is comparatively limited in its
technical applications. The content of gypsum in sedimentary rock varies from 75% to 95%,
the rest being clay and chalk [1]. Gypsum is a common sulphate mineral of great
commercial importance, it composes of hydrated calcium sulphate (CaSOas. 2H20). It is a
white mineral of calcium sulphate found in deposits in the earth crust. Gypsum is a less
reflective, glass-like soft stone; which is of great importance for the manufacture of many
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industrial products. Gypsum is formed through geological processes, hence it occurs in
nature in various forms. These forms can basically be grouped into two broad categories of
rock gypsum and sand gypsum. Rock gypsum is described as having different colours
ranging from transparent or white; sometimes grey, yellowish to red. Gypsite is gypsum
mixed with sand and dirt [2]. Commonly used in many industries, gypsum (CaSQOs-2H20) is
a monomineral sulphate sedimentary rock, built almost exclusively from the mineral of the
same name, with anhydrite, calcite and halite admixtures [3,4 ]. The crystal structure of
gypsum depends mainly on the conditions in which the raw material transformations took
place and a specific phase (temperature and pressure) was created [5-8]. Gypsum/anhydrite
are produced from open-cast mines, or underground mines using pillar and stall mining
methods, that give extraction rates of up to 75%. Gypsum is normally only screened to
remove ‘fines’ (mainly mudstones), then crushed and finely ground. Gypsum/anhydrite for
cement manufacture is supplied in crushed form for further fine grinding with cement
clinker [6]. When Gypsum (CaS04,2H,0) is ground to a powder and heated at 150° to 165°
C, three-quarters of its combined water is removed producing hemi-hydrate plaster
(CaS04,1/2H,0), commonly known as the ‘Plaster of Paris’. When this powder is mixed
with water the resulting paste sets hard as the water recombines to produce Gypsum again.
This process can be repeated almost indefinitely, with important implications for recycling
[7]. Gypsum is one of the oldest known minerals used in basic and construction materials.
As far back as 7000 BC, gypsum was already used as a base for frescoes in the town of
Catal Huyuk in Asia Minor [9]. Gypsum was also used in its natural form for sculptures and
building blocks, as plaster and in the mortar of world-famous buildings such as the towers
of Jericho, the Great Pyramid of Cheops or the Palace of Knossos [9]. The Romans knew
about the advantageous properties of gypsum and spread the knowledge about its
preparation to the area north of the Alps. Much of this knowledge during the Migration
Period (400-700 AD). It was not until the architectural style of Romanticism that gypsum
returned to the scene as a building material. Gypsum technology was further developed
during the period of industrialization in the 19th century, which provided a clear distinction
between gypsum dihydrate, hemihydrate and completely dehydrated anhydrite and the
importance of different firing temperatures [9]. The world production of gypsum is in range
of 140-160 million tons [10].

2 World Mine Production and Reserves

Gypsum and anhydrite occur all over the world and are usually easy to exploit. In global
terms, around 50 % of the gypsum is used for the production of cement, 39 % for the
production of plaster and stucco (which also includes wallboards) and around 10 % in
agriculture. Due to its low price gypsum and gypsum products are not usually transported
over long distances, which in the past prevented the recycling of gypsum waste. During the
past few years better technologies were developed for the increased recycling of gypsum
[9]. Table 1 presents the world production of gypsum by countries.

Table 1 World production of gypsum by countries [ /0]
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Countries Mine production (MT*) Reserves (MT*)
2018 2019
United States 21,100 20,000 700,000
Algeria 2,500 2,500 NA*
Brazil 3,200 3,200 340,000
Canada 3,000 3,000 450,000
China 15,500 16,000 NA
France 3,000 3,000 NA
Germany 3,200 3,200 NA
India 2,700 2,700 37,000
Iran 16,000 16,000 NA
Japan 4,700 4,700 NA
Mexico 5,400 5,400 NA
Oman 7,000 7,000 NA
Pakistan 2,200 2,200 4,900
Russia 3,800 3,800 NA
Saudi Arabia 3,310 3,300 NA
Spain 7,000 7,000 NA
Thailand 9,300 9,300 1,700
Turkey 10,000 10,000 200,000
Other countries 20,000 21,000 NA
World total 143,000 140,000 Large
(rounded)

* NA = Not available *MT = million tons
3 Significance of Study and Problem Statement
The importance of this study can be summarized as Libya has a great quantities of raw
materials estimated as millions of tons the raw materials characterized by the lower
contents of impurities the most locations of these materials located on or nearby the
highways the easy of transportation by trucks or belt conveyor to achieve the sustainable
development and support the national income. These rocks haven't subjected in details
studies and evaluation the study spotlight on the importance of these rock materials as a
natural resource there is no available concerning data can be used as reference.
4 Objectives of Study
The main aim of this study is to focus on the assessment of the raw materials of local
gypsum deposits required as a raw material for various industrial purposes particularly
cement manufactures in the investigated locations throughout:

1. Study the chemical composition of raw materials.
2. Determination their characterizations and the potentiality as construction raw
material.
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3. Correlation between these raw materials and the standard ones to distinguish their
quality.

4. Highlight on the raw materials as natural resources in Libya.

5. The study regards as preliminary one for more detail study later.

Calcareous rocks

N5 P el gy T ‘
b 4 i
M Gypsum deposits

Figure 2 Sidi Al Mabrouk (Site 2) Figure 3 Sidi Al Mabrouk (Site 3)

5 Materials and Methods
5.1 Location of Studied Sites

Gypsum deposits occur in different locations all over Libya with different amounts
and reserves. This study has been carried out on the area including a high reserve of
gypsum deposits namely Mabrouk quarry lies in the east Benghazi city e. g. Al Rajma
and Sidi Mabrouk. Figure 2 a map illustrates the different location deposits of vaporits
rocks such as gypsum and salts.
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A Liaall S gadll 550 50

Gypsum and salts deposits

Figure 4 Location map of gypsum and salts deposits [/ /]

Figures 5 & 6 a satellite images show the location of the studied area and their
investigated sites at Al Mabrouk quarry.
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Figure 5 Satellite image for the location of study are (Mabrouk quarry)

Location of gvpsum production in the studied area

-
Sidi Al Mabrouk (Site 3)

", ="

Sidi Al Mabrouk (Site 1)

Figure 6 Satellite image for the study sites at Al Mabrouk quarry

On the other hand, Figures 5 through 7 photos show the gypsum face cuts at the
investigated three sites of Al Mabrouk quarry.

52 SAMPLES COLLECTION

The extraction and exploitation of gypsum in the studied area is mainly carried out by
open pit methods (Figure 7).

a,
y

ey
57 Non o
S R

Figure 7 Open cast mining process in the investigated locations
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To assessment the quality of the gypsum as raw material for the different applications,
the raw gypsum samples were brought from the locations of studied sites represented
by the three sites, three samples of each site (Figure 6). These samples were subjected
to the chemical analysis and physical tests to determine their characterizations. All
tests have been carried out in Libyan National Cement Company at Al Fataih area to

determine the different constituents using XRF technique.

s
B
& TRy b .
b 1. e
S et |

Figure 8 The collected samples from Al Mabrouk quarry

Sample of gypsum from the sites were crushed to fine particles in stages. The final
crushing resulted in flour like texture. The powder was loaded into kettles and calcined at
about 105°C (221°F), a temperature reasonably above the minimum temperature necessary
for calcinations as reported by Coburn [12]. The result obtained from each sample was
added and an average result obtained.

5.3 Formation of the Plasterboards

The Plasterboard panel consists of a layer of gypsum plaster sandwiched between two
layers of paper. The raw gypsum, CaS0Oa4.2H20, was heated to drive off the water then
slightly re-hydrated to produce the hemihydrate of calcium sulphate (CaSOa. 1/2H,0).

5.4 Sample Analysis

The gypsum samples were dried under naturally conditions and later soaked in tap water
for 24 hours to reduce impurities such as clay within the gypsum. The gypsum minerals
were placed on wire mesh on three steps in an oven in order to allow free circulation of
heat in the oven. The temperature of the oven was regulated at 105°C as a preliminary test
for 24 hours.

5.5 Mechanical Properties Measurements

5.5.1 Compressive Strength

Compressive Strength test have been carried out on three samples that representing the
three studied sites for the investigated P.O.P specimens. After calcination process and
grinding the samples were moulded with a dimensions 200 x 100 X 20 mm. The
compressive results revealed a relative variation between the investigated sits as shown in
Table 2.

Table 2 Compressive strength of board samples
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Sample average volume Failure load Compressive strength
Location mm) (KN) (KN/ mm?)
Site (1) 200 x 100 x 20 11.75 0.588
Site (2) 200 x 100 x 20 12.14 0.607
Site (3) 200 x 100 x 20 12.89 0.645

5.5.2 Modulus of Rupture

Munai [13] presented an explanatory study gives a mathematical formula could be used to
estimate the modulus of rupture as following:

M = 3WL/2bd?

where, Lbd sample dimensions and the failure load by KN.

Three samples represented the three studied locations were subjected to examination and
the results were presented in Table 3.

Table 3 Compressive strength of board samples

Sample average volume Failure load
. (mm)
Location (KN)
Site (1) 200 x 100 x 20 0.40
Site (2) 200 x 100 x 20 0.43
Site (3) 200 x 100 x 20 0.46
Failure load average 0.43
(KN)
M = 3WL/2bd?
L=80mm, b=100mm, d=10mm
W =0.43 KN

Modulus of rupture = 3 x 0.43 x 10% x 80/2 x 100 x 102 = 5.16 N/mm?

ASTM — C-59, (1990) recommended that the minimum value of bearing strength for
Plaster Of Paris is 267 N, and 455 N for flexural strength. Accordingly, the obtained result
of the investigated samples is 516 N which greater the recommended value of ASTM — C-
59, (1990).

6 Results and Discussion

The gypsum ore deposits occur in a huge amounts and high reserves. The thickness varies
from site to another ranging from a few meters to more than 20 meters of the outcrops
beds (Figure 9). Generally overlain by clay rocks or sometimes calcareous ones. The area
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have irregular land morphology depending on the lithology and tectonics of the region.
The rock outcrops are common on the upper slopes. Weathering products cover the lower
slopes. Peaks around the region are generally W-E and sometimes NW-SE trending. The
climate is an east Mediterranean one. In the region, the summer is mild and humid and the
winter is mild and wet. Precipitation occurs mostly in the form of rainfall, intensifying
winter.

Overburden clay

Gypsum layer

Figure 9 Thickness variation of gypsum depsites

Generally, in the point of view of the previous geological studies, Libya has beendivided
into four main regions as following:

1. Northwestern region: include Tripoli area, Al Jofra coastal plain, Nafossa mountain,
Hamada basin and northern Gargaf elevations.

2. Northcentral region: include Sirte basin and Al Jofra area.

3. Northeastern region: made up of Cyrinica area, Al Jabal Al Akhadar, Al Sarir and Al
Jaghboub.

4. Southwestern region: represented by Fazan area and Merzq basin.

This study has been performed on the local gypsum deposits in north east Benghazi city
which belonging to the Northeastern region which covered by a succession of clay and
limestone rocks which go back to the Tertiary of Cenozoic Era, representing by Al
Faidiyah formation.

6.1 Chemical Analysis

Three samples from different from each quarries were ground to fine powder using mortar
and pestle to prepare for chemical analysis. Tables 5 through 7 provide the results of
chemical analysis for the studied locations.
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Table 5 Chemical composition of three gypsum samples for site (1)

Chemical Chemical composition (Wt. %) Average (%)
compound Sample (1) Sample (2) Sample (3)
SOs 43.40 44.19 42.99 43.52
CaO 23.06 23.90 22.96 2330
MgO 1.45 1.49 1.50 148
K20 0.33 0.30 0.29 031
Na20 0.21 0.25 0.26 024
MnO 0.033 0.32 0.30 0217
TiO2 0.050 0.045 0.052 0.049
Fe20s3 0.25 0.20 0.21 022
Cl 0.0050 0.0042 0.0056 0.0049
LO.lL.* 33.40 29.20 30.53 31.043
b 99.19 99.70 99.10 99.33

L.O.I* = loss on ignition
Table 6 Chemical composition of three gypsum samples for site (2)

Chemical Chemical composition (Wt. %) Average (x)
compound Sample (1) Sample (2) Sample (3)
SO3 43.43 43.16 42.40 42.99
CaO 22.82 21.96 20.99 21.92
MgO 1.07 1.02 1.15 1.08
K20 0.25 0.22 0.19 0.22
Na,O 0.21 0.19 0.24 0.213
MnO 0.024 0.030 0.032 0.028
TiO> 0.0037 0.0031 0.002 0.0029
Fe:03 0.22 0.26 0.31 0.26
Cl 0.0040 0.0039 0.0044 0.0041
L.O.l. 30.93 32.19 33.80 3231
Y 98.96 99.02 99.12 99.03
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Table 7 Chemical composition of three gypsum samples for site (3)

Chemical Chemical composition (Wt. %) Average (x)
compound Sample (1) | Sample (2) | Sample (3)
SO3 42.70 41.15 40.12 41.32
CaOo 22.66 24.16 25.01 23.94
MgO 112 1.19 1.21 117
K20 0.33 0.35 0.41 036
Na:O 0.19 0.28 0.30 0.26
MnO 0.026 0.032 0.031 0.029
TiO> 0.040 0.044 0.046 0.043
Fe.O3 0.22 0.290 0310 0273
Cl 0.004 0.0091 0.0062 0.0064
L.O.I. 31.80 31.37 31.58 3158
> 99.09 98.88 99.02 98.99

The gypsum samples were dried under naturally conditions and later soaked in tap water
for 24 hours to reduce impurities such as clay within the gypsum. The gypsum minerals
were placed on wire mesh on three steps in an oven in order to allow free circulation of
heat in the oven. The temperature of the oven was regulated at 105°C as a preliminary test
for 24 hours. Only partial transformation to hemihydrates was observed. To achieve the
required calcination of gypsum, the temperature was raised to about 200°C (392°F) for
another 24hours. The calcined gypsum was brought out and the mineral was observed to
become completely whitish in physical presentation. The same process was carried out for
the second batch of calcination. In order to achieve smooth and homogenous finish to the
board surface, the calcined mineral was ground and 200um sieve was used to obtain fine
powder. The powder was then placed into clean polythene bag to avoid moisture
absorption. The average chemical composition of the investigate gypsum is shown in
Tables 8, while Table 9 gives the chemical composition of the plaster in percentage by
weight. Tables 10 and 11 give comparison of the chemical composition of the studied
gypsum and its plaster with those of pure gypsum respectively.

Table 8 Chemical composition of plaster of site (1)

Chemical Chemical composition (Wt. %) Average (X)
compound Sample (1) Sample (2) Sample (3)
SOs3 54.12 55.16 53.77 54.35
CaO 26.90 27.02 25.97 26.63
[ 150 )
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H20 16.10 15.02 19.33 16.82
> 97.12 97.2 99.07 97.80
Table 9 Chemical composition of plaster of site (2)
Chemical Chemical composition (Wt. %) Average (x)
compound Sample (1) Sample (2) Sample (3)
SOs3 53.41 54.16 53.62 53.73
CaO 25.66 26.14 24.88 25.56
L.O.L 19.87 18.88 20.22 19.66
> 98.94 99.18 98.72 98.95
Table 10 Chemical composition of plaster of site (3)
Chemical Chemical composition (Wt. %) Average (x)
compound Sample (1) Sample (2) Sample (3)
SOs3 53.10 52.19 52.77 52.69
CaO 24.19 25.84 25.98 25.34
L.O.l. 21.74 20.12 21.40 21.09
> 99.03 98.15 100.15 99.11
Table 11 Comparing average gypsum and plaster chemical composition with pure gypsum
Chemical Pure Gypsum (wt. %) Pure Gypsum plaster (wt. %)
Compound gypsum | Site (1) | Site (2) | Site (3) | gypsum Site Site Site
(wt. %) plaster @) 2) (3)
(wt. %)
CaS0Oua 79.20 72.24 71.16 69.67 93.50 90.12 88.66 87.54
2H-0 20.95 26.57 27.95 29.33 6.50 9.05 10.14 | 10.98
Y 100.15 98.80 99.11 98.99 100.00 | 99.17 | 98.80 | 98.52

Figure 10 gives a comparison between the local investigated gypsum samples and the
standard pure one; while Figure 11 depicts the comparison between the studied gypsum
plaster samples and the pure gypsum plaster. Both of them display no much difference
which indicate that the local gypsum has good characterizations. It was recommended
by Singer [13] that pure gypsum should have about 93. 8% CaSO4 and 6.2% H>O while
the American Standard of Testing Materials (ASTM) — C-59 (1990) recommends 85%
minimum of dehydrated purity. Thus, sites 1, 2 and 3 are 90.12%, 88.66% and 87.54%
respectively have met the ASTM — C — 59 [14] requirements.
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Figure 10 A comparison between local gypsums and standard one
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Figure 11 A comparison between local gypsum plaster and the pure gypsum plaster

6.2 Setting Time

The plaster of Paris has a very short setting time which sometimes limits its usefulness,
in some conditions like in buildings; however, the short setting time is a useful property.
The optimum setting time is usually determined by the user's needs and convenience

which can also be controlled through the use of additives. Table 12 shows the setting
time of various mixes.

Table 12 Setting time of calcined plaster with different water ratios

SIN | Water ratio (ml)/dry Pouring time (sec) | Setting time (sec)
plaster ()
1 150/350 19.0 370
2 160/350 24.0 485
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3 170/350 29.0 498
4 180/350 34.0 530
5 190/350 38.0 565
6 200/350 41.0 610

The findings were obtained in Table 10 reveal that, as the quantity of water increased
so did the setting time. Although 200 ml of water was poured in 41.0 seconds, 3
seconds less than the pouring time of 190ml, a longer time of 610 seconds was
recorded as the setting time for the 200ml as against that of the 190 ml (565 seconds).
This shows that the setting time is dependent upon the water content rather than the
pouring time as illustrated in Figure 12,

700

600 —

500 —

400 —

300 — ® Pouring time (sec)

Time (second)

m Setting time (sec)
200 —

100 —

e EE SN AR | ER SR | &
150/350 160/350 170/350 180/350 190/350 200/350

Water (ml)/plaster(g) ratios

Figure 12 Relationship between water/plaster ratios and time

7 Conclusions

The varieties of gypsum minerals investigated in this study that based on the results of
the physical and chemical analyses, it can be concluded that studied local gypsum has
satisfied the requirement of good gypsum. The tests carried on the gypsum and plaster
produced revealed that the gypsum is suitable for the production of quality calcium
sulphate, hemihydrate (CaS04.1/2H20) which is termed Plaster Of Paris (P.O.P). The
ability to control the time of rehydration by addition of retarders or accelerators offers
the huge and diverse nature of industrial applications in medicine, art, ceramics, building
and construction among others. On the other hand, the mechanical testing of Plaster Of
Paris samples revealed an acceptable characterization for construction purposes
according to the recommended value of ASTM — C-59, (1990).
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Abstract

Phytoremediation of drilling waste contaminated soils was tested using a native
Bermuda grass species. A glasshouse experiment evaluated the ability of grass to
survive, degradation of petroleum hydrocarbons in contaminated soils. In this study,
Bermuda grass was planted in soil comprising different ratios of soil: waste to
examine the effect of petroleum hydrocarbons concentrations. Biomass measurements
including shoot biomass, grass height, leaf area, roots height and density were made,
in addition to testing for any TPHs contamination, and the role of microorganisms and
enzymes in the dissipation of petroleum hydrocarbons. This research suggested that
Bermuda grass is a useful species for phytoremediation of soils contaminated by
drilling waste. Bermuda grass also is shown to have the potential to remediate soils
contaminated by petroleum hydrocarbons when the contamination level below 7350
mg kg-1 TOC. The grass offers an environmentally-friendly, cost-effective waste
management option for some sites despite requiring a longer time. Results from this
study are helpful for further field phytoremediation studies.

Keywords: Phytoremediation, Bermuda grass, TPHs contamination Biomass.

1. Introduction

The process of drilling oil and gas wells for exploration and production generate
massive quantities of drilling waste contains cutting and spent drilling fluids. This
type of waste classified as ‘toxic waste’ cause environmental problems and
considered one of the main problems facing the oil and gas industry in Libya due to
the significant negative ecological impacts to the surrounding environment. Up to
now, in most of drilling operations in Libya, drilling waste temporarily stored in
earthen pits close to drilling operations before disposal to the land or buried in theses
pits. This waste management option provides a simple and low cost disposal method,
but its unsuitable solution for wastes that contain high concentrations of organic
materials and heavy metals and other harmful components that could migrate from
the pit to cause pollution of surrounding water bodies, soil and air (Biltayib .2006).
Engineering techniques used in treatment of soil contamination based on physical,
chemical and thermal processes are very expensive and not always effective.
Biological treatment techniques are perhaps the most suitable in Libya due to their
low-inputs and low- cost. Further work is required to specifically assess the
efficiency of these approaches for the remediation of drilling waste in the context of
the Libyan environment. The biological treatment solutions such as bioremediation
has become a valuable alternative to chemical and physical (traditional) methods.
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Bioremediation has low operation cost (costs 10-20% of other mechanical
treatments) (El-Dars et al. 2016), and can be used efficiently in removing of organic
and heavy metals from contaminated water and soils. Bioremediation treatment
techniques divided into two broad categories in-situ and ex-situ media. In-situ
treatment processes involve treatment of contaminated soils and water in the place of
generation, without removal to different site for treatments which reduce the cost of
treatment, where in Ex-situ treatment processes, the contaminated media transferred
to a treatment area (US EPA. (2018)), among the bioremediation techniques,
Phytoremediation has emerged as good choice to detoxify polluted sites (Soils, water
and sediments) in-situ. Phytoremediation is the use of vegetation to minimise the
contamination volume, mobility of contaminants, or toxicity of contaminants in soil,
groundwater, or other contaminated media (USEPA, 2000; Etim 2012). It is defined
as a biological technology use plants for in situ removal, degradation, or clean-up of
different types of pollution including metals, pesticides, explosives, and oi
contaminants in different contaminated media (soils, sludge, sediments, surface
water and groundwater), the used plants also help stabilise contaminates and reduce
its mobility from sites by wind, rain, and groundwater to other areas. The most
important factors affecting the successful phytoremediation are plant type and
addition of soil amendments and bulking agents (ElDars et al. 2016).
Phytoremediation is best implemented at sites with lower contamination by organic
materials or heavy metals and usually applied through one of these mechanisms:
Phytotransformation, Rhizosphere Bioremediation, Phytostabalisation,
Phytoextraction, Phytovolotalisation or Rhizofiltration.  Among the various
mechanisms involved in phytoremediation of contaminated soils, Rhizodegredation
is of major significance for the enhanced removal of hydrocarbons from soil (Lijuan
Cheng et al. 2019). The performance of Rhizodegredation mechanism enhanced by
root exudates such as enzymes and flavonoids, organic acids, sugars and amino acids
which play the major role to induce bacteria and fungi growth in rhizosphere soil and
consequently leading to degradation and mineralization of hydrocarbons pollutants
(Dadrasnia, and Ismail, (2015)). Several plants already identified and trailed to be
used in the rizoremidation of organic compounds and heavy metals (Anyasi and
Atagana. (2018)), among of them wild grass species such as Bermuda grass
(Cynodon dactylon) and Tall fescue (Festuca arundinacea Schreb) and stargrass
(Ponterderiaceae). The selection of Bermuda grass because it is grows well on a
variety of soil from heavy clay to deep sands, it tolerates both acid and alkaline soil
conductions and is highly tolerant to salt, drought, anoxia (flooding), cold and soil
compaction (Buble 2009). Moreover, it has extensive, fibrous, widely branched and
deep root systems which can provide significantly larger root surface area for
colonization by microorganism in its rhizophere (Turgeon 1980) are mainly
restricted by hydrophobic and toxicological nature of the contaminants, as well as the
synergy existing between plant roots and soil microorganisms (Wang et al. 2011).

In most of previous studies, the phytoremediation of hydrocarbons using Bermuda
grass was conducted in natural soil or synthetic soil, there is no available studies
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with petroleum hydrocarbons using Bermuda grass (Cynodon

conducted in drilling waste cutting or soils with calcareous nature which may affect
the growth of the grass and effect all of biodegradation process. According to the
principles of phytoremediation treatment of hydrocarbons through Rhizodegredation
mechanism, the main objective of this research is to test the tolerance levels of
Bermuda grass species to grow in drilling waste contain high concentration of
petroleum hydrocarbons and have a calcareous nature and the adoption of this species
to the desert climate in Libya, and providing a preliminary evaluation of the
effectiveness of Bermuda grass as potential phytoremediater species to clean up and/
or reduce the contamination in drilling waste .

2, Material and Methods

2.1 Site and Soil samples collection

Two different drilling waste samples and uncontaminated native soil sample for
experiment were collected during the drilling operations in Jalu area in Libyan
Desert. The physical properties, chemical composition and texture of soil samples
shown in table 1. All samples were dried in air for 2 weeks, sieved through 2 mm
mesh to eliminate coarse rock and plant material, and thoroughly mixed to ensure

uniformity.
Table 1. Physical properties, chemical composition and texture of soil samples
Test Unit WBMW OBMW N. Soil
pH | - | 8.4 | 8.8 8.7
EC | mslcm | 4.06 | 42 0.08
T.D.S | mg/Kg | 2035 | 1995 38
Moisture | Wt % | 12.4 | 55.2 3.79
LO.I | Wt % | 213 | 59.5 4.35
TPH | Wt % | 1.47 | 8.56 0.15
Cr | mg/Kg | 28.4 | 343 10.8
Mn | mg/Kg | 433 | 33.7 80.1
cu | mg/Kg | 9.3 | 345 16.4
Zn | mg/Kg | 50.9 | 748 193
As | mg/Kg | 2.0 ' 6.17 1.37
cd | mg/Kg | 0.44 ' 0.72 0.0
Ba | mg/Kg | 1066 | 3832 242
Pb | mg/Kg | 103 ' 61.0 7.07
Na | mg/Kg | 2089 | 2217 1328
Ca | mg/Kg | 280972 ' 253821 5978
Mg | mg/Kg | 2211 ' 19523 1843
K | mg/Kg | 1279 ' 11306 7218
cl | mg/Kg | 8400 ' 6590 112
NO3-N | mg/Kg | 0 | 0 0
PO4-P | mg/Kg | 0 | 0 0
S04-2-S | mg/Kg | 303 | 2152 120
Mean Particle Size | m | 314 | 193 124
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Specific Surface Area cm?/g 2043 3173 795
Soil Texture - Loamy Sand Loamy Sand Sand
Calcite CaCOs Calcite CaCOs
Minarology by XRD Quartz SiO; Quartz SiO; Quartz
Ankirite Bairite BaSO4
Ca(Fe*?,Mg)(COs).
WBMW= Water based mud waste OBMW= Oil Based mud waste N. Soil= Native Soil

» Bermuda Grass

Commercially Bermuda grass (Cynodon dactylon) was selected in these experiments
due to it is availability in Libya and the gained experience in adapting of this plant to
the harsh conditions, such as heat, extensive light, and drought.

2.2  Green House Experiments

Pot experiments were conducted during the summer period (June, July and August)
in order to grow the candidate grass for 2 months (60 days) in contaminated soil at
greenhouse condition similar as possible to Libyan Desert climate. The drilling waste

and native soil samples was supplied with a compound fertilizer (N : P20s : KO =

10: 8: 9) to compensate the shortage of essential nutrients (N & P) in drilling waste
and native soil samples and kept for equilibration for 1 week in air then sieved
through a 2 mm mesh sieve.

2.2.1 Pot experiment set-up

The experimental design contains three different treatments (Control, WBMW and OBMW).
In control treatment only native soil was used where in WBMW and OBMW treatments,
different TPH and HMs contamination levels was prepared by dilution of contaminants in
drilling waste samples using native soil. Table 2 illustrate the treatments and approximation
concentration of TOC in each treatment.

Table 2. Description of pot experiment design

o TOC Level APprox. T.OC
Code Treatment Dilution Factor concentration
Wt. %
mg/Kg
C Control (Native Soil) 1 - -

25W 25WBMW:75Native Soil 4 0.37 3675
50W 50WBMW:50Native Soil 2 0.74 7350
100W 100 WBMW 1 1.47 14700

250 250BMW:75Native Soil 4 2.14 21400

500 500BMW:50Native Soil 2 4,28 42800
1000 100 OBMW 1 8.56 85600

Each treatment was replicated 4 times, making at total of 28 pots. About 300 g of
soil samples (Control or contaminated soil) were added to a plastic pot with a radius
of 7.0 cm and a height of 15 cm. According to the results obtained from germination
tests of Bermuda grass in native soil, seeding of 50 g /m? selected, and similar seeds
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weight sow in each replicate. All pots arranged randomly and exposed to greenhouse
condition for 60 days at temperature controlled between 25 to 35 °C and humidity
between 40- 60%.

The watering for all pots were adjusted to 30% of water holding capacity of each
treatment (0.1 ml/g) to avoid leaching of hydrocarbons and heavy metals from soil.
In addition, a 10/1000 strength liquid fertilizer (N: P.Os: K:O = 10: 8: 9) was
applied weekly. After 60 days, the plants extracted carefully from each pot then
divided into roots and shoots by cutting the aboveground parts of the plants at the
soil surface. Both parts sealed in plastic envelopes Analysis :For measurement of
biomass, the root parts of grass were washed thoroughly with tap water then by
deionised water to remove soil particles, then placed in paper bags and dried in oven
at 45 °C for 72 hours, the average of roots length and dry weight was measured. The
physical analysis of the soil samples that was firmly attached to the roots conducted
using conventional methods. The chemical analysis was conducted using Gas
Chromatography equipped with flame ionisation detector ( GC-FID) type Agilent
model 7890 for measurement of total petroleum hydrocarbon (TPH) concentration.
The microbial activity in rhizosphere soil was evaluated using Biolog plate and the
microbial enzymes activity was evaluated by measuring the (DHA)

3. Results and dissection

Drilling waste samples analysis: The physical, chemical and texture analysis of the
drilling waste samples prior to grass planting as given in Table 1 shows that both
samples have sandy loam texture, classified as alkaline soil and considered as
calcareous soil have high content calcium carbonate. The concentration of calcium in
both drilling waste cuts ( WBMW & OBMW) very high 280972 and 253821 mg/kg
respectively which detrimental to turf grass, causing damage to grass leaves and
blades and affect growth of candidate grass. The analysis results indicate that both
drilling waste cuts classified as heavy petroleum-contaminated soils containing high
concentration of petroleum hydrocarbons, low levels of toxic heavy metals such as
copper, manganese and chromium, and very poor nutrients (Phosphors & Nitrogen)
which expected to have negative impact in grass growth.

Grass Growth and Biomass measurements

Bermuda grass showed a promising behaviour and high potential of adaptation to
soils contaminated by low levels of petroleum hydrocarbons ( after dulition of raw
WBMW&OBMW using native soil) as shown by the growth and biomass production
in control, 25W and 50W treatment during a period of 60 days in greenhouse
condition. There are no visible adverse symptoms such as wilting, lodging or
defoliation observed before harvest during the study period. The response of
Bermuda grass to TPH and HMs contamination level was ranging from reasonable
growth in control and 25W treatment to moderate effect in 50W treatment. The grass
growth in treatments 100W, 250, 500 and 1000 were severely stunted, thus this
treatment will not be considered in the further discussion in plant development or
phytoremediation of petroleum hydrocarbons. The results showed that no grass
growth in all treatments contains more than 7350 mg/kg TPH which may attribute to
the high levels of petroleum hydrocarbons and the oily nature of this treatments.
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Figure 1. Reduction in plant parts length in different amended WBMW treatments

As shown in figure 1, Bermuda grass exhibited good growth rates in native soil
(control

0.0 % wt. %. Approx. 0 mg/Kg TOC) and in WBMW diluted treatments, 25W (0.37
% wt. Approx. 3675 mg/Kg TOC) and 50W (0.74 % wt. % 7350 mg/Kg TOC). The
rate and extent of grass growth in control and 25W was almost the same where it is
reduced by approx. 16 % in 50W treatment. The plant height decreased significantly
with increasing in the contamination level (p <0.001). No difference in average grass
length between control and 25W, in both treatment was almost similar ( approx. 29
cm) after 60 days. However, plant Lenght reduced by approx. 16% with increasing of
the contamination level in treatment 50W and by approx. 86 % in treatment 100W
when compared with the control as shown in figure 2.
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Figure 2. Plant height of Bermuda grass in different WBMW treatment

The results showed that roots density and length different qualitatively and quantatively
between the treatments. The roots length in successful treatments decreased significantly
(P=0.001) as the contamination level by HMs and TPH increased. The root of plant in
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control and 25W treatment were distinctly larger and more fibrous than the root system in
50W treatment. The root length reached the highest level in treatment 25W, and then
declined. Besides, no significant (p > 0.1) decrease was found in root length and root weight
between control and 25W treatments as shown in table 3 and figure 1 .

Table 3. The changes in plant parts length under different contamination levels

Treatment Control 25W 50W 100 W

Length of plant parts

Shoots (cm) 28.5 28.9 24.0 4.1
Reduction (%) +14 -16 -86

Roots (cm) 7.8 8.0 5.7 0.5
Reduction (%) +25 -22 -93

Biomass and leaf area Measurements

Based on the results illustrated in figure 3 of biomass measurements (Dry weight), it
was found that the total biomass yield per pot decreased significantly as the
contamination level increased. The biomass measurements of treatment 25W did not
reduced significantly when compared with the control, but contrary to the
expectations showed reasonable outgrowth (approx. + 40%) in dry shoot weight,
whereas that a significant (p < 0.001) reduction was observed in treatment 50W and
100W (-48 % and -97% ) respectively as shown in figure 4.

15

=
o

o
n
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o

Control 25 W 50 W 100 W

Figure 3. Total biomass (dry weight) of Bermuda grass in different WBMW treatment. .
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Figure 4. Leaf area of Bermuda grass in different WBMW treatment.

The obtained results support the finding of many researchers whom concluded the
destructive effect of high levels of petroleum hydrocarbons and heavy metals in grass
growth (Basumatary et al. 2012 ; Htwe et al. 2016). Overall, petroleum
hydrocarbons found to have an inhibiting plant growth and effect the general plant
health (especially root system), duo to the toxicity nature of these types of
compounds. This finding broadly supports the work of other studies in this area
linking the survival of different grass species in soils contaminated by petroleum
hydrocarbons. Different authors observed similar adverse effect on plant growth in
soils contaminated by hydrocarbon. (Razmjoo et al. , 2012; Saraeian et al. 2016) was
reported reduction in shoot and roots growth of Bermuda grass planted in soil contain
6 wt. % petroleum hydrocarbon contaminates. Bermuda grass shoot fresh and dry
weight decreased significantly with increasing in the level of contamination.

Effect of Soil texture and changes in soil properties .

During the watering procedure for the plants in the greenhouse experiments, it
noticed that the treatments 100W, 250, 500 and 1000 have very low water holding
capacity and showed low permeability and low infiltration for irrigation water and
looked as flooded soil. Contrary, the other treatments such as control, 25W and 50W
exhibited good water holding capacity and reasonable grass growth. Also, it noticed
that the treatments which amended by addition of native soil for the purpose of
dilution of contamination level gave better grass growth comparing with the un-
amended treatments which may attributed to different reasons as mentioned in
literature:

i) Native soil played the role of bulking agent and increased the soil porosity
and the aeration in 25W and 50W treatment, thus, increased the oxygen diffusion and
the microbial activity needed for grass growth (El-Dars et al. 2016)

i) The hydrophobic nature of treatments 250, 500 100W and 1000 as a result
of high TPH content led to low permeability and low infiltration of water in these
treatments causing artificial drought in the subsurface layer of soil in those treatment
which affected negatively on grass growth (Edama et al. 2011).
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iii) The higher clay content in the unsuccessful treatments leads to binding of the
soil particles by the effect of irrigation water which governing water, air,
bioavailability of nutrients and temperature in soil, which in turn, govern plant
growth.

The changes in pH value of soil After 60 day greenhouse experiment illustrated in
table 4. The obtained results shows that pH value of the control, 25W and 50W
treatments exhibited good grass growth was in the range of 7.3, which is close to
the optimum pH value recommended by Pawar, R. (2015) to enhance the
bioavailability of essential nutrient needed for grass growth (pH 6.0 -6.5), and very
close to the pH value needed for Phytoextraction of heavy metals as recommended
by Htwe et al. (2016).

Table 4. Changes of pH-value after planting of Bermuda grass in different treatments

Treatment control 25W 50W 100W 250 500 1000
Before Planting 8.7 8.4 8.4 8.4 8.4 8.8 8.8
After planting 7.2 7.3 7.3 10.8 11.1 11.3 11.6

In the unsuccessful treatment such as  100W, 250, 500 and 1000, it is apparent that
the high pH values result from the high calcium carbonate content in these treatments
which lead to less vigorous growth and nutrient deficiencies and inhibiting the
Bermuda grass growing in these treatments.

Effect of TPH on phytoremediation by Bermuda grass

The biomass measurements illustrated in Figures (1,2,3 and 4) in this research
showed that the shoot growth of Bermuda grass reduced scientifically (p-value
<0.001) as the petroleum contamination levels in the soil increased. The same effect
(p-value < 0.001) was recorded in roots density and leaf area as petroleum
contamination levels increased up to 0.74 wt.% TOC (approx. 7350 mg kg-1).

Despite the fact that hydrocarbon pollution depressed plant growth to some extent as
the petroleum hydrocarbon concentration increase, the results indicate that the
Bermuda grass can survive and tolerate petroleum hydrocarbons concentration below
(0.74 wt. % approx. 7350 mg kg-1 TOC), and it is can efficiently dissipate the
petroleum hydrocarbon from amended drilling waste, indicating that
phytoremediation, using this species is useful technique for remediation of soils
contaminated by drilling waste polluted with petroleum hydrocarbons in level < 0.74
wt.% TOC. Similar results were obtained by Yateem et al., (2000) using alfalfa and
perennial ryegrass as phytoremediater plant in soil contaminated by the presence of
1% TPHSs. The chemical analysis of the rhizosphere soil for treatments 25-W and 50-
W demonstrated 99.0 and 98.0 % reduction in TPH content respectively (table 6),
compared with 32% reduction in the nonplanted controls after the bioremediation
treatment for 60 days. The results indicate that the higher reduction in TPH content
was in the rhizosphere region (almost 67 % in both treatments). The reduction of
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TPH in unplanted control may be attributed to the evaporation by the action of
glasshouse temperature changes (25-35°C) during the glasshouse experiment period,
or to the microorganism activity in this samples.

Table 5: TPH concentration in leachate of planted soil contaminated by drilling waste
in treatments (25-W and 50-W) after glasshouse experiment for 60 days

TPH (mg kg?) in leachate of

TPH Fraction planted treatments

25-W 50-W
n-C10 0 0
n-C11 0.00 0.00
n-C12 0.00 0.00
n-C13 0.00 0.00
n-Cl14 0.00 0.00
n-C15 0.00 0.00
n-C16 0.00 0.00
n-C17 0.66 1.32
n-C18 0.00 0.00
n-C19 0.00 0.00
n-C20 0.43 0.87
n-C21 0.69 1.37
n-C22 0.00 0.00
n-C23 1.40 2.81
n-C24 0.06 0.11
n-C25 0.00 0.00
n-C26 0.00 0.00
n-C27 0.00 0.00
n-C28 0.00 0.00
n-C29 0.00 0.00
n-C30 0.00 0.00
n-C31 0.00 0.00
n-C32 0.00 0.00
n-C33 0.00 0.00
n-C34 0.00 0.00

Total TPH 3.4 6.48

COoONcC

The efficiency of Bermuda grass in removal of petroleum hydrocarbons from
amended drilling waste samples was expected when compared to previous studies
using Bermuda grass in remediation of petroleum hydrocarbons contaminated soil. In
accordance with the present results, Kaimi et al., (2007) obtain similar results, by
comparing the efficiency of Bermuda grass with another twelve-plant species in
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removal of TPH from soil contaminated by (1.5 wt.% TOC) and they found more
than 65 % reduction in TPH caused by the plant and almost 37% reduction was lose
by evaporation. The results also in line with Saraeian et al., (2016) who found that
Bermuda grass reduce the petroleum hydrocarbon content to approx. 40% from soil
contaminated by 2 % wt. TOC, and with Razmjoo et al., (2012) where degradation
was reported to be 41 % from soils contaminated by 6 % wt. TOC. This study also
confirmed these findings and furthermore showed that Bermuda grass tolerate
contamination by petroleum hydrocarbons levels below (0.74 wt. % TOC) and can
maintain its growth when faced different stress applied in this experiment such as
waste texture, calcareous nature of the waste, contamination by TPH and HMs and
Desert climate changes.

Effect of plants on soil microbiology

The obtained Biolog Plate results used as a qualitative marker to evaluate the diversity
and population of microorganisms able to survive in in drilling waste and metabolize
the petroleum hydrocarbons. Soil microbiology activity were investigated using
BIOLOG-GN2 plates in order to obtain an idea about the variation of microbial
diversity in the planted drilling waste samples. The obtained results also used to know
how this variation is influenced by the different environmental stresses such as the
high TPH concentration, the calcareous nature of drilling waste and the desert climate
changes. The results at the end glasshouse study showed that the bacterial enumeration
were higher by orders of magnitude in the amended drilling waste planted treatments.
The obtained data also confirmed that the growth of the Bermuda grass in amended
drilling waste significantly augmented the number of biodegradative bacteria in the
root zone for treatments 25W and 50W as well as the activity and diversity of the
microbial communities. The general trend was an increase of the proportion of
biodegrading bacteria in the microbial community during the treatment in the
rhizosphere soil in all planted soil samples. The obtained data corresponds with
findings made in similar studies that have assessed microbial counts in contaminated
soils (Mcintosh et al. 2015; Varjani and Upasani, 2017).

These experiments confirm that the addition of plants and soil amendments increases
bacterial counts compared to unplanted soils and also confirms that Bermuda grass
could tolerate the contamination levels in amended drilling waste, and that the
rhizosphere soil in planted samples contains survived organisms can tolerate the stress
such as TPH contamination, heat and the calcareous nature of drilling waste, and that
Bermuda grass will be effective in terms of bioremediation of petroleum
hydrocarbons through a rhizosphere effect.

Soil enzymes activity assays

In order to assure the correct sequence of biochemical reactions in the planted
treatments, the soil dehydrogenase enzymes activity DHA was measured after 60 days
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glasshouse experiment, and used as indicator of soil quality changes resulting from
phytoremediation management practices using Bermuda grass. The dehydrogenases
enzymes representing the most important enzymes in rhizosphere soil and belonging to
the ‘oxidoreductases’ class and being used as indicator in the soils microbial activity
during the phytoremediation of contaminated soils (Quilchano and Marafion, 2002)
(Salazar et al., 2011). The results in figure show the dramatically increase in DHA
activity in treatments 25W and 50W after cultivated by Bermuda grass for 60days and a
little change in the control samples.
35

# Befor Planting “ after Planting

30

NS 25 W 50 W

Figure 5. Activity levels of soil dehydrogenases enzymes in remediated soil

The obtained results showed enhancement of DHA values in planted treatments,
indicating that the metabolism of soil microbes was promoted, thus resulting in the
enhanced microbial which indicate that the general activities of microbes in planted
soil were enhanced (Teng et al. 2015; Alrumman et al. 2015). Treatment 50W
showed the highest increase in DHA value where treatment 25W and the control
shows similar DHA values. From the DHA activity data, the stimulation of
petroleum hydrocarbon degrading microbes expected in all successful treatments and
that the enzymatic dehydrogenation effect of plants on organic compounds was
greatly enhanced under low-level hydrocarbon contamination stress; thereby
expected to be effectively promoting and improving degradation of TPHs in
rhizosphere soil.

Conclusion

Throughout this study, several evidence was presented that Bermuda grass is an
important plant species that can be effectively applied as phytoremediater for clean-
up of heavy metals and petroleum hydrocarbon from drilling waste and can

efficiently survive and tolerate petroleum hydrocarbons concentration below (0.74
wt. % [1 7350 mg/Kg)
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+ Phytoremediation of petroleum hydrocarbons using Bermuda grass has proven to
be a feasible method for remediation of drilling waste contains heavy metals and
petroleum hydrocarbons less than 0.74 wt.% in the Libyan desert climate.

- It was concluded that the degradation of petroleum hydrocarbons was enhanced
through a rhizosphere effect by the effect microorganisms, which through its
diversity, density and activity degrade hydrocarbons and facilitate the mobility of
heavy metals in the polluted soil.

- The presence of high concentrations of petroleum hydrocarbons reduce the
biomass and relative growth rate as the concentration increase.

« Amendment of drilling waste by addition of native soil have larger particle size
increase the soil porosity, aeration, oxygen diffusion and water holding capacity
in contaminated soil, thus enhance the microbial activity which reflects positively
on the phytoremediation efficiency of candidate grass.
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ABSTRACT

The Tajura seawater reverse osmosis desalination plant commenced operation in
1984 with only 50% of its production capacity (10,000 m®/d). Feed water is supplied from
an open intake located at Tajura on the Mediterranean coast and treated prior to RO using
a conventional pre-treatment system. As time passed, numerous obstacles brought down
the plant’s production capacity to its lowest level. The operation problems with the
coagulation-flocculation pre-treatment system led to an increase in the silt density index
(SDlys) and fouling of the RO membrane. In addition, a non-continuous plant operation
increased differential pressure, salt passage, and decreased water production through the
membranes. This paper describes the problems encountered in the existing conventional
pre-treatment system and the conceptual Integrated Membrane System (IMS) design as a
part of the plant rehabilitation process of the Tajura RO plant in Libya. The proposed
design of the pre-treatment system for the Tajura RO plant utilizes Hydranautics IMS
technology. The IMS design is based on long experience from the operation of the two
separate RO pilots with different pre-treatment systems for a period of four months on the
Mediterranean coast at Tajura city. The previously published data from those pilot plants
confirmed the prior assumption that UF pre-treatment produced stable feed water quality,
measured by reduced turbidity and by the SDI15. The upgrading of the Tajura RO plant by
IMS was designed for full product capacity (10,000 m3/day). The plant will employ
dissolved air flotation pre-treatment followed by Hydranautics IMS membrane technology
consisting of four UF racks with Hydranautics HydraCap80, the overall UF plant is
designed for a continuous UF to permeate flow of 670 m3/h. The nominal flux rate is 72.1
L/m2/h with all UF blocks in operation and downstream two seawater RO trains with
SWC5 membranes working at 35% recovery.

Keywords: Conventional pre-treatment; Membrane pre-treatment; Desalination Reverse
Osmosis; Integrated Membrane System.
1 Introduction
Pre-treatment is critical in RO applications because it directly impacts the fouling of the
RO membranes. Fouling of the RO membranes results in increased operating costs from
increased cleaning demands, increased feed pressures, and reduced membrane life.
Additionally, fouling can result in reduced permeate water quality and permeate
quantity, thereby impacting production from the RO facility.
The conventional pre-treatment system was applied to seawater RO plant from its early
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days and continues to be used today. Recently, UF has been recognized as competitive
pre-treatment for RO systems [1,2]. A system designed with a UF as pre-treatment prior
to a RO system has been referred to as an Integrated Membrane System (IMS). However,
there are several of markets and regions where the use of IMS for brackish and seawater
applications is growing [3]. Figure 1 shows the cumulative capacity of seawater RO
plants with UF pre-treatment vs. time, which gives a clear indication of the overall fast
adoption speed of IMS pre-treatment technology.
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Figure 1 Cumulative capacity of SWRO plants with UF pre-treatment [3]

Examples of large seawater RO plants where the concepts of IMS have been
implemented Table 1. The better-known plants with membrane pre-treatment are
Addur, Bahrain Fukuoka, Japan, Kindasa, Saudi Arabia, and YuHan, China [4,5].
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Table 1: Summary Examples of large seawater plants with membrane pre-treatment are RO plants

Location Addu_r, Fukuoka, Kir)dasa, _ Yul—_lan,
Bahrain Japan Saudi Arabia China
Membrane filtration
capacity, m¥/day 140,000 96,000 90,0000 70,000
Operational Operational Operational Startup Startup
status since May 2000 | since May 2005 Mid 2006 Early 2006
Pressure- driven Pressure-driven
Membrane UF back UF back Pressure-driven Submersible
technology washable washable UF capillary UF capillary
Spiral wound Spiral wound
Pre-treatment Membrane Nitto Denko Nitto Denko Hydranautics Zenon
Module manufacturer

The Tajura Nuclear Research Center (TNRC) operates an RO system with conventional
pre-treatment at Tajura city in Libya on the Mediterranean shore. It was commissioned in
1984 with only 50% of its production capacity (10,000 m?/d). The plant used the two-
stage process of desalination in the period between 1984 and 1999. Since 1999 to date
the utilized membranes have directly converted seawater to potable water with a
conductivity of 500 micro Siemens. The second pass was kept to be utilized in cases
when high-purity water was needed. The process design of the plant was influenced by
long-term experiences of the deteriorating quality of seawater. This deterioration was
particularly experienced with high levels of suspended solids and silt density index. In
addition, problems with the facility’s pre-treatment system, coupled with some
operational difficulties have significantly reduced the plant’s performance. The existing
conventional pre-treatment system was considered unfit to deal with these seawater
conditions throughout the seasons [6]. Following the recent experience in large RO
plants and the continued cost reduction, on account of the technological improvements
and worldwide competition by several membrane manufacturers, UF is now seriously
considered for application in seawater systems [7,8].

Design hydranautics IMS technology has been employed, which incorporates
Hydranautics HydraCap60™ ultra filtration modules and Hydranautics high rejection
and energy saving SWC5 seawater RO membranes. The design is based on the
previously published data from the operation of two different types of pilot plants with a
period of four months, each pilot plant has different pre-treatment technologies for RO
systems. These included: conventional pre-treatment and UF were installed at Tajura city
in Libya on the Mediterranean Sea . The results from these pilots indicated that the UF
membrane pre-treatment provided superior water quality for the RO plant, measured by
reduce turbidity and SDlis. The results have shown that the UF membrane system was
able to consistently reduce SDIs values to less than 3 and had turbidity values to less
than 0.2 NTU, while over 70% of the conventional media filtration unit SDIs values
were over 3 and an average turbidity of 0.33 NTU [9].

The Tajura RO plant IMS designed for a production capacity of 10,000 m3/day. The
plant employ dissolved air flotation pre-treatment followed by Hydranautics IMS
membrane technology consisting of eight UF racks equipped with Hydranautics
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HYDRACcap80®elements and downstream two seawater RO trains with SWC5H
membranes working at 35% recovery.

This paper describes the problems encountered in the existing conventional pre-treatment
system and the conceptual proposed IMS design as a part of the plant rehabilitation
process of the Tajura RO plant in Libya.

Pre-treatment for SWRO Desalination

RO seawater systems operating on surface feed water, originating from an open intake
source, require an extensive pre-treatment process to control membrane fouling.
Therefore, the main factor for the successful operation of SWRO is maintaining a
constant high feed water quality. Two kinds of pre-treated seawater have fed the RO
membrane: pretreated seawater by the conventional system and pretreated by the UF
system.

2.1 Conventional Pre-treatment

Conventional RO pre-treatment has been widely applied in the past for seawater RO
plants to lower the SDIlis and to remove suspended solids and excessive turbidity.
Conventional pre-treatment includes coagulation, sedimentation, filtration using sand
and/or multimedia filters, lime softening and activated-carbon adsorption, and cartridge
filter. Whilst conventional pre-treatment technology can be effective, it needs to be
carefully designed, and diligently operated. Up-sets, due to feeding variability or
contamination, will be transferred to the RO. Most examples of RO system failure are
down to pre-treatment failings, either in design or operation. Several major
disadvantages of conventional pre-treatment treating surface seawater contribute to
higher rates of RO membrane fouling and shorter RO membrane life expectancy
including:

o Significant fluctuations in the quality of RO feed are caused by changing raw
water conditions.

o Difficult to achieve a constant SDIis < 3.0 , especially during high turbidity feed
water conditions.

e  The low removal efficiency of particles smaller than 10-15 microns.

e Possibility of breakthrough during filter backwash.

e Carryover of high concentrations of colloidal particles immediately following the
backwash filter.

e Coagulant impact on RO membranes.

In addition to the above, slow filtration velocities also result in large land footprint
requirements for a conventional pre-treatment system [10-12].

2.2 Advantages of membrane pre-treatment

As mentioned before, membrane processes are gaining importance for water applications
as a result of the advances in membrane technology and increasing requirements on
water quality. Pilots data are just recently available, documenting the benefits of
membrane filtration to RO applications. For seawater applications, papers include[10-
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12]; the benefits as described in these papers for membrane filtration as pre-treatment for
RO are described below:

e Improved pretreated water quality, in terms of lower suspended solids and less
biological content, resulting in improved RO operation
e Fewer RO membrane cleanings with resulting cost savings in cleaning chemicals

e Lower RO pressure drops from fouling, resulting in lower energy costs

e Longer RO membrane life associated with long-term improved pretreated water

quality

e Increased flux rates in the RO system due to higher quality pre-treatment, resulting
in a reduction in the size of the RO system with subsequent reduction in capital cost.

e Smaller plant footprint size (typically~ 30-60% of conventional ) resulting in
reduced capital investment
e Lower overall chemical and sludge handling costs if conventional technologies
include coagulation, clarifiers, filtration, or other chemically intensive conventional pre-

treatments

e  Lower operator requirements due to complete automation

e  Greater plant availability due to decreased downtime related to chemical cleanings

e  Reduced environmental impact due to reduced chemical disposal requirements

e  Membrane Integrity Testing provides a means to verify the removal of Giardia and
Cryptosporidium-sized particles that are not available with granular media filtration.

2.3

Conventional vs. membrane pre-treatment

The comparison of conventional media filtration and low-pressure membrane (MF/UF)
SWRO pre-treatment is presented in Table 2.

Table 2:

Comparison of conventional and MF/UF pre-treatment [10-12]

Parameters

Conventional pre-treatment

MF/UF pre-treatment

Track record

Established

Rapidly developing

Feed water quality and removal

Lower removals possible

Better removals of organics,

efficiency DBP’s fine colloids, silt, and pathogens
Treated Water SDI5 <4, 90% of the time <2.5, 100% of the time, usually <1.5
Turbidity <1.0 NTU <0.1 NTU

Variable feed quality Susceptible Less sensitive

Post-treatment

Cartridge filters used

Optional ~ not usual

Filter replacement

Mean life ~20 years

Membrane life ~ 6 years

Energy usage

Less than MF/UF as it could be gravity
flow

More energy for membrane TMP
and backwash

Capital Costs

Cost competitive with MF/UF

Slightly ~ higher than conventional pre-
treatment. Costs continue to decline as
developments are made

RO capital cost

Higher than MF/UF since RO operates at a
lower flux

Higher flux is logically possible resulting in
lower capital cost

RO operating costs

Higher costs as the fouling potential of RO
feed water is high resulting in higher
operating  pressure. One experiences
frequent cleaning of RO membranes

Lower RO operating costs are expected due
to less fouling potential and longer
membrane life
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High due to coagulant and process
chemicals needed for optimization

Chemical use is low, dependent on raw water

Chemical costs :
quality

Significantly smaller footprint - Typically~

Footprint 30-60% (of conventional )

Larger, particularly if two-stage required

3 Brief Description of Tajura Seawater RO Plant

Tajura reverse osmosis desalination plant was designed to produce 10,000 m*/d based on
the Mediterranean seawater feed and was commissioned in 1984 with only 50% of its
production capacity. Raw Water quality data for the Tajura seawater RO facility are
shown in Table 3.

Table 3: Raw water characteristics for the Mediterranean sea at Tajura coast [13]

Component Seawater Composition
Calcium Ca** 455 mg/L
Magnesium Mg** 1427 mg/L
Sodium Na** 11600 mg/L
Potassium K* 419 mg/L
Silica Si*! 2 mg/L
Chloride CI? 20987 mg/L
Biocarbonae HCO?® 163 mg/L
Sulphate SO* 2915 mg/L
Nitrate NO* 0 mg/L
TDS 38,000 mg/L
Conductivity 55 uS/cm
PH 8.3 standard units
Temperature 15-35 C°
Total Fe 0.55 mg/L

3.1 The process

Seawater is drawn through a 1.3 km long pipeline into a seawater basin with a capacity
of 1920 m3. The seawater is then pumped to mechanically filtered and then pumped into
the pre-treatment section. Figure 2 illustrates the schematic process flow diagram of the
Tajura plant. The pre-treatment consists of online coagulation-flocculation, 8- dual
media filters (DMF), and 5-micron cartridge filters. The chemicals that can be injected
into the seawater are copper sulfate solution (CuSO*) for disinfection, sulfuric acid to
reduce the pH, Ferric chloride sulfate solution (FeCISO*) for destabilization, and
agglomeration of the colloidal particles and a coagulant aid. The coagulated flocks are
filtered off in the dual media filter (DMF) beds followed by filtration through 5-micron
cartridge filters and de-chlorination by sodium bisulfate solution injection complete the
pre-treatment of feed water. From the pre-treatment section, water is fed to the RO
section. The RO system consists of two stages. The first RO stage consists of four
parallel RO racks with 99 pressure vessels each. The system can be operated with either
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two racks 50% or four racks 100% of the total capacity with 30% recovery of product
water. The product water of the first stage is collected in the buffer tank. Water from the
buffer tanks is fed to two racks of the second stage using of two high-pressure pumps
(for 50% operation one rack is operated). 85% of the first stage desalted water is
recovered by the second stage. The product water is partially de-carbonated and post-
treated with chlorine; stored in storage tanks. The major design parameters of RO
membrane systems are presented in Table 4. The plant used the two-stage process of
desalination in the period between 1984 and 1999. From 1999 up to date the membranes
utilized were directly converting seawater to potable water with conductivity in the range
of 500-micro. The second pass was kept to be utilized in cases when high-purity water

was needed.

Seawalter
basin

Table 4: SWRO Plant main design parameter

Sodium hydrogen sulphide

Parameters Value
Product TDS <500 mg/l
Recovery rate 30%
Feedwater TDS 38,000 mg/I
Feed temperature 15-35°C
Membrane type TFC spiral wound membrane
Cartridge
Feed filters L
pumps i &
Dual media Iéiﬂ_:“

Prererd

filters

Copper sulphate

Sulphuric acid

——

Ferric chloride sulphate

First stage RO
membranes

Polyelectrolyte

Product water
storage tank

Figure 2 illustrates the schematic process flow diagram of the Tajura RO plant [13].

Ao e

Calcium
hypochlorite lime

-
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Sulphuric acid
Antiscalants

Second stage
RO membrane

A J

Y

Sl

HPP &
ERTs

Y

Buffer
tank

A

4 G

Total number of racks | 4 racks
Number of RO stages Two stages
Commissioning data 1984

plant capacity 10,000 m%/h
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3.2 Operational experience with a conventional pre-treatment system at the
Tajura plant

As it has been mentioned earlier that the Tajura plant is producing drinking water at a
rate of less than 50% of its design capacity. Problems with the facility’s pre-treatment
system, coupled with some operational difficulties have significantly reduced the plant’s
performance [6].

3.21 Coagulation-flocculation unit

The coagulation-flocculation unit is out of operation, the tanks are corroded and leakage
is noticed as in Figure 3. The mixers in the tanks are heavily corroded and destroyed, the
condition of this unit is terrible and it can’t be repaired. The nonexistence of this unit
prevents the plant from working when the SDI1s of seawater is high.

Figure 3. Coagulation-flocculation tanks [6]
3.2.2 Multi-Media Filters

There are eight media filters, each having six automatically operated valves. Despite all
the media filter vessels being in good condition but the problems with their valves have
been experienced, Some of the valves failed shortly after the start-up under an actual
pressure above the design value. These valves contribute largely to the complexity of the
plant and increase the need for maintenance and repairs. Also, there is no yearly makeup
for anthracite in the media filters. It is speculated that the quantity decreased due to the
loss during the backwash process.

323 Silt Density Index (SDl1s)

As a result, the existing pre-treatment system of the Tajura RO plant could not achievel
an SDI;s value of less than 4.0 most of the time as shown in Figure 4, this was not meet
with the SDIs recommended by the manufacturer for the RO membrane which (< 4), this
prevents keeping the plant in continuous operation. Non-continuous plant operation
increased differential pressure, salt-passage and decreased the plant performance.
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Figure 4. SDI levels were obtained in the period between 2003— 2008.
3.3 The UF system process conceptual design for the Tajura plant

Integrated Membrane System will be considered as an alternative option to conventional
pre-treatment system for the Tajura RO plant. The proposed design of the pre-treatment
system will utilize Hydranautics IMS technology. The IMS design is based on long
experience from the operation of the two separate RO pilots with different pre-treatment
units started in January 2013 for a period of four months on the Mediterranean coast at
Tajura city. The results from those pilot plants confirmed the prior assumption that
membrane pre-treatment will produce stable feed water quality, measured by reduced
turbidity and by the SDIis. The results have shown that the membrane filtration units
were able to consistently produced SDI1s values less than 3 and turbidity values less than
0.2 NTU, while over 70 % of the conventional media unit SDI1s values were over 3 and
produced an average turbidity of 0.33 NTU [9]. The membrane modules that have been
selected for the pre-treatment unit of the Tajura RO plant are HYDRAcap80® UF
modules made by Hydranautics. Each UF block consists of 44 UF elements of single-
bore hollow fibre membranes with a bore size of 0.8 mm and a molecular weight cut-off
(MWCO) of 150,000 Dalton. The overall UF plant is designed for a continuous UF to
permeate flow of 670 m3/h. The nominal flux rate is 72.1 L/m?/h with all UF blocks in
operation. The UF system design parameters are presented in Table 5.

Table 5: The main design parameters of HYDRAcap80 UF membrane for the Tajura plant

Parameter Value
Number of racks 4
Total number of modules 176
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Nominal Membrane Area

670 f2 (62.2 m?)

Module type HYDRACAP 80

Material Hydrophilic Polyethersulfone
Fiber Dimensions ID 0.8 mm, OD1.4mm
Maximum Applied Pressure 73 psig (5 bar)

Maximum Operating Temperature 104 °F (40 °C)

Feed water PH Range 4-10

Feed water Chlorine Concentration 100 ppm

Volume to be treated

17473 m®/day

Volume to produce

16086 m®/day

Waste water volume

1387 m3/day

Recovery

92.1%

Average rack flux

72.1 LMH

& B HRANAUTICS

B N www.membranes.com

PROCESS OVERVIEW - HYDRAcap80

Project: Tajura
Prepared by: AL
Date: 20/11/2012

Net production
16086 m*d

Crossflow 0%

Waste tank
1237 m*d

«Neutralization tank

150 m¥d

44 HYDRAcap/rack

4 racks

Recovery 92.1%
Pipe diameter: DN250

CEB2 |

Chemical consumption
Caustic Sulfuric

BF pump

670 m¥h o
.

h 4

Backflush tank
1387
m*/d

682 m*h

50 96| %Concentration

7.60 5.44|L per CEB

2.56 0.00 3.11|L per day

Figure 6 UF Membrane Pre-treatment Process Flow Schematic..

4 CONCLUSIONS

Seawater reverse osmosis desalination is a rather complex process when associated with
fouling and scaling problems. It requires careful study to selected the proper pre-
treatment systems for control membrane fouling and successful long-term performance
of RO membrane. From the experiences it can be seen the RO plant at Tajura has an
enormous problems encountered in the existing conventional coagulation-flocculation
pre-treatment. UF membrane pre-treatment prove to be effective to provide superior
water quality, and were able to handle wide swings in incoming water quality. The
Integrated Membrane System had suggested as part of plant rehabilitation process of
Tajura RO plant. The membrane modules that have been selected for pre-treatment unit
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are HYDRACcap80® UF modules made by Hydranautics company. The overall UF plant
is designed for a continuous UF to permeate flow of 670 m3/h. The nominal flux rate is
72.1 L/m?/h with all UF blocks in operation and downstream two seawater RO trains
with SWC5 membranes working at 35% recovery.
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Abstract

Separation processes play critical roles in industry, including the removal of
impurities from raw materials and the overall separation processes accounts for 40-
70% of both capital and operating costs in industry. The main objective of this study
was exploration of design and economic features of conventional distillation schemes
for separation of quaternary mixture (Propane, i-Butane, n-Butane, i- Pentane) with
high products separation of 95%, 90%, 90%, and 95%, respectively for the equimolar
feed composition. The studied distillation schemes are: the effect of middle
components purity (i-C4 and n- C4) is also on energy and capital investments,
conventional distillation scheme, The middle components purity was changed from
90% to85%and 80 %.The results of economic study show conventional Distillation
cases studied at different composition of middle components purity at (0.9, 0.85and
0.8) and we get highest saving on the case of 80% side stream composition with 19
%saving in energy and 17%saving in TAC, and the saving on case of 85% side stream
composition with 12% saving in energy and 11 % saving in TAC, compared with case
of 90%middle component purity.

Keywords: Separation processes, Conventional distillation column, Process
optimization, Quaternary mixture, Separation.

Introduction

There are many separation technologies such as distillation, extraction, adsorption,
crystallization, and membrane-based technologies. However, many considered the
distillation technique is a mature technology and represents 70% of all separation
systems [1]. In addition, distillation is the largest single energy consumer in the
chemical process industries but distillation does not consume energy but degrades the
heat input to the reboilers that is subsequently rejected in the condenser. The most
effective way to reduce the energy consumption of distillation is by effective heat
integration. Design and operation of the distillation are to be considered
simultaneously with its heat integration. For single distillation columns, it is
straightforward to identify appropriate heat integration opportunities. For complex
distillation systems, the most appropriate combination of distillation system design,
operation, and heat integration are far from straightforward. The whole separation
system together with its heat integration and utility system must be considered
simultaneously. The rapid increase of energy prices in the past decades has given
motivation to many efforts to conserve energy. To conserve energy, the ideas of
component purity and heat integration have received more attention.
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Introducing thermal couplings to eliminate intermediate reboilers and condensers to
save energy and capital cost, improving operability of thermally coupled columns,
enabling double and multi-effect distillation of thermally coupled configurations,
performing simultaneous heat and mass integration, and conducting any thermally
coupled distillation in n-product streams are very important issues in separation
processes. Many workers have studied distillation configurations for multi-component
distillation systems [2]. Thermal couplings configurations have been known for a
while, but it was not used until the 1980s particularly when configurations started to
receive more attention due to their potential for large heat duty savings and cost
effectiveness. Improving energy efficiency in refineries and Gas plant has been
studied extensively in the realm of production management due to the potential of
large energy savings and gas emission reduction. Sittig has reported energy saving for
petroleum refinery industry and suggested the use of intermediate reboilers in crude
towers can reduce the heat load on the furnace in order to increase the energy
efficiency of the system [3]. Similar work is conducted to study and concluded that
the installation of preflash units or prefractionator columns to existing crude oil
distillation installations could save energy and allow the furnace to reduce its utility
consumptions [3] In 1994, Dhole and Buckingham have published a methodology
based on pinch analysis for saving energy in distillation units [4]. Many approaches
have been applied to optimize CDUs with the consideration of economic efficiency
and environmental impact They are mainly divided into two categories. One is based
on the heat integration analysis to reduce energy consumption by retrofitting heat
exchanger networks [4] . They reported results showed an increase in heat recovery
of the heat exchanger network to reduce the utility consumption in the process
furnaces. Most of the work dealed with simple configuration(sequences of
conventional one-feed, two product columns).The main objective of the present study
was exploration of design and economic features of conventional distillation schemes
for separation of quaternary mixture of Propane, i-Butane, n-Butane, and i- Pentane
with high products separation of 95% propane and 95% of i-pentane. The present
work is based on studying and rigorous modeling (design and simulation) of some
conventional schemes for the separation of quaternary mixture of light
hydrocarbons(C3, i-C4, n-C4 and i-C5). Economic evaluation of the distillation
schemes is also studied.

Design of Distillation Systems

Different types of distillation systems are studied and compared to the conventional
direct scheme. The Conventional Direct Sequence given by Elaahi and Luyben [12] is
designed, simulated, and economically evaluated in term of energy saving and TAC.
In case of quaternary mixture separation, the designed distillation systems consisted
of three distillation columns and direct separation sequence is analyzed. Each column
has feed stream, top product (distillate), and bottom product, in addition to total
condenser and reboiler for each one. The studied distillation systems are selected from
different types of middle component purity (90%, 85%,% and 80%). The sequence is
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direct in which the lightest component is taken overhead in each column, the bottom
of the first column is fed to the second column, and the bottom of the second is fed to
the third column. Figure 1 shows the designed conventional direct distillation
sequence with total condensers. The conventional scheme is considered as the base
case scheme for all the investigated schemes to compare the percentage of savings in
both energy and total annual cost (TAC).

;% ) w2

™3

“owi (S
25.17kmol/h
——> s
26.1kmol/h 90% i-C4 23.8kmolh
¢ > 959 C3 90% n-C4
73.9 kmol/h
100 kmol'h —— 4 48.73 kmolh
Feed > 20 =
Cc3 025
i-C4 0.25
n-C4 0.25
iC5 025 Steam1
E = Steam3
@ « D '—*‘ Steam?2 -
‘ o e/__D 24.93kmol'h
\ ’ > 95% i.C5

Figure 1: Conventional direct distillation sequence with total condensers.

Cases Study

The separation of quaternary mixture consisted of Propane, i-Butane, n-Butane, and i-
Pentane by several distillation schemes for 95 mol% product purity for both of
Propane and i-Pentane in addition, of 90% for i-Butane and n-Butane. The feed
composition consisted of same mole percentage of the studied hydrocarbons (25%)
for case 1. The feed composition was saturated liquid hydrocarbons at 50 °C with
flow rate of 100 kmol/h. The feed and product specifications of the studied rigorous
schemes are given in Table 1.

Table 1: Feed and product specifications for the case study

Feed stream Product streams
Components

A B Cc D

fraction fraction fraction fraction fraction

Propane 0.25 0.95 0.09 0.00 0.00
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i-Butane 0.25 0.04 0.90 0.09 0.00

n-Butane 0.25 0.01 0.01 0.90 0.05

i-Pentane) 0.25 0.00 0.00 0.01 0.95
Total 1.00 1.00 1.00 1.00 1.00

For a certain number of trays, the reflux ratio is calculated by the HYSYS. The feed
location to each column is adjusted by changing the location up and down until the
lowest value of the reflux ratio is achieved at the specified product purities.

Estimation of trays Number, Reflux Ratios and Feed Location

1- Fenske equation: For multi component systems, an approximate value of the
minimum number of equilibrium stages (at total reflux) may be obtained from the
Fenske equation. In the Fenske equation, given below as Equation 1, relative volatility
is based on the light key relative to the heavy key[9].

In Xk Xk
Xhk Jo\ Xk Jg
In (aLK/HK )av
[1]

Where Nmin = minimum number of equilibrium stages

N . =

min

XLK

mole fraction of light key

s
~
1

mole fraction of heavy key
D = when used as subscript, denotes distillate product
B = when used as subscript, denotes bottom product

(O‘LK/HK ): average value of relative volatility of light key relative to heavy key
The average value of relative volatility is calculated from the mean value of relative
volatility at the top of the column (O‘LK/HK )D and at the bottom of the column
(O‘LK/HK )B : (O‘LK/HK )D is based on the dew point temperature of the overhead vapor

whereas (O’LK/HK )B is based on the bubble point temperature of the bottom liquid.

(aLK/HK )av = \/(aLK/HK )D (aLK/HK )B [2]

Since the distributions of the non-key components in the distillate and bottoms are not
known, determinations of the dew and bubble points are partially trial and error.
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2- Minimum reflux by Underwood method: For multi-component mixtures, the
Underwood method may be used for estimating minimum reflux ratio. Underwood
proposed Equations (3) and (4) for calculation of minimum reflux ratio[9]:

n (24

> ~=1—q

e =0 )
Where n = number of components

% = average relative volatility based on component i relative to heavy key
X . -
fi = mole fraction of component i in feed
g =number of moles of saturated liquid produced on the feed tray per mole of
feed

0 = unknown parameter to be determined by trial and error
The correct value of € will be between relative volatility of the two key components.

After the value of € is determined, Equation (4)
may be used to determine minimum reflux ratio.

-~ X Xp

|?min +1:Z

i-1 — 0 [4]

R

Where "*min = minimum reflux ratio ,

X . o
Di = mole fraction of component i in distillate (D)

3- Number of equilibrium stages by Gilliland correlation: Once minimum stages
and reflux ratio are known, the number of equilibrium stages may be determined as a
function of selected values of operating reflux ratio. Several methods have been
proposed including the correlation of Gilliland to determine the number of
equilibrium stages as a function of reflux ratio.
f N=Nuin versus, but

N +1

latter was transformed by (Eduljee, 1975) into Equation [9]

N=Npy, —g7s [1{&}} 5)

The Gilliland correlation was first developed as a plot o

N +1 R+1

Where N = number of equilibrium stages , N ..,, = minimum number of equilibrium

stages
R =operating reflux ratio , R ,,= minimum reflux ratio

Results of the Shortcut Analysis
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For a given feed and product specifications (Table 2) and after material balance
around the studied sequence, the unknown composition of each component is
determined, and then the light and heavy keys can be specified. After that, the
minimum number of trays (Fenske equation), minimum reflux ratios (Underwood
equation), and the feed stage locations (Kirkbride equation) are estimated. The results
of shortcut method for case 1 are summarized and given in Table 2 .

Table 2: Shortcut method results of case 1

Parameter Column 1 Column 2 Column 3
N in 10 22 8
Rinin 3.72 6.31 2.25

R=11R., 4.09 6.941 2.475

N =2N., 20 44 16

M 10 22 8
P 10 22 8

Results of Rigorous Simulation Schemes
According to the TAC calculation in the present case study, the plant life operating
time was selected to be 10 years with 8000 operating hours per year.

Case 1: The results of Base case (Conventional direct distillation sequence with 90%
middle component purity) are given in Table 3. In this separation process, It notice a
relative volatility (cav) of the columns aav3 > aavl > aav2. This means that the trays
of column 2 to separate the products (B,C, and D) need more than other columns and
also the column 2 consume high energy compared to the other columns. The column
2 consumed high energy and increase the highest cost in both, capital and operating
cost with respect to the other two columns.

Table 3: The base case

Column 1 Column 2 Column 3
Column pressure (kpa) 1455 652.4 456.9
Column diameter (m) 0.84 0.884 0.5455
Aave 1.781915 1.292199 2.088117
Reflux ratio 6.69 8.3 2.52
Condenser duty (KJ/hr) 3.79E+06 4.40E+06 1.68E+06
Reboiler duty (KJ/hr) 2.53E+06 3.91E+06 1.58E+06
Theoretical number of stages 20 40 14
Overall column efficiency 82 76 70
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Actual number of stages
Annual capital cost ($/yr)
Total annual capital cost

($/yr)
Cooling water cost ($/yr)

steam cost ($/yr)
Operating cost ($/yr)
Total operating cost ($/yr)
TAC ($/yr)

TAC of the whole sequence

($lyn)
Total annual cost saving %

Total operating cost saving
%
Total QR (KJ/hr)
Total QR saving %
TAC saving %

The effect of middle components purity in quaternary

mixture separation using distillation system

26
2.98E+04

1.28E+04
1.73E+05
1.86E+05

2.16E+05

60
4.11E+04
8.79E+04

1.48E+04
2.68E+05
2.82E+05

5.82E+05
3.23E+05
6.70E+05

0
0

8.02E+06
0
0

24
1.70E+04

5.64E+03
1.08E+05
1.14E+05

1.31E+05

Case 2: From Table 5 shows the effects of middle component purity (MCP), i-C4 and
n-C4, of the composition of 0.85 for the previous scheme on energy consumption. ,
Distillation Sequence with 85% MCP where the reboiler duty of the second and third
column shows the reduction in energy consumption from 3.91E+06 kJ/h to
2.98+06kJ/h and from 1.58E+06 kJ/h to 1.51E+6 kJ/h, respectively. These effects are
translated into energy saving of 12.4 % and TAC saving of 11.45 % as shown in
Table 4.

Table 4: Middle component purity for Case 2 (0.85).

Column 1 Column 2 Column 3
Column pressure (kpa) 1455 654.9 456.9
Column diameter (m) 0.84 0.8 0.542
aave 1.960013 1.355843 2.385092
Reflux ratio 6.3 7.20 2.1
Condenser duty (KJ/hr) 3.80E+06 3.47E+06 1.61E+06
Reboiler duty (KJ/hr) 2.53E+06 2.98E+06 1.51E+06
Theoretical number of stages 20 40 14
Overall column efficiency 82 75 72
Actual number of stages 26 60 24
Annual capital cost ($/yr) 2.98E+04 3.62E+04 1.65E+04
Total annual capital cost 8.26E+04
(8/yr)
Cooling water cost ($/yr) 1.28E+04 1.17E+04 5.42E+03
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steam cost ($/yr) 1.73E+05 2.04E+05 1.03E+05
Operating cost ($/yr) 1.86E+05 2.16E+05 1.09E+05
Total operating cost ($/yr) 5.10E+05
TAC ($/yr) 2.16E+05 2.52E+05 1.25E+05
TAC of the whole sequence 5.93E+05
(3/yr)
Total annual cost saving % 6.056285485
Total operating cost saving 12.2753769
%
Total QR (KJ/hr) 7.02E+06
Total QR saving % 12.40803093
TAC saving % 11.45905826

Case 3: Case 3: From Table ( 5 ) below, we can notice the effects of middle

component purity ( 0.8 ) for the previous scheme, Distillation Sequence with
80%midle component purity), where the reboiler duty of the second column is
reduced from 3.91E+06 kJ/h to 2.45E+06 kJ/h. And 1.58E+06 to 1.48E+6 kJ/h For
third column with respect with base case. These effects are translated into energy
saving of 19.1 % and TAC saving of 17.74 % as shown next table

Table 5: Case 3, Middle component purity (80%)

Column 1 Column 2 Column 3
Column pressure (kpa) 1455 654.9 456.9
Column diameter (m) 0.85 0.74 0.55
aave 1.960026 1.2907 2.089
Reflux ratio 4.3 5.6 1.85
Condenser duty (KJ/hr) 3.81E+06 2.93E+06 1.59E+06
Reboiler duty (KJ/hr) 2.54E+06 2.45E+06 1.48E+06
Theoretical number of stages 20 40 14
Overall column efficiency 82 76 72
Actual number of stages 26 60 24
Annual capital cost ($/yr) 3.00E+04 3.22E+04 1.68E+04
Total annual capital cost 7.90E+04
(3/yr)
Cooling water cost ($/yr) 1.28E+04 9.88E+03 5.37E+03
steam cost ($/yr) 1.74E+05 1.67E+05 1.02E+05
Operating cost ($/yr) 1.87E+05 1.77E+05 1.08E+05
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Total operating cost ($/yr) 4.72E+05
TAC ($/yr) 2.17E+05 2.09E+05 1.25E+05
TAC of the whole sequence 5.51E+05
($/yr)

Total annual cost saving % 10.104524

Total operating cost saving 18.90037931
%

Total QR (KJ/hr) 6.49E+06
Total QR saving % 19.10462651
TAC saving % 17.74583435

Results of energy consumption TAC saving in addition to capital and operating cost
saving for all the studied cases are summarized in Tables 6 and 7. The energy saving
for the case 2 is reached to 12.4%while for case 3 erased to about 19.1% as shown in
table 7. For there more the TAC saving for case 2 and case 3 were 12.4% and
17.74%. there are signification differences in both energy and take saving between
case 2 and case 3. The saving in case 3 increased to 6.70% and 6.34% for energy and
TAC saving when respectively. The results proved the importance of using middle
component purity in distillation processes for high yield separation of hydrocarbons.

Table 6: TAC and total Qr saving percentage for all the studied schemes

Studied Scheme TAC saving Energy saving
(%) (%)
Case 1: Conventional direct distillation (base case) 0 0
0
Case 2: Conventional direct distillation sequence with 11.40 124

85% middle component purity

Case 3: Conventional direct distillation sequence with 17.74 19.104
80% middle component purity

The comparison of operating cost and capital cost for the studied cases are performed
and the results is presented in Table 7. the operating cost of case 2 drops to 12.27%for
case 3.where only drops for the capital cost of case 2 and 10.10% drops e for case 3.
The decrease in the capital cost of the direct distillation processes is considered to be
high ,which will affect the cost of products.
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Table 7: Capital and total operating cost saving percentage for all the studied cases

Studied Scheme Capital cost Operating cost
saving % saving %
Case 1: Direct distillation (base case) 0 0
Case 2: Direct distillation with85% middle component 6.05 12.27
purity)
Case 3: Direct distillation with 80% middle 10.10 18.90
component purity

Discussion

During this process, it was noticed that the largest increase in the cost of the second
column is due to the largest size because of its stages which reached to 44 stages,
while the other two columns reached the first 20 stages and the third 16 stages. It lead
to the second column was the most energy consumption and costly in capital. This is
due also to the separation of iC4 and nC4 more difficulty and knead due to the
convergence of their physical and chemical properties (close to zoetrope system) and
while this was not noticed in columns 1 and 3. The component C3 was separated from
the mixture in the first column and nC4 was separated from iC5 in the 3th column
resulted from the wide differences in their physical properties, particular boiling
points which is the main factor in the distillation processes. Likewise, it was noted
that the volume of coolers and boilers in the second column is larger than in the other
two columns, which increased the cost of construction and operation process in terms
of providing steam and pure water for the coolers.

Conclusions

The following points can be deduced from the present study
1. In distillation operations when separating a quaternary mixture, the purity of
intermediate vehicles plays a significant role in cost and energy saving.

2. In the design process, we observed that the second column is always more
expensive in energy and cost of capital because ISO-Butane and N-Butane .
These compounds are close to physical and chemical properties.

3. Distillation process is a continuous separation process It is very important to
reduce the cost of high quality products, otherwise the process will not be
economically viable.

4. By reducing of the energy consumed, it means a decrease in the waste gases as a
result of the combustion of light fuel or natural gas, which means environmental
protection.
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Appendixes

Appendix A: Sizing and costing of Equipments

The sizing of distillation columns and heat transfer equipment requires the
determination of flow rates, temperatures, pressures, and heat duties from the flow
sheet of mass and energy balance, and these quantities can then be used to determine
the capacities needed for the cost correlation .

Al; Sizing and Costing of distillation columns

1- The light and heavy key is determined, and then the relative volatility is calculated
using Equation

K
X K/ HK = KLK [Al.1]
HK

Where | « ; ux = Relative volatility of the light key relative to the heavy key
K.k = Equilibrium constant of the light key
Ky = Equilibrium constant of the heavy key

Where K|« , K« are taken from HYSY'S simulator results.

2- The average viscosity x,, between the top and bottom of the column is estimated.

3- For a given number of theoretical stages HYSYS simulator calculates column
diameter after converging for selected valve tray distillation column and for flooding
rate ranging from 70-80%.

4- In order to estimate the actual number of trays (Nactwal), Overall column efficiency
(Ep) is estimated from Doherty & Malone correlation (2001)5!:

E, =0.24+0.76 exp (—(u « )*®) [A1.2]

Then the actual number of trays N, can be estimated by dividing the
theoretical number of trays N in the column section by the efficiency, E,:

— N theoritical [A13]

actual
EO

N

5- The tray stack height is then calculated using Equation [3-4], assuming 0.6m
(24 in) tray spacing (Doherty, and Malone, 2001)!:

h=(N-1)0.6) [A1.4]

Where h =tray stack height in meters

6 - By adding three meters as disengagement space (1.2m for the top, and 1.8m for
the bottom of the column), the total height can be estimated:
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H =h+3.00 [A1.5]
Where H = the total height of the column in meters

Capital cost of distillation columns
The capital cost of the column consists of the installation cost of the column shell and
the installation cost of the tray stack.
For carbon steel construction distillation column with valve tray internals the updated
bare module cost (installation cost) for each of the column shell and tray stack can be
calculated by using the following cost equations that are updated with the Marshall &
Swift index. For comparison a single value of M&S=1490.2 is selected, (Chemical
Engineering magazine April, 2015)1,

Installed cost of column shell,

M &S
— * 2982 * d 1.066 % H 0.802
$ (—280 )*(2982) [AL6]

If the design pressure (P) is more than 345 kpa, a correction factor [1+1.45%107(-4)
(P345)] is applied.

Installed cost of the column trays,

M &S
$:(—28O )*(136.14)*d****h [AL.7]

Where ; d is the column diameter, H is the column height and h is tray stack height
The total column cost is the sum of the installed cost of column shell and the installed
cost of column trays.
Column cost = ( Installed cost of shell ) + (' Installed cost of trays ) [A8]

A2; Sizing and Costing heat transfer equipments
The heat transfer area , of the condensers, reboilers and heat exchangers are calculated
assuming the overall heat transfer coefficients, U, given in Table Al. and are
calculated according to the following equation:

Q
A=———
U-LMTD [A2.1]
where Q is the heat duty, and LMTD is the logarithmic mean temperature difference:
AT, — AT
LMTD=—2__—1%
n AT, [A2.2]

AT,

AT, is the temperature difference between the inlet streams, and AT: is the
temperature difference between the outlet streams of the heat transfer equipment.

Table Al: Overall heat transfer coefficients: (Peters & Timmerhaus 1988)°!
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Overall heat transfer coefficient, U,
Heat transfer
2ho
equipment [ki/m*hC]
Condenser 2800
Reboiler 3400
Heat exchanger 2100

Capital cost of heat transfer equipment

The cost of heat transfer equipment can be correlated as a function of surface area.
Assuming shell and tube, floating head, and carbon steel construction, can be
calculated by using the following cost equations that are updated with the Marshall &
Swift index.

Installed cost of the heat equipment, (ICH) ,

M &S
$= (—280 )*(1562) * AL [A2.3]

where: A = areamz2, 18.6 < A <464.5 and design pressure up to 1034.2 kpa.

Appendix B ;Estimation of operating costs
The operating cost includes the utility costs which is calculated per year as a function
of the operating hours.
The operating costs are assumed only steam and cooling water costs. So we take the
operating hours per year is set to be 8000 (hr).

The flow rate of cooling water, Mcw s calculated using the following equation
(Turton et.al, 1998):17]

Mcw

= B.1

C, AT [B.1]
Where the specific heat capacity of water, Cp, equals 4.181 J/K-g and AT is
temperature difference.

Cooling water cost = Mcw x cooling water price x operating hours x10°3 [B2]
The flow rate of steam, Msw , is calculated using the following Equation:

Mstm = % [B3]

Where A is the latent heat of steam, equal to 2070 kJ/kg for low-pressure steam and
2000 kJ/kg for medium-pressure steam, (Emtir, et.al 2004).[")

Steam cost = Msmu x LP-steam price x operating hours x10°3 [B4]
The utility prices used to calculate operating costs are given in Table 3.5:

Table B1: Utilities cost data(Emtir, et.al 2004)!]
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utility prices
Based on European prices
Utility Temperature (°C) Price ($/ton)
LP-steam 160 17.7
MP-steam 184 21.8
Cooling water 23-40 0.0272

Appendix C: Estimation of Total Annual Cost (TAC)
The capital and operating costs are annualized over a period referred to as the plant
lifetime, and assumed to be 10 years ( 8000 hrs / year ) and Operating costs were
assumed just only the utility cost (steam and cooling water).
Annual Capital Cost =Capital cost /Plant life [C1]
the TAC ( includes capital and utility costs) can be calculated according to the
following equation:

TAC = Annual operating cost + Annual capital cost
[C2]
The economic study provides the TAC as indicator that characterizes the different
distillation design alternatives.
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