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Usage of local Natural Cellulosic Fibers for removal of Crude Oil pollution
Muna B. Taher, Hameed,.k,.abbas Montaha N. Thwiny Othman M. Aoda,

Ali M.Mohammed,

Abstract

The aim of this research is to find a new way to process the fight against oil pollution in
bodies of water and the treatment of oil spills, using non-harmful substances, environmentally
friendly, locally available and inexpensive, a cellulose fiber of palm trees, the adsorbate
materials sprayed on the oil slick and hamper their movement and distribution is then
collected by oil skimmers or collected by minutes extensor networks and transported to where
it can be disposed of by burning in special furnaces or landfill. It has been getting
contaminated water from Dora district and crude oil from the strategic line. Then the
development of oil slick calculated weight and size on the water surface of calculated volume
and processed by cellulose fiber of the Iragi pruning after grinding of different sizes and
selection of optimal size particleboard (0.84 mm) 20 #and weight optimization of material
which is 3 grams and the contact time of adsorbent material with contaminated surface of
water is10 minutes. Through experiments obtained the best adsorption surface of
hydrocarbons. To conduct examination of hydrocarbon content (oil content) of the
contaminated water have been identified specification is ideal for the removal of contaminants
from water and oil by 99.966 %.

Key words:oil pollution, oil spills, cellulosefiber, oilskimmer
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Preparation of therapeutic formula for albendazole,vitamin E and
seleniume 5% suspension for treatment parasitic infection and increase
Immunity body in animal.

Abstract

albendazole, vitamin E and selenium 5% suspension from veterinary pharmaceuticals used in
the treatment of internal parasites in animals. They are a broad-spectrum and effective
anthelmintic agent in the control of tapeworm and intestinal worms, lung worms and hepatic
worms in (cattle, sheep, goats). Vitamin E and selenium Because of the large role it plays
after the infection of worms and the animal stress and immune weakness, so vitamin E
increases(cell mediated immunity) and (humoral immunity) of animals and is used to increase
fertilization in smale and large animals And white muscle disease in (cows, sheep and goats).
The number of primary pharmaceutical preparations has been prepared until the final and
stable structure has been reached. Effectiveness at room temperature ranged from (106-110%)
within the permissible limits. According to veterinary constitutions (90-110%), samples of the
preparation were sent to the Veterinary Department It was used on poultry and at a dose of (
2) ml per( 10) kg body weight and on cases of low immunity and had very good results.
According to the field assessment method, the stability of the drug was studied using different
temperatures (40,50, 60)C and humidity 65%. The results of albendazole were found to be
stable and effective for a period of time Its long compared with vitamin E its reduce of
activity at a temperature exceeds (40)Ce but within the permissible limits of the activity
between (90-110) C °.

16



Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

ISSN 2226-0722 m

Journal of Iraqi Industrial Research u
Oy ik

Yy, Al y oy
& Ty W "ﬂ

e, e,
a,
Vi

Anlod) iy ¢lasal) Ead Citatl (bl Ay clusa L)

Production of Polyethylene Granules for Sheathing Field and Drop Wires
¢ Bage pali daaa® ¢ BN ae daaa 0¥ ¢ gia al jan® o 8 Gua o o e A Gl
daaa e ¥ o udle gt Aadi® ¢ g she® o ggdle ath oF
il — Lpald [ daled) gf d5udi *
dad) — suadl / digluasSq il cile Lialt daled] LS5l *

urscoe@gmail.com

scpibasrah@yahoo.com
scpiplkhor@yahoo.com

-

Aadal)
llsy #1830 335 allal laall & VL) Gualil (Drop Wire) adsild) oDLllls olasall oDl z 1) iajal
Ol A0 8 caadl Gillexy (COpper rod) Guladll Glusmd Jysad (e B saase Uil Lpulas <DLl i
gl aally Aile A (Lly il o lam 355 o o Gl Gaki by pgllaall il 5 Al
5 Bla e tdgeall Cagylall Jeatl (Ledded) claiid) o3 Jie Ll (carbon black) (2 — 2.5) % A
Giad aae Alla 3 AaleSU el s Al (ulatra violet) Ll (358 1 el AalY Gyl e lgiles
ASlaS 8yl b el iadl 5 Llae 5ide e clicalsal) sy iyl ol dslhaall dul
Agall p2a alay €l &5 s (s (10 %) sl asul dniys dAlatic 3ol cdalaa elasud) asall 33l a4y
& O3V 2o A lghan ey cAygllaall Cilialsall A1S 1gd 3825 g Glua o Jpandl dime iy
Al o LasS)) (a e Tlal) A8y peall (¥l canslly Apmly) Alslaall ey (Y,0 = ¥) % 1 o adal

P ok LSy (sl 8 salall A5l dauall)

Yoo X ——— = Lall & oSl A
Lgiblial ahall draall ()5 + s ()5
X = Guall 4y ey
s asud %) e X X = diladl) daaal) s of Cua
) x X

Yoo X =Y,0
X X +Yo
X XV =( .,\XX+Y0) Y,0
17


mailto:scpibasrah@yahoo.com
mailto:scpip1khor@yahoo.com

Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

X Yo =X\ =1Y,0
X 4,yo =1y,0
lgiila) Ayall Aapall o axSeE) = X

Ldall 1aa (pep A8@EN (pld) Vo) lues 1) draal) e odle Al Ailaly sl ellad) JaiSy el
eyl ball e ezl o (Vo0 2 Y,0) % dglladl () snlSH A 3iaT
cOsOSI agul | e lasadl anall 3ale | ki) Jsr s — ¢ Lalidal) cilalsy)
©2017 Corporation of Research and Industrial Development. All rights reserved
daxial)
853 ld Jalead) s3as sl DU Jore 5 Al LN Jara 25ms dalall ol 4850 A 5 sial) AglSaY) ()
P OnsSaal il lgiay Aailel)l DY) £l e
cale (VLAY Y)Y Galdll Ve /s plasd) DL - )
ale (+,AxY) (DROP WIRE) kil ¢DLuy) —Y
Ol b DY) o8 aa3is lgaall 3 GslSI dgu) dagrs ¢ AL Ly ol Jg0 il g aadiis A
ol 5 oeladll ol jig bl DL e oo sl Z Y L g a3l pllal laall 8 LSl LA
¢ dpuall daallyy Ghall s (e sald) oda i . Apglladl ()5Sl A L Aiatially ZEUSY L)yl
Oe Bl dal g ¢ ol Jall dalall \gilatie ey Bpeadl [ AysbeSy sl cilelial dalall A58 dgagl i
e Al Clialsal) G (8 (al3) e dladly il il Cilatie e BalEWYL LSEN &l 38 ()lsa
ALl alasy dsbay i) cileliall Lalall 4580 (e Gajdy dalall ol 4S8 (pa (Bujd (yslad 288 . 3 Chal) 3oLl
DY)z 4 Lkl dl) Glialdl Gilhe e e Jpanlly 580 Al slagy olually gkl
- Gall bl 85) 9S00 ALl (5am s 5) S0l Al
(Y = Y,0)% = dyllaall (y5p)lSl) Ay
Canll 13a iimys VLl oD 2 Y dalall 3850 sl (lual) Gl 4Ll daladl dsasl) Llee Candl 138 3da
lealiy) el Ay glaS gl cileliall daladl 45,30 Tyia

) g3l
A AslaaSs il lelicall Aalal) A8, 8 o Gaiily Aalall ol 3558 8 Acacadial) 3y Sl als

ol Gty 8 ¢ Bl 8 Leald] (San 53p55mmal) elayadl 1) Iy ) Sl e il 5ale
Cadg szl Aphaiu) glaas Gliad) eDlul Gl Al ) clialgall e aguall s
P b LSz ) flee il
A Ly o Ve Sl ge laliy dgliay sil) cile liall dalall 3,00 8 dadia olagn Gia ciyid) |
Ao (i Al ) 8 Ll Ciann A Al e B Bl e ¢ RGN (i Lind R
R bl Vel il (e S ge Lealay IEC 538 sl Adealsall Conpans geiiall 8 (50l
: elagad) Lseall Cilialge
464 : clagd Ll g5~

18



Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

s agul e (V1 %) elasad) apall 585 -

(436 C) &5 oald) Jodl il —

(43S A,Y) = dapall e diliadll 2l ~

(463 C) g5 A3l bl ol cilyea =

(38 Y0) = e cilyal) 4pS —

(20D / N3) Wiy (MA-60) Jidl &Sl e (1) & sV el dlals creadid o

. (D~10) aslhayd dbcalsall cangey ale (+,AY X Y) sl cale 3 Aaledl 5l 4558 & Glasall <DLl Jass
phall dapn iy e ISy ciluall B Sl Qlllly ASW Gl Al Bhall Slags alati ey
—idale Ay op3lall e apail g LV

%0 =% aNd = CaAe = %AV A = Gl e ) cilags -

CTaYY =Y = vy = Y = AW ) e slall cilags -

SLED Jera 3 335asal)l ( NOKIA 60-24D) LS5 il 2Sle e ddalall (i pladiuly dypadll caael .
salal) by Opialeall US (3 (oS 1) sbass (Ll is09) ale (4, AXY) Galil) gy Aalall sl A5 8 il
b ol LS culS el il calSy laallly dasedl) e Jpeanll diuadll

Olaalll sms ae a)all el L dage agas L Wl

i) enll ALY 2 i by Baainal) Clialsall b4 LS 5 (2,0 2 Y,0) % (ys)lSl) A Lgls
Agnndill (55l A S A mpat e )ya (e )l Al G 3 Giga iy aglal) Jilall phaud
Coladl) 5 Jiall 8 A aliain) LS Lag € (LSill) Jiadl A0Sy (L)) o danll 4 Ske ceadi )
- bl (e il asaa Lealisl AV e saalsl) el 5 bl dsll Aaslss

Lanall Zgldl / QA8 dplacl) AW 1 il

Liaiall dgldl / Calanl) B8 dplacl) A5l £ LS5l

—: dgyida)l Gl sadll

Leadiinall 33gaY)

iaull 5 C= Capactance ajljxSll daully « R = Resistance 4l diogliall jasil (RCK) Slea i
NEJ|NON m\/ k = unbalance capacitance alalall

cgsbeat Ll [ TS AlUaials 2l 58 and Jlea —o

cgsbaat Ll [ jeuaidl 335 e (Melt flow index) jasd Slea —o

.gsbuas Lind) / (Carbon black) ¢sylSl) A gand Jlea —&

.gsbuat Laid) / (dumb —bell) zilaill jpaasslal -

cgsheat Ll /[ (attenution) pagll (asd Slea -

19



Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

Al cilbagadl) :(V ) o) Jgia

Badizall ddialgall & @A Aadl) Cagar daal) | uliall 3 panill g
gl Aaial gall Alaal) idial gall
iaalsldl PT&T
Gallaa | Gyl 2yl 48) gl ¥y YA €ae oS [ Ayl | Al <l dald)
il
L*)Eﬂi.d‘ QMJ&“‘ :(Y ) esJ Jea
algall Cangay dagl)
daia)gall & @l aadl)
C:\Lu]‘ i 3.4:\5 u.u\:\sj\ Basg ua;sj\ &54 (&}
BAdinall daialgall dadl) | KHZaa g
Ol
Gilae - ) \ Y,y DB/KM )
alaa B.S Y- y,01 Y Y,V Sl il Y
D/10 LOOP Olaall Y
Galdas Y- Y 1 Y,y
@3

o i) b Conall Qi ) g0% um Jumdl (3585 e anll e gl Abedl) el b LIS ¢ Alaadla

AL
L’M\ QLAAJM’S\ :(V ) ?BJ d\gd@
fialgal) i il Ciages ) | 3as
il e o A il il | 8 7 pandll ol |
BAizall 2\&4\}4&\ :\M\}d\ u.u\:\sj\
330 (yara e (and
~’O 10 - v a]g“ “.j
Gilke | IEC 538 g lad CYY Je= T
id | MELT FLOW
INDEX

20




Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

hssilgual) clagadl 1( ¢ ) oy dgaa

Sl | Rl | e Al
:\A;xﬂ‘ 3z all Mm\}ad\ ‘53 u.uL\S.“ ’5.);} ua;&“ ('n.u‘\
daialgal) Aladl) daialgal)
R Gaiatl) J8 251 568
(aallaa IEC 538 Al VY Yolo [ (fign
\EK Jad Al
(aallaa IEC 538 Ten e %
JPARIERERS (o)
CGogiaril) ey A3 348
Vo
Galdas IEC 538 ° Yo Yola/ st | (2 £ %5 Vo)
) aas
i acle YE a4
Gadiatl) ey AlUSY)
°a 100) as)x
Galdae IEC 538 1o q0. o %
Vo osad (2 £
dels Y x Ll

YRR

G0 0sSi ) Il Apalall Clialsall Cojlie 1) ) Jeas caad ) Gl 13 clat il A e -
(40 % Y,0)% G5l Annsing WESH fdaly B Vo (Ao B2le + elagas Ripm + A8lLE Gl g0 s
o hd Glaallly dagaill Al mdaud) claey ga duadl salall dee o) 5 AalyinY)

o ALl 580 NS Gy g 151 3] bl L) B JME Gy ¢ i) Aglaal) libal) iy layy Y
Sy ppball @layy iy il (ilSe aladiulyy Guilailly HlealV) 4o Cua e Gluad) 238 ae Jaladl)
Oe bpdite @l e B g ¢ gl e (B Guilady Glaals Bas Bagai (63 Dl mhan o Jpeanll 2y
Balall b (slS Aas (3t Rualiy gl s S cladiy Al gibilly cilibly ALY cilaasadll P&
- gl 4l (UV) daiid) (358 4] palaial linald e il 3a30a])

: alandy) (gsaal)

Gl s YYTY s = gl f N Yoo = Gubadl ol Slas e 0h ) es

Oh [ o V1o Y = sl (el Arsa + Aauaall sald) + A3 Gl g e Gl ) e )

o8 5Ll o3 alasind 35S lie¥) sy 381 L 13y oy 13y e/ SWn AG v e = el (3 (6 el

ekl e Al Lo iy ALY e anldl Gl o) We . Adaad elial) aads Gind) o 5 daaliy) Al
:Q.SJf\AS}

(s @) (ale A XY) Gl G (oS YY) gy AR e gl Y =
c Ol Gl (ale HeAYXY) Gl e (oS 153) i ALl e gl ) = @

21




Journal of Iraqgi Industrial Research Vol. 4, No.2 (2017).

clabinay)
a5 ddalsal) 8 sadinall aiill (e el cilajay dgdedl) ad@ll Cipels (£070Y0)) ad) lasmill Jolaa DA
il Baga e e Jl pitlly dsalsall & (Gl Jis B s

Gila gil)

i) aibad) 4l A alall g il 8 ale OS5 38500 oda auly ISy LaliY) cilleally salall aladiin)
calally

J.\L«AAS‘
B. S D/10 ulla,dl dacalsal ¢ PT& T Cailelly 3lls apyll dbcalge ¢ [EC538 Gudllall dialsall —)

aaall Al 4S50 AplalY) Aall ddyedl) Y
KNOW-HOW DECUMENTION
ESTEL HOCSCH
PART TESTING (HOCSCH 206)
HOCSCH COMPANY 1977

NAAT spadl daala o) I e (eSS )9Sl ( hadsd) sliasSs Laglgis ) -7
Production of Polyethylene Granules for Sheathing Field and Drop Wires

Abstract

For the purpose of producing drop wire and field wires to secure communication in the field
to the ministry of defence requires the copper wire with specific diameters and accuracy
required by copper rod withdrawals produced in UR general company. At the same time
,polyetheline low density granules should be available and colored black in the rate (2 -2.5) %
and these products should be insulated (sheathing) to bear the weather conditions for heat and
it is protucted from exposure to ultra violet rays which cause cracking of the envelopes in case
of non_achieved the required percentage and these granules and these specification are not
available locally and the local availability is transparent polyetheline granules, and there is a
local black dye, a separate substance and a percentage of carbon black (10 %) hence came the
thought to mixing these materials with suitable pefcentages to obtain black granules in which
all the required specifications are met. Including the percentage of carbon black in the mixture
had been checked.

Keywords : - Polyatheline granules | Local black dye | Carbon black .
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Reduction of Oil &Grease and organic content in waste water by
coagulants

Abstract:

Coagulation and Flocculation process was applied in this study by using three
different coagulants ( Alum , FeSO4 and Fe CI) for reducing the organic content as
chemical oxygen demand COD and Oil & grease O&G in industrial waste water
which was obtained from the state company of vegetation oil industry / soap factory
in order to reduce pollutant concentration to match with standards values ( 100 and
10 ) ppm for COD and O&G. Jar test experiment were carried out to determine the
best value of coagulants dosage and pH which were ( 1.25 g and 8) respectively. The
results show the maximum removal of COD ( 92% ,94%) and O&G (98% ,94%) by
Alum and FeCI3 respectively. For pilot plant was arranged to ( liter) of industrial
waste water at best conditions which were obtained by batch tests ( coagulant type ,
pH, and Coagulant dosage )where the COD and O&G removal were ( 91.6% and
87.8%) by Alum while (( 92.7% and 92.3) by ferrous chloride .

Key Word: Oily waste water, coagulation, aluminum sulfate, ferrous sulfate, ferric
chloride.
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Treatment of Different Types of Silicon Wafers Surface Using d.c. Glow Discharge
Plasma at certain operational condition

Abstract

The recent work was carried- out using a home- built lab.scale d.c. cathodic golw discharge plasma
system.
The altimate objective of this research was to etch different (Nand p) silicon type surfaces using
plasma etching, which is used wiedly in microelectronic integrated circuit.

To achieve the plasma processes properly a firstly the plasma reactor was abbey to
decontamination by generating N, glow discharge plasma to pump- out the absorbed and desorbed
chamber particles. Secondly, N, and Ar glow discharge plasma were generated to obtain (J-V)
characteristic curves. Finally the plasma etching of N and P types of silicon wafers surface were done
using Ar gas glow discharge plasma to obtained trench geometry identical with mask trench geometry.
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Abstract

The studies on carbon fiber/epoxy composites have been increased in order to enhance
lightweight and bearing high pressure for pressures vessels. In this research, two type of
fiber were chosen carbon fiber and glass fiber with epoxy region to fabricate a pressure
vessel using technique of hand layup, the fabrication involves fabricate circular tubes of
one height and different thickness (2L, 4L, 6L). The test was done on the pipes by
controlling pressure between the jaws, until getting the point of failure. Microsoft Office
Excel was employed to compare between results of specimens and specify the best
design.

Keywords: |[Composite materials | pressure vessel | circular tubes | Glass fiber|carbon
Fibers|
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Introduction

A pressure vessel is a closed container designed to hold gases or liquids at a pressure
substantially different from the ambient pressure. Pressure vessels are used in a variety of
applications in both industry and the private sector. They appear in these sectors as
industrial compressed air receivers and domestic hot water storage tanks. Other examples
of pressure vessels are: diving cylinder, recompression chamber, distillation towers,
autoclaves and many other vessels in mining or oil refineries and petrochemical plants,
nuclear reactor vessel, habitat of a space ship, habitat of a submarine, pneumatic
reservoir, hydraulic reservoir under pressure, rail vehicle airbrake reservoir, road vehicle
airbrake reservoir and storage vessels for liquefied gases. Pressure vessels are leak proof
containers. They may be of any shape and range from beverage bottles to the
sophisticated ones encountered in engineering construction, high of temperature, and
severity of functional performance requirements pose exacting design problems. New
concepts in design and new materials available for construction are challenging the
ingenuity of engineers. And the resulting complexity of problems arising from every area
affects both safety and cost and conception effectiveness (John, 1999).

The ever-increasing use of vessel for storage, industrial processing, and the power
generation under unusual conditions of pressure, temperature, and environment has given
special emphasis to analytical and experimental methods for determining their operating
stresses (John, 1999).
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Composite vessels made of fiber-reinforced plastics have many potential advantages over
vessels, pipes made from conventional material, such as high specific stiffness and
strength, good corrosion resistance and thermal insulation. With the development of
manufacturing technology to produce multi-layered composite vessels, there has been a
grow in interest in the application of the multilayered filament wound fiber-reinforced
cylindrical composite structures. Figure 1 shows one type of pressure vessel.

Figure 1: pressure vessel

Problem statement
After investigated from several problems happened in pressure vessels and the
materials selection in pressure vessel fabrication, the glass fiber/epoxy composite, the
carbon fiber/epoxy composite have been selected instead of the common material
used in pressure vessels fabrication, composite pressure vessels specimens in various
thicknesses will fabricate and test by subject to internal pressure load until failure to
make a comparison in several parameter.
Obijectives
In the present research the main target is to find out which material in the pressure
vessel design is the best in order that this design can be used in different applications
as a storage device. From this design we will get lower weight for the pressure vessels
structure which will decrease the energy required to do work if it use in transportation
sector. To achieve this target we need to reach the following three objectives:
i. To study the performance of glass fiber/epoxy composite structure under internal
pressure loading.
ii. To study the performance of carbon fiber/epoxy composite structure under
internal pressure loading.
ilii.  To investigate the failure mechanism of composite cylinders under internal
pressure.

Methodology
Three steps have been implemented to carry out this study:-
1) Preparation of mandrels.
2) Specimen’s fabrication process.
3) Experimental tests procedure.
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Figure 2: Flowchart showing the experimental work.
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Fabrication & testin

Preparation of Materials

Glass Fiber

Glass fiber is an inorganic, synthetic, multifilament material. Glass fibers are the most
common of all reinforcing fibers for polymeric (plastic) matrix composites. Glass fiber
composites are strong, low in cost, nonflammable, nonconductive (electrically) and
corrosion-resistant (Mel, 1997). Glass fiber is made by melting the raw materials in a
high-temperature furnace and then drawing the molten material into filaments. It is a
capital-intensive process. There are two main categories of glass fiber: E-glass and high
strength-glass. High-strength glass can be further subdivided into the following
categories: S-glass, S-2 Glass and S-2 hollow glass fiber (Mel, 1997). Table 1 (Hyer,
1998) shows the properties of common glass fiber. Figure 3 shows the woven roving
glass fiber.

Figure 3: Typical Picture of Glass Fibe
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Table 1: Properties of Common Glass Fiber(Hyer, 1998).

Glass type
Properties
E-glass C-glass S-glass
Diameter(um) 8-14 — 10
Density (Kg/m®) 2540 2490 2490
Tensile Modulus (GPa) 72.4 68.9 85.5
Tensile Strength (MPa) 3450 3160 4590
Elongation (%) 1.8-3.2 4.8 5.7
Thermal Expansgcin Coefficient (x10 50 79 56
/°C)
Thermal Conductivity (W/m/°C) 1.3 —_— _
Specific Heat (J/kg/°K) 840 780 940

Carbon Fiber

Carbon fibers are commercially available with a variety of tensile module ranging from
(207 GPa) on the low side to (1035 GPa) on the high side. In general, the low modulus
carbon fibers have lower specific gravities, lower cost, higher tensile and compressive
strength and higher tensile strains to failure than the higher-modulus carbon fibers.
Among the advantages of the carbon fibers are their exceptionally high tensile strength-
to-weight ratios, very low (CTE) coefficient of thermal expansion (which provides
dimensional stability in such applications as space antennas) and high fatigue strengths.
Structurally, carbon fibers contain a blend of amorphous carbon and graphitic carbon.
Their high tensile modulus results from the graphitic form in which carbon atoms are
arranged in crystallographic ally parallel planes of regular hexagons (Mel, 1997). Table 2
(Hyer, 1998) shows the properties of carbon-based fibers.
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Table 2: Properties of Carbon — Based Fibers(Hyer, 1998)

Properties Intermediate High Ultra high
Modulus Modulus modulus
Diameter(um) 8-9 7-10 7-10
Density (Kg/m®) 1780-1820 1670-1900 1860
Tensile Modulus (GPa) 228-276 331-400 517
Tensile strength (MPa) 2410-2930 2070-2900 1720
Elongation (%) 1.0 0.5 0.3-0.4
Thermal Conductivity
20 70-105 140
(W/m/°C)
Specific heat (J/kg/°K) 950 925 S

Epoxy Resin (Matrix)
Epoxy resins are used with a number of fibrous reinforcing materials, including glass
,carbon and aramid Epoxies are compatible with most composite manufacturing
processes, particularly vacuum-bag molding, autoclave molding, pressure-bag molding,
compression molding, filament winding and hand lay-up (American Composite
Manufacturing association, 2004).Epoxy resin is chosen because it has higher values of
fracture toughness than polyester and vinyl esters, which may result in superior fatigue
performance of the laminates and the crushing behaviour. The cure shrinkage of epoxies
is relatively low at about 3%, whereas vinyl shrinks about 8% upon cure. From the table ,
for the fibre we will use Density pr = 1.40g/cc , Tensile Strength Ultima of =
110MPa, Modulus of Elasticity Ef= 15.0 GPa = 15.0 X 103MPa.In this work we will
change the percentage of the fibre in the composite with 10% step from 10% fibre to 90
% fibre using 2 different ways , RULE OF MIXTURE , and HALPIN-TSAI.
Preparation of Mandrels
Plastic pipes (UPVC PIPE BS 3506) with circular in the cross sectional areas were used
as mandrels to fabricate all the cylindrical specimens. Each mandrel was measuring 450
mm in length, which provided enough length to wind about 320 mm of usable tube. The
mandrel has an inner diameter of 46.5 mm and outer diameter of 48 mm which it has 1.55
mm in the wall thickness, for each specimens must prepare one mandrel because after the
epoxy become dry it will be hard to pull the mandrel from the specimen because of that
the mandrel will remain inside the specimens and be one part. Figures 4 and 5 show the
mandrels.
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48 mm

46,5 mm

1.55mm

450 mm

Figure 4: Schematic of the Mandrel. Figure 5: Typical Photograph of the the
Mandrels.

Basic Steps in a Composites Manufacturing Process

There are four basic steps involved in composites part fabrication: wetting/impregnation,
lay-up, consolidation, and solidification. All composites manufacturing processes involve
the same four steps, although they are accomplished in different ways, Mazumdar (2002).
Impregnation

In this step, fibers and resins are mixed together to form a lamina. For example, in a
filament winding process, fibers are passed through the resin bath for impregnation. In a
hand lay-up process, prepregs that are already impregnated by the material supplier in
controlled environments are used. In a wet lay-up process, each fabric layer is wetted
with resin using a squeezing roller for proper impregnation. The purpose of this step is to
make sure that the resin flows entirely around all fibers. Viscosity, surface tension, and
capillary action are the main parameters affecting the impregnation process.

Lay-Up

In this step, composite laminates are formed by placing fiber resin mixtures or prepregsat
desired angles and at places where they are needed. The desired composite thickness is
built up by placing various layers of the fiber and resin mixture. In filament winding, the
desired fiber distribution is obtained by the relative motions of the mandrel and carriage
unit. In a prepreg layup process, prepregs are laid at a specific fiber orientation, either
manually or by machine.Figure 6 shows the hand lay-up fabrication method. The purpose
of this step is to achieve the desired fiber architecture as dictated by the design.
Performance of a composite structure relies heavily on fiber orientation and lay-up
sequence.
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Figure 6: Typical Picture, Hand Lay-Up Fabrication Method

Consolidation

This step involves creating intimate contact between each layer of prepreg or lamina.
This step ensures that all the entrapped air is removed between layers during processing.
Consolidation is a very important step in obtaining a good quality part. Poorly
consolidated parts will have voids and dry spots. Consolidation of continuous fiber
composites involves two important processes: resin flow through porous media and
elastic fiber deformation. During the consolidation process, applied pressure is shared by
both resin and fiber structure. Initially, however, the applied pressure is carried solely by
the resin (zero fiber elastic deformation).Fibers go through elastic deformation when the
compressive pressure increases and resins flow out toward the boundary. There are
various consolidation models that ignore the fiber deformation and consider only resin
flow.

Solidification

The final step is solidification, which may take less than a minute for thermoplastics or
may take up to 120 min for thermosets. Vacuum or pressure is maintained during this
period. The lower the solidification time, the higher the production rate achievable by the
process .In thermoset composites, the rate of solidification depends on the resin
formulation and cure kinetics. Heat is supplied during processing to expedite the cure rate
of the resin. In thermoset resins, usually the higher the cure temperature, the faster the
cross-linking process. In thermoplastics, there is no chemical change during solidification
and therefore solidification requires the least amount of time. In thermoplastics
processing, the rate of solidification depends on the cooling rate of the process. In
thermoset composites, the temperature is raised toobta in faster solidification; whereas in
thermoplastics processing, the temperature is lowered to obtain a rigid part. The above
four steps are common in thermoset as well as thermoplastic composites processing. The
methods of applying heat and pressure, as well as creating a desired fiber distribution, are
different for different manufacturing process. These processes are Prepreg Lay- Up
Process, Wet Lay-Up Process, Spray-Up Process, Filament Winding Process, Pultrusion
Process, Resin Transfer Molding Process, Structural Reaction Injection Molding (SRIM)
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Process, Compression Molding Process, Roll Wrapping Process and Injection Molding
of Thermoset Composites.

Crushing Test and Finishing
After finishing the fabrication processes, the specimens will be ready for cutting and
finishing processes to make the specimens in suitable form and in original size to ensure
from the specimens entering in the test equipment in fitting form without any gap as
mention before. By using lathe machine (XL 1880) in the work shop as shown in Figure
7; the finishing and cutting processes should be done carefully bearing in mind the safety
instruction on each machine. The sizes of the form of the specimens that are needed
should be mention on the specimens on this step in order to make the cutting accurately
and perfectly, at last the specimen support between two jaws of the machine and the
pressure applied until the specimen fail as shown in Figure 8.

Figure 7: Typical Photograph of Lathe Machine Figure 8: test steps

Results & Discussion

In this research two type of fiber were chosen (glass fiber/epoxy, carbon /epoxy) to
fabricated pressure vessel composite, which have one height and various thicknesses (2L,
4L, 6L). All specimens were tested under internal pressure load until failure. Theoretical
results which are computed from the methods (Rule of mixture, Halpin And Tsai), from
the calculation it has been get the next Tables (4.3) and graphs(9-14).

Rule Of Mixture

From the Rule of Mixture calculations, we can make the theoretical results when change
percentage of the fiber in the composite from 0.1%to 0.9%. Table 3 shows theoretical
results of composite-based fibers.
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Table 3: properties of carbon-based fibers

Vi  E, (GPa)
0.1 5.946
0.2 6.952
0.3 7.958
0.4 8.964
0.5 9.97
0.6 10.976
0.7 11.982
0.8 12.988
0.9 13.994

E, (GPa)
4.945935
4.95188
4.95784
4.96382
4.969818
4.975826
4.98185
4.98788
4.9939

Density (Kg/m3) Stress (MPa)

1.166 54.74
1.192 60.88
1.218 67.02
1.244 73.16
1.27 79.3

1.296 85.44
1.322 91.58
1.348 97.72
1.374 103.86
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Figure 9: Volume fiber versus density(Kg/m3).

versus Stress (MPa).
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Figure 11: Volume fiber versus Elasticity (GPa)
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Halpin And Tsai Method:
From the Halpin And Tsai Method calculations we can make the theoretical results
when change percentage of the fiber in the composite from 0.1%to 0.9%..
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Table 4: properties of Glass-based fibers

Vs E. (GPa)  Density (Kg/m3) Stress (MPa)

0.1 5.520455 1.166 o94.74
0.2 6.158166 1.192 60.88
0.3 6.86204 1.218 67.02
0.4 7.642942 1.244 73.16
0.5 8.5142444 1.27 79.3

0.6 9.49261 1.296 85.44
0.7 10.5991 1.322 91.58
0.8 11.6805 1.348 97.72
0.9 13.312 1.374 103.86
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Summary

From the literature review study, the findings will be:-

1. The composite materials area becoming a very interesting field for researchers for its
light weight, huge ability to absorb energy and good mechanical properties.

2. Composite pressure vessels are used in a variety of applications such as industrial
compressed air receivers and domestic hot water storage tanks. Other examples of
composite pressure vessels are: diving cylinder, recompression chamber, distillation
towers, autoclaves and many other vessels in mining or oil refineries and petrochemical
plants, nuclear reactor vessel, habitat of a space ship, habitat of a submarine, pneumatic
reservoir, hydraulic reservoir under pressure, rail vehicle airbrake reservoir, road vehicle
airbrake reservoir and storage vessels for liquefied gases.

3. Even though composite materials fail in a brittle manner unlike the conventional
metals, if designed properly the specific energy absorption capability of composite
pressure vessels is higher than conventional metals.

4. The burst pressure of the composite pressure vessels varies at high temperatures, since
the strength of the composite material decreases and thermal stresses occur at the high
temperatures.

5. Thickness of the composite pressure vessels effect on the crushing behavior under
internal pressure loading.
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Abstract

Many methods for production of Hydrazine Hydrate are stated in the literature. The best method was
selected (urea process) depending on availability of raw materials in Al-Furat State Co. for Chemical
Industries, locally market, method applicability and feasibility.The synthesis of hydrazine from urea
and sodium hypochlorite was studied (Urea Process) . Concentration of reactants ((6-14 %) NaOCI,
urea (34.1 g) , NaOH (47.8 g) , gelatin ratio (0-0.57 g)) , reaction temperature (90-110) °C were
studied to determine their effects on the production of hydrazine in order to obtain higher
concentration with mixing rate (120 rpm.)Hydrazine detection and determination test has been done
in the labs of Al-Furat State Co. using colorimetric method and oxidation with potassium iodate
method. Additionally, samples were tested by iodemetric method in the lab of T.P.S. (Treatment
Water Unit in Al-Mussayab Power Station). The results showed that highest concentration of
hydrazine hydrate of (52 %) was obtained at (14 %) NaOCI, urea (34.1 g) , NaOH (47.8 g) , gelatin
(0.47 g) , and reaction temp. of (100 °C) at (120 rpm.)

Keywords: hydrazine hydrate | raschig process | urea process | hydrazine detection | oxygen
scavenger .

©2017 Corporation of Research and Industrial Development. All rights reserved.

Introduction

Hydrazine, NH,NH,, the simplest diamine and parent of innumerable derivatives, was prepared in
(1887) by Curtius as the sulfate salt from diazoacetic ester. Thiele (1893) suggested that the
oxidation of ammonia or urea with hypochlorite should yield hydrazine. F.Rasching (1906) first
demonstrated this E)rocess, variations of which constitute the chief commercial methods of
manufacture today ™.

Hydrazine is a strong reducing agent, It is used for corrosion control in boilers and hot-water heating
systems .It is also an oxidizing agent under suitable conditions. With two active nucleophilic
nitrogens and four replaceable hydrogens, hydrazine is the starting material for many derivatives. &%

Uses :

Hydrazine comprises of hydrazine anhydride and hydrazine hydrate and the former is only produced
for rocket fuel at several tons per year . Therefore, this assessment describes the use of hydrazine
hydrate that is more commonly used ! Hydrazine hydrate and its derivatives play a significant
role in various application

e\Water treatment: oxygen scavenger , protection of boiler circuits , synthesis of flocculants and
coagulants.

e Agrochemicals: phytosanitary synthesis intermediates.
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ePolymerization and blowing agents: acrylics, PE, PVC, EVA(Ethylene Vinyl Acetate), rubber,
etc...
etreatment processes, precious of metal purification.

Physical and Chemical properties :

Is a colorless, fuming and basic solution with a peculiar bad smell , soluble in water and alcohol,
flammable and corroding glass, rubber and leather, hydrazine hydrate's sever toxicity accumulates
and harms blood and nerves 2. Based on its pKa, hydrazine is a strong base, although slightly
weaker than ammonia (Eqg. 1). The second ionization constant pKa2 (Eg. 2) is so small that the
NoHg>* cation will exist at only extremely low pHs % Because of strong resemblances with
hydrazine, hydrazine hydrate is also considered a strong base ). In principle, aqueous solubilities of
substances with acid—base properties vary with (pH) but this information is not available for
solubilities reported here. However, it is expected that solubilities in water of anhydrous and
hydrated hydrazine will be large regardless of the pH of the test solution.

N,Hs + H,O — > N2H5+ + OH™ (l)

NoHs" + H, O —> NyH¢® + OH- (2)

Hydrazine is reported to be a powerful reducing agent in basic solutions; Equation 3 represents the
half-reaction of the molecule as a reductant. It is much less of a reducer in an acidic medium with an
Eo (redox potential) decreasing by nearly one volt (Eq. 4).1!

NoHs + 40H—>  Np+4H,0 + 4e Ee=+1.16V  (3)
NoHs—> N, + 5H" + 4e- Eo= +0.23 V (4)

The very similar physico - chemical properties of hydrazine and hydrazine hydrate reflect the
equivalence of both forms of hydrazine. Nevertheless the low melting point of hydrazine hydrate
(-51.7°C) is consistent with a solid crystal structure that is somewhat different from that of
anhydrous hydrazine. !

Regarding the decomposition of hydrazine which indicates that elevated temperatures over (200 °C)
are required for predicable decomposition to occur. In the absence of decomposition catalysts, the
author mentions that liquid anhydrous hydrazine can be heated to >200°C without appreciable
decomposition. Similarly, Singer indicates that hydrazine reacts with oxygen very slowly at
temperatures <350°F (177 °C)". Above (450 °F) (232 °C), hydrazine is decomposed rapidly to
nitrogen, hydrogen and ammonia. Hence, depending on the temperatures reached in boiler systems in
thermal power plants, the hydrazine used will decompose to a certain degree. 7!

The principal benefit of hydrazine is its ability to reduce the oxidized forms of copper and iron ).
Copper oxide is reduced with hydrazine at temperatures as low as (150 °F) (66 °C). Iron oxide
(Fe,O3) can be reduced at a temperature of (250 °F) (121 °C). Reactions of hydrazine in the feed
water cycle and boiler are:

6 Fe203 +NHy, —» 4 Fe304 + N, + 2 Hzo (5)

4Cu0O+NHy —/m 2Cu,0O + N, +2H> (6)

Production of Hydrazine :

Hydrazineis formed in a multitude of chemical reactions. Only a few processes have acquired
commercial importance. These all oxidize ammonia or Urea, an ammonia derivative, to hydrazine.
Sodium hypochlorite or hydrogen peroxide is used as the oxidizing agent. Certain processes (Bayer-,
H,O,-processes) operate in the presence of ketones.®.

Raschig Process :
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In the Raschig process, ammonia is oxidized with sodium hypochlorite: H,O, hydrazine

—

2NaOH + Cl, NaOCl + NaCl+H,0 @)
NaOCI + NH3 — NH,Cl + NaOH (8)
NH,CIl + NaOH + NH; — N,H; + H,O + NaCl (9)

2NaOH +Cl; +2NH; ~ —  NH4 + 2NaCl+2 H,O (10)

Sodium hypochlorite is obtained as a ca. (4.7 mol/L) solution by mixing chlorine and sodium
hydroxide with cooling in a molar ratio of 1:2 (see Fig, 1). This is diluted to ca. (1 mol/L) and
reacted with an agqueous ammonia solution (ca. 15 %) at temperatures around (0 °C) (with cooling)
forming chloramine and sodium hydroxide!**°!.

INH2C1 +

1 to 3mol MaOH [— = Z:;I.:ﬁ:l |:|'::::-| dist. ||:;::=-| dist. |.::}| dist. |

: @

1motl NaoCl b I —
. solution solid °t *
MN2Hs areotrope —m—e———+] Ha»

2maol

Figure 1 : Scheme of the Raschig process'.

The alkaline chloramine solution is then reacted, at ca. (130 °C) under pressure with a (20- to 30-)
fold molar excess of anhydrous ammonia. The excess ammonia then separated from the reaction
mixture, is recycled. Water and the hydrazine-water azeotrope (b.p. 120.5 °C) are distilled off
leaving solid sodium chloride. The aqueous hydrazine solution obtained is finally concentrated by
distillation. Ca. (70 %) of the theoretical yield is obtained. Important side reactions are:

(1)Reaction of chloramine with the hydrazine formation:

2NH,CI+N;H,4 — N,+2NH,CI (11)

This reaction is particularly catalyzed by copper. A large excess of ammonia and the addition of
complexing agents such as ethylenediaminetetra-acetic acid (EDTA) are used as countermeasurest™.
(2) Decomposition of hydrazine during its evaporation from solid sodium chloride,if hydrazine
hydrate is not required, hydrazine can be precipitated out from the Raschig synthesis reaction
mixture as the sparingly soluble hydrazine sulfate (N,Hg”* + SO4% , solubility in water: 2.96 g/L) ).

Urea Process :

In this process a mixture of urea, sodium hypochlorite and sodium hydroxide is converted into
hydrazine, sodium chloride and sodium carbonate !,

H,NCONH,+ NaOCI+2NaOH —__,  NyH4+NaCl + Na;CO3+H,O (12)
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The reaction components are mixed cold in the above molar ratios and the mixture rapidly heated to
(100 °C). The working up is the same as with the Raschig process, giving (60 to 70) % of the
theoretical yield of hydrazine. The advantages of this process are the avoidance of a large excess of
ammonia and working at atmospheric pressure, which must be set against the serious disadvantage of
using two moles of sodium hydroxide per mole of hydrazine. Furthermore, the production of a
sodium chloride-sodium carbonate-mixture poses an additional ecological problem !,

Bayer Process

Of a number of hydrazine syntheses based on the oxidation of ammonia with sodium hypochlorite in
the presence of ketones (acetone, methyl ethyl ketone) (see Fig. 2),

only that of Bayer A.G. appears to have graduated to a commercial process 1.

The two main reactions are the formation and hydrolysis of acetone azine:

acetone

WNH;

(excess)

acetone azine
acetone |[—————=+ Na(Cl NH:3

dist. - reaction
—— | dist. — = distillation

2maol {} {} U’

MNaCl-'solution

NaOCl hydrazine
solution - (10%), H10
lmol {_}
distillation :5

MNiH4-azeotrope —_— ":I HaO

Figure2 : Schema of hydrazine manufacture by Bayer process ..
NaOCI +2 NH3 +2CH3;COCH; —  (CH3),C=N-N=C(CHs;),+NaCl+3H,0  (13)
(CH3),C=N-N=C(CH3),#2H,0 = ——> 2CH3COCHS; + N,H, (14)
The formation of azine is not a means of trapping the hydrazine formed in the Raschig process with
acetone, the reaction proceeding by way of two distinct intermediates: dimethyl oxazirane and

acetone hydrazone, as follows:

HsC NH

~

NaOCl + NHg +CHsCOEH—> C + NaCl + H,0 (15)
/ \
HsC 0

HsC NH

\ /

C + NH; — (CH3),C=N-NH, +H,0 (16)

/ \

HsC 0

(CH3)2C:N-NH2 + CH;COCH —8@™— (CH3)2C:N-N:C(CH3)2 + H,0O (17)

52



Journal of Iraqi Industrial Research Vol. 4, No. 2 (2017)

Sodium hypochlorite solution (ca. 1.5 mol/L), ammonia and acetone in a molar ratio of 1: 15 to 20:2
are reacted together at 35°C. A solution results consisting of 5 to 7% by weight of acetone azine
together with sodium chloride and excess ammonia. This ammonia is distilled off and returned to the
reaction. Next, the acetone azine-water-azeotrope (b.p. 95 °C) is distilled off leaving the sodium
chloride solution. Herein lies the ssential difference from the Raschig process in which the hydrazine
water mixture has to be separated from solid sodium chloride™™.Finally, the acetone azine is
hydrolyzed with water in a reaction distillation tower into acetone (head product) and a (10 %)
aqueous hydrazine solution (sump product) at temperatures up to (180 °C) and pressures of (8 to 12)
bar. The hydrazine solution is concentrated to its azeotrope composition of 64% by weight of
hydrazine. The hydrazine yield is (80 to 90) %, based on the hypochlorite utilized

H,0O, Process

This process is similar to the Bayer process except that hydrogen peroxide is used as the oxidizing
agent and the ketone used is methyl ethyl ketone:

N CHs / CHs

H.O, + 2NH3; + 2C,HsCOCH; C=N-N=C (18)

C2H5 C2H5

Since the reaction with hydrogen peroxide is too slow, anactivator is added as a catalyst, which in the
process variant published by ATOCHEM company is a mixture of acetamide, amrnonium acetate
and sodium hydrogen phosphate. Other catalysts can also be used. The presumed reaction
mechanism is similar to that of the Bayer process

C=0 + H;0; +NHs>>  C—-NH +2H,0 (19)
yd av:
CHs; CH; O
C2H5 C2H5
& NH N-Hg—>\ C- N-NH (20)
+ - N-NH>
N\ e
CH3; 0] CH3;
CoHs CoHs CaHs CoHs
S ool e
-N\- 2 + p— =N-N=
/ / AN
CHs; CHj CHj CHjs

The methyl ethyl ketone azine formed, which is poorly soluble in water, is separated and hydrolyzed
to hydrazine and ketone. The catalyst-containing aqueous solution is returned to the synthesis ™.
This process is operated commercially by ATOCHEM in France and in a very similar process by
Mitsubishi Gas Chemicals in Japan. The advantage of this process over the Bayer and Raschig
processes is that sodium chloride is not formed as a byproduct !,
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Experimental Part
Materials :

1- Urea, local markets.

2- Sodium hypochlorite, Al-Furat State Co.
3- Sodium hydroxide, Al-Furat State Co.
4- Gelatin, local markets.

5- Distilled water.

Equipments and Devi

1- Fume hood. 2- Magnetic stirrer. 3- Beakers. 4- Conical flasks. 5- Chiller.

6- Watch glass. 7- Electrical Heater. 8- Funnel. 9- Thermometer. 10- Stirring rod
11- Electrical scale. 12- Burette. 13- Colorimeter (Neo-arator / Lovibond / England ).
Procedure

The synthesis of hydrazine from urea and sodium hypochlorite was studied. In this research it has
been taken different concentrations of reaction materials and studying there effects on the production
of hydrazine in order to obtain the higher concentration as shown in results.

A- Preparation of NaOCI/NaOH Solution:

1- Place (355 mL) of (10 %) NaOCI solution in conical flask and cool to at least (8 °C) (46°F).

2- Using a magnetic stirrer mix in (NaOH) to the cooled (NaOCI) solution (47.8 g) , then chill to (5-
8°C).

B- Preparation of Urea / Gelatin Solution:

1- Place (3mL of water in a (25 mL) beaker. Sprinkle in the (0.47 g) of gelatin, breaking it up and
dispersing it with a stirring rod. Add 15mL of boiling water and stir the gelatin until dissolved.

2- Add (20 mL) of hot water to a (250 mL) beaker. Then add (34.1 g) of urea and stir until dissolved.
3- Pour the gelatin solution into the urea solution and stir until mixed.

C- Preparation of Hydrazine Solution:

This is to be done in the hood as hydrazine is toxic.

1- Place the stir bar in the 1-liter flask and place on the magnetic stirrer/hotplate. Insert the funnel in
the flask.

2- When the hypochlorite solution has warmed to (5-8) °C, set the stir bar at (120 rpm) and pour the
hypochlorite solution into the flask. Install the funnel in the flask. Then pour in the urea/gelatin
solution through the funnel. Immediately raise the stir bar speed as required.

3- Cover the funnel with watch glass . The reaction initiates immediately and a snow white foam will
rise to fill the flask to about the (900 mL) level. After a few minutes the foam will begin to subside
and the solution will turn translucent orange, and heat up. Turn down the stir rate to prevent foam
generation. Apply heat steadily to drive the solution to boiling(approximately (100 °C)). The color
will fade to a pale yellow then to almost clear. The clear color indicates the endpoint of the reaction.
At this point heating is stopped.

4- Remove the overflow funnel and place a small watch glass over the mouth of the flask to exclude
air. The watch glass will allow any (CO,) to escape and also prevent a vacuum from forming ..
Detection and Determination of Hydrazine Hydrate :

1- Detection and determination of hydrazine by Colorimetric method:

Pricnciple :-

P-Dimethyaminobenzaldehyde with hydrazine produce yellow colored , stable hydrazones in acid
solution .
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Procedure

Place (5 mL) of the sample into (26 mm) trough, add (5 mL) of reagent I(Reagent I:- dissolve 1gm of
p- Dimethyl amino benzaldehyde in (100 mL) of 1N sulphuric acid ) and mix by means of glass rod.
Insert it into the right-hand compartment of the Neo-comparator.

Fill the other trough with mixture of (5 mL) of the distilled water and (5 mL) reagent | ( if the
hydrazine sample is turbid use dist. Water only for compensation ).

Compare the color by revolving the standard disk. The number appearing at the lower peep-hole will
directly indicato the (mg/L) of (N2H,).

If the colored solution is darker than standard (1.0 mg/L) , transfer colored solution and
compensation liquid into trough (13 mm) liquid depth, compare colors, and multiply by (2) the
values read from the disk.

In case if hydrazine concentration above (2 mg/L), the hydrazine sample should be pre diluted with
dist. Water , values from the disk have to be multiplied by a factor corresponding to the dilution ",
Calculation :-

Hydrazine conc. mg/L = hydrazine conc. %
10000
1- Determination of Hydrazine by oxidation with Potassium lodate
Procedure :-

Measure exactly (25 mL) of the sample from the burette in to stoppered flask dilute to (50 mL), add
(50 mL) HCL conc. A.R. &(25mL) of CCly, titrate slowly with (0.1 M) KIOs until the violet color
changes to colorless ™.

Calculation :-
(consumed ml ) (3.205) (1000) = g/l Hydrazine as NoH,4
25*1000
Hydrazine conc. g/L = hydrazine conc. %
1000

2- Determination of Hydrazine by lodimetric Method in the lab of T.P.S. (Treatment Water Unit in
Al-Mussayab Power Station)
Procedure :-
1- Take (20 mL) from the sample.
2- Add (10 mL) from (10 %) sodium bicarbonate solution.
3- Add some drops from starch indicator .
4- Titrate the sample with (0.1 N) lodine solution.
5- End point with blue-violet color.
Calculation:-
Hydrazine conc. In ppm =volume from Burette *0.8*1500/s.
S= ml of sample.
Hydrazine conc. ppm = hydrazine conc. %
10000

Results

Firstly, quantitative analysis for our prepared samples has been done using colorimetric method by
Colorimeter in Al-Furat Co. lab. Obviously, the result was positive where they showed a yellow
color that indicate the formation of hydrazone compounds.

Studying of effects of gelatin amount which using as percentage of hydrazine production was
studied. Different amount of gelatin has been taken and in the end of any experiment the amount of
hydrazine produced as shown in table no.1.
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Table (1) The effect of gelatin ratio on hydrazine percentage %.

Gelatin used in gram hydrazine%*
0 24
0.24 24
0.47 28
0.57 28

Studying of effect of hypochlorite concentration on the hydrazine produced percentage . different
amount of hydrazine produced has been examined as shown in table no.2.

Table (2) The effect of concentration NaOCI % on hydrazine% product.

NaOCl% Hydrazine%*
14 52
12 40
10 40
8 20
6 20

*Determined in the lab of T.P.S. (Treatment Water Unit in Al-Mussayab Power Station).

Discussion

Table no.1 shows different amount of gelatin has been taken to obtain high concentration of
hydrazine hydrate and noticed that the effectiveness of gelatin on the reaction it has been
demonstrated clearly by using of (0.47 g) from gelatin where it gave the higher concentration of
hydrazine hydrate which is (28 %) and when using of (0.57 g) gelatin in the reaction the
concentration of hydrazine was stable (28 %) ,when using less amount of gelatin (0.24 Q) lead to
giving less concentration of hydrazine (24 %) . gelatin works as inhibitor for side reaction.

Table no.2 shows different concentrations of sodium hypochlorite has been taken and noticed that
higher concentration of hydrazine (52 %) was obtained using higher concentration of sodium
hypochlorite (14 %),implying that the concentration of hydrazine decreases with decreasing
concentration of sodium hypochlorite , sodium hypochlorite works as oxidizing agent for urea to
produce hydrazine.
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Abstract
Some prepared heterocyclic compounds (pyrazole, pyrimidine and isoxazole derivatives) (D1-D5)

were successfully applied as organic corrosion inhibitors for mild steel in (1 M) H,SO, solution at (30
°C) for (24 hrs) . by using a weight loss method. The results of weight loss measurements showed that
corrosion inhibition efficiency increased by increasing the concentration of organic inhibitors for mild
steel in (1 M) H,SO, solution at (30 °C).
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Introduction

Corrosion is an afflicting problem associated with every use of metals. The damage by corrosion results
in highly cost for maintenance and protection of materials used. Development of methods to control
corrosion is a challenge to scientists working in this area . Mild steel is widely applied as the
constructional materials in many industries due to its excellent mechanical properties and low cost 2.
Mild steel is an alloy form of iron, which undergoes corrosion easily in acidic medium. Acidic
solutions are extensively used in chemical laboratories and in several industrial processes such as acid
pickling, acid cleaning, acid descaling and oil wet cleaning etc.!®l. Corrosion is a process of materials
defect due to reaction with its environment. Wet, saline, acidic and aerated conditions make iron and its
alloys to be exposed to corrosion process on the surface. This kind of harmful attack can cause
deterioration in the mechanical, physical and chemical properties of metal. Therefore, many researchers
deal with creation and developing protection methods to reduce the damage effects of the metal .
Organic inhibitors are very effective way for the reducing of corrosion of metals and alloys due to
generate a thin film that controls and prevents access of corrosive agents to the metal surface . The
organic inhibitors that used for control corrosion of steel are organic compound containing nitrogen,
oxygen and/or sulphur atoms 1. One of the important class of reactions of chalcones are the ring
closure reactions with hydrazine, phenylhydrazine, guanidine, urea etc. producing heterocyclic
derivatives of chalcones. Both chalcones and their heterocyclic derivatives have a number of
pharmacological activities such as anti-inflammatory, antimicrobial, antifungal, antibacterial,
antioxidant, cytotoxic, antitumor, anticancer, antimitotic, anti-leishmanial, anti-malarial, antitubercular,
antiviral, and so on [''1 A corrosion inhibitor is a chemical substance that, upon addition to a corrosive
environment, results in reduction of corrosion rate to an acceptable level. Organic inhibitors generally
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have heteroatoms. O, N, and S are found to have higher basicity and electron density and thus act as
corrosion inhibitor I''"'"1. Survey of literature reveals that pyrazole **!, pyrimidine ™ and isoxazole ™
derivatives are effective corrosion inhibitors up to (80 °C). It is generally agreed that corrosion
inhibition is due to the adsorption of the inhibitor molecule at the metal-solution interface, which is
accompanied by a change in potential difference between the metal electrode and the solution due to
the non-uniform distribution of electric charges at the interface. In acid media, nitrogen-base materials
and their derivatives, sulphur-containing compounds, aldehydes, thioaldehydes, acetylenic compounds,
and various alkaloids, for example, papaverine, strychnine, quinine, and nicotine are used as inhibitors
['*] have incited us to synthesize other compounds and to test their addition on the corrosion behavior of
steel in acidic media. In the present work, we studied the inhibition properties of some heterocyclic
derivatives as corrosion inhibitors of mild steel in (1 M) H,SO, solution. Weight loss measurements
were used for investigating the corrosion behavior.

Experimental

Materials and Methods :

All the chemicals were supplied from chemicals Co. and used as received. Figure (1) are shown
prepared heterocyclic compounds (pyrazole, pyrimidine and isoxazole derivatives) (3-[4-(5-Bromo-
pentyloxy)-phenyl]-5-phenyl-1H-pyrazole (D1); 3-[4-(5-Bromo-pentyloxy)-phenyl]-1,5-diphenyl-1H-
pyrazole (D2); 4-[4-(5-Bromo-pentyloxy)-phenyl]-6-(4-nitro-phenyl)-1H-pyrimidin-2-one (D3); 4-[4-
(5-Bromo-pentyloxy)-phenyl]-6-phenyl-1H-pyrimidine-2-thione  (D4);  3-[4-(5-Bromo-pentyloxy)-
phenyl]-5-phenyl-isoxazole (D5) were done according to lit. 71,

4 ™
' D1 PH
/\/\/\
M ’\/\/\

. A
Figure (1): The compounds (D1-D5).

Techniques: Sensitive electrical balance and spectromaxx, 2009, Germany was used to determine the
composition of mild steel samples, (State Company for Inspection and Rehabilitation, Ministry of
Industry and Materials).
1- Preparation of aggressive solution
Aggressive solution of (1 M) H,SO4 was prepared by dilution of analytical grade (98 %) H,SO,4 with
distilled water. Inhibitor concentrations of (1x107 to 5x10™) M were prepared in (1 M) H,SO, solution.
2- Weight loss measurements
The sheet of mild steel used has the composition percentages (0.002 % P, 0.288 % Mn , 0.03 % C,
0.0154% S, 0.0199 % Cr, 0.002 % Mo, 0.065 % Cu , 0.0005 % V, and the remainder iron).
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The mild steel sheet was mechanically press-cut into disc shape with diameter (2.5 cm). These disc
shapes were polished with emery papers ranging from (500 to 1500) grades to get very smooth surface.
However, surface treatments of the mild steel involve degreasing in absolute ethanol and drying in
acetone. The treated specimens were then stored in a moisture-free desiccators before their use in
corrosion studies. Mild steel specimens were initially weighed in an electronic balance. After that the
specimens were suspended and completely immersed in (250 ml) beaker containing (1 M) sulphuric
acid in the presence and absence of inhibitors. The specimens were removed after (24 hrs) exposure
period at (30 °C), then washed with water to remove any corrosion products and finally washed with
acetone. Then they were dried and reweighed . Mass loss measurements were performed as per
(ASTM) method described previously ™! the tests were performed in duplicate to guarantee the
reliability of the results and the mean value of the weight loss is reported. Weight loss allowed
calculation of the mean corrosion rate in (mg cm™ h™"). The corrosion rate of mild steel was determined

using the relation 2%;
w=22 (1)

st
Where Am is the mass loss, s the area and t is the immersion period.

The percentage inhibition efficiency (IE (%)) was calculated using the relationship
1E% = Weorr Weorranm) 499 (@)

Wcorr

Where Weorr and Weor (inhy are the corrosion rates of mild steel in the absence and presence of inhibitor,
respectively.

[21].

Results & Discussion

The results of the corrosion rate and inhibition efficiency that obtained from weight loss measurements
at different concentrations of suggested inhibitors (D1-D5) after (24 hrs) immersion at (30 °C) are
depicted in Figure (2) and summarized in Table (1). These values indicate that the mild steel corrosion
is reduced by the presence of suggested inhibitors in (1 M) H,SQO, at all concentrations that used in the
present study. However, there is remarkable decreasing in the weight of mild steel specimen and
increasing the corrosion rate after (24 hrs) without using an inhibitor. That’s could be explain by
adsorption of organic compounds on the mild steel surface which makes impediment thin layer towards
corrosion environment. The increase of efficiency of inhibition as function of concentration indicates
that more inhibitor molecules are adsorbed on the metal surface at higher concentration, leading to
greater surface coverage %%,
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Figure (2): Effect of inhibitor concentrations on the inhibition efficiency for mild steel (1 M)
H,S0O; at (30 °C) for suggested inhibitors (D1-D5).
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Figure (3): Langmuir adsorption isotherm plot for mild steel in (1 M) H,SO4 solution in the
presence of various concentrations of inhibitor (D2).
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Table (1): Corrosion rate, inhibition efficiency, surface coverage (0) and standard free energy of
adsorption for mild steel in (1 M) H,SO,4 by using weight loss measurements.

Concentration Corrosion rate IE% ® AG®qqs
(M) (mg.cm™.h™) (kJ. mol™)
Blank 1.342 - - -
(D1)
5x10™ 0.3811 71.6 0.716
1x107 0.3398 74.7 0.747 -28.4775
5x10° 0.1863 86.1 0.861 R?=0.99
1x10 0.0864 93.6 0.936
(D2)
5x10™ 0.1449 89.2 0.892
1x10 0.1075 92.0 0.920 -37.4339
5x10° 0.0960 92.8 0.928 R’=1
1x10 0.0777 94.2 0.942
(B3)
5x10™ 0.1680 87.5 0.875
1x107 0.1123 91.6 0.916 -34.6663
5x107 0.1046 92.2 0.922 R?=0.99
1x10 0.0499 96.3 0.963
(D4)
5x10™ 0.1036 92.3 0.923
1x107 0.0931 93.1 0.931 -33.9416
5x107 0.0777 94.2 0.942 R?=0.99
1x107 0.0268 98.0 0.980
(D5)
5x10™ 0.4358 67.5 0.675
1x107 0.4224 68.5 0.685 -29.8872
5x107 0.2401 82.1 0.821 R?=0.99
1x107 0.1372 89.8 0.898

Table (1) reveals that the protection efficiency increases with increasing the concentration of suggested
inhibitors with the maximum inhibition efficiencies were achieved at (102 M) . Thus , the comparative
study shows that order of maximum inhibition efficiency as follow: D4> D3> D2> D1> D5. That order
could be explain by the effect of molecular structure of organic inhibitors on inhibition efficiency, as
well as adsorption process. Basic information can be provided from the adsorption isotherms to explain
the interaction between the organic compounds and metal surfaces. So that, the degree of surface
coverage values (0) at different inhibitor concentrations in (1 M) H,SO,4 was achieved from weight loss
measurements (0=E (%)/100) Table (4) at (30 °C) and tested with Langmuir isotherm relationship %*!:
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Cl0=1/Kaist C i, (3)

Where (Kags) is the equilibrium constant of the adsorption process.

According to the Langmuir isotherm, Ky values can be calculated from the intercepts of the straight
line of plotting C/0 versus C . Figure (3). (Kags) is related to the standard free energy of adsorption,
(AG%qs), with the following equation: (The value (55.5) is the molar concentration of water in the
solution in (1 M)).

— L _ AG:-u;is
Kads = exp (—RT ) s 4)

From the data of Table (1), the values of standard free energy of adsorption are negative which indicate
that the processes of adsorption of all suggested inhibitors (D1-D5) were spontaneous processes on the
mild steel surface after (24 hrs) immersion at (30 °C). That’s given sense for remarkable interaction
between suggested inhibitors and metal surface. Here, adsorbed molecule moves closer to the surface
of metal making electrons start to overlap with that of the surface atoms which causes physisorption for
suggested inhibitors *%1. It is generally accepted that the adsorption of an organic inhibitor on a metal
surface in acidic media usually involves formation of a metal-inhibitor complex by combining an
inhibitor with freshly generated Fe?* ions on the steel surface *°!:

Fe + 2H" —Fe+Hy v, (5)

Fe*? +Inhggs) — [Fe-Inh]*? g5 (Metal—inhibitor complex) —.......... (6)

Therefore, formation of a metal-inhibitor complex could work as protective layer for anodic cell to
reduce formation of (Fe*?) sites. Thus it could be suggested that at low concentrations of suggested
inhibitors probability of formation a compact metal—inhibitor complex is low. The adsorption
mechanism for given inhibitors depends on adsorption behavior of organic molecules containing N, O,
S atom. The presence of more than one functional group has been reported to often lead to changes in
the electron density of a molecule, which could influence its adsorption behavior ). Finally, we can
suggested model of mechanism of a suggested inhibitor (D1) to show physical adsorption on the
surface of mild steel via oxygen and nitrogen atoms that occupying high electron density (Figure 4).

).

| Mild Steel |

Figure (4) : Suggested mechanism of physical adsorption on the surface of mild steel in the
presence of inhibitor (D1).

63



Journal of Iragi Industrial Research Vol. 4, No. 2 (2017)

Conclusion

The organic compounds containing heteroatoms (pyrazole, pyrimidine and isoxazole derivatives) (D1-
D5) were used successfully as corrosion inhibitors on the mild steel surface in (1 M) H,SO, solution at
(30 °C) . The results of inhibitive efficiency (IE %) showed interesting inhibiting effects of suggested
inhibitors. The values free energy of adsorption revealed physisorption effects for (D1-D5) and gave
useful information to explain the interaction between the surface of metal and the organic molecules.
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Abstract

Many researches have been done to enhance the energy absorption capability. This
research focused on two parameters, materials' type and the geometry form effect on
energy absorption capability. Hand lay-up technique used to fabricate square and triangle
tube with two types of fibers (glass, and hybrid (glass + jute)). Three samples were used
with various thickness and one height for each simple. The test involves crushing the
tubes with a constant speed (quasi-static test) using the INSTRON machine. Microsoft
office Excel was employed to compare between results of specimens and determination
the best design.

Keywords: |Composite materials | Energy absorption| Geometry| Glass fiber| Hybrid
Fibers|
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Introduction
Composite materials have been in existence for many centuries. No record exists about
the date of the first people starting to use composites. Composite material is a
combination of two or more constituent on a macroscopic examination to produce a new
material with enhanced properties. Composite material contains two phases, matrix and
reinforcement . The matrix used are (polymer, ceramic, metal, carbon) but most popular
in use is polymer which include (polyester, epoxy, vienylester....etc), the reinforcement
include fiber and particulate and the material which used are (metal, carbon, glass,
Kevlar, natural fiber). This research explain the experimental work of the project and
how to obtain the final results. The experimental study observes the loads that will have
been apply on the tubes consisting of fibers and matrices, the quasi-static load apply to
the specimens, failure modes that will occur during the crushing process and the load-
displacement curve of the tubes. The tubes normally consist of glass fiber and hybrid
fibers (glass and natural fibers) with constant thickness . The matrix used in this
experiment is epoxy. The process used to fabricate the tube is the hand lay-up process.
The results compared between the glass fiber tubes and hybrid fiber tubes (glass and
natural fibers) with epoxy resin. At the same time, the results will be compare between
the epoxy tubes with filler and without filler. The different geometries which are circular,
square composite tubes tested to find the optimum geometry that absorb energy. The
public, now more than ever, is educated and vocal enough to be able to demand a higher
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degree of personal and public protection and to be able to exact greater legal penalties
for mechanical failures. All these factors make up-to-date familiarity with the design of
passive safety measures a prerequisite for their application in this field. Figure 1 shows a
car accident (Guoxing and Tonxi, 2003).

Figure (1) : Car accident

Technical Part :

Figure (2) shows the hand lay-up fabrication method. Several suppliers offer combined
woven ravings and chopped strand mat to reduce lab our costs and to prevent the chopped
strand mat from being omitted by mistake. Although woven ravings give increased
strength and stiffness to the moulding they are more difficult to wet out with resin and do
not conform readily to mould shape (Hakim et al 2010).

Figure (2) : Typical picture, hand lay-up fabrication method

Charles and Vassilios (1999) examined the implications of corporate average fuel

economy standards in a framework where car manufacturers’ choice of model line is

indigenized and interpreted as quality provision by discriminating firms. They found that

the reduction in vehicle weight is considered to be the easiest way for manufacturers to
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abide by the fuel economy standards although it raises concerns with regards to vehicle
safety.

Bond et al. (2002) compared using glass fiber between triangular tubes triGF and circular
tubes circGF. The cross-sectional areas for the two geometries are the same and the
resulting composites must have the same fiber volume fraction. Figure (3) is an SEM
micrograph showing a cluster of tri GF with a dimension of (50 mm) and drawn from a
triangular glass perform of 29 mm (apex to apex) at an indicated temperature of (900 °C).
Fig. (4) is an optical micrograph which shows a cross-section through an unidirectional
composite of (60 mm) triangular fibers incorporated in a Hexcel (914) epoxy matrix.

Figure (4) : Optical micrograph cross-section through unidirectional (60 mm)
triangular glass fiber composite (vf_50%) (bond et al. 2002).

Warrior et al. (2003) studied the effects of resin properties and resin processing
parameters on the crush behavior of thermo set composite tubes manufactured using resin
transfer moulding. Results show that polyester gives specific energy absorption (SEA)
values of almost (60 kJ/kg) in the present case whilst vinylester offers almost (80 kJ/kg).
These factors make vinyl ester a promising resin for crash energy absorption. Muhammad
et al. (2005) studied the pure polyester resin and polymer composites with various types
of glass fiber and the effect of Frequency and temperature dependence of dielectric
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constant (¢") and dielectric loss (¢") on this resin type, the results of this research notice
that the differences were found in dielectric (¢”) constant between polyester resin and
composite materials with different types of glass fiber. The present paper compares the
two manufacturing techniques on the basis of the response to repeat impact loading. The
laminate is a thick non-symmetric glass fiber-reinforced plastic intended for nautical
application . Antonio and David (2005) take in this study by consideration of an E-
glass/epoxy plain weave woven fabric composite made by hand lay-up. The three
selected cure processes are: cure on air, cure vacuum assisted, and cure under
compression . A variance study based on stiffness and strength from ASTM D
(3039/3039) M tensile tests is performed to check the statistical differences caused by the
cure processes. Additionally, a microscopic analysis was performed to identify the voids
formation rate. Giovanni et al. (2007) found that the vacuum infusion (VI) is being
considered as a viable alternative to more traditional hand lay-up (HL). The main reason
in favor of the more costly technique is the cleaner and friendlier work environment.
Moreover, VI potentially offers another important benefit over (HL) in that prepregs level
of resin may be achieved, resulting in stronger and lighter laminates. Jeyapalan and
Pikkay (2008) study the on longitudinal rails crash elements Figure (5) to evaluate the
energy absorption performance of new lightweight material during frontal impact. These
frontal rails are very common in cars for active safety reasons.

Figure (5) : Longitudinal frontal crash element (energy absorber) .

Problem statement

This research tries to investigate the performance of the crushing in order to optimize the
specific energy absorption by increasing the area under the load displacement curve.
Obijectives

1- Investigate the effect of changing the geometry on the tubes’ performance.

2- Investigate the effect of changing the fiber types on the performance of the tubes.
3- Fabricate and design tubes with different geometry tries.

Methodology

Three steps have been implemented to carry out this study:-

1- Preparation of mandrels.

2-Specimen’s fabrication process.

3- Experimental tests procedure.
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Fabrication of the Specimens

Fabrication process

v

Preparation of Materials

v
Tubes Fabrication
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Epoxy
A 4
i fiber P — Glass fiber Glass and Natural
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TEST
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RESULTS

Figure (6) : Flowchart showing the experimental work.
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Practical Part

Preparation of Materials :

Glass Fiber

Glass fibers are the most common of all reinforcing fibers. The purpose beyond choosing
this kind of fibers is for its low cost, high tensile strength, high chemical resistance, and
excellent insulating properties, Figure (7) shows the woven roving glass fiber. The woven
roving E-glass (E-200) with orientation of (0°/90°) has been chosen to fabricate the tubes
around the mandrel.

Figure (7) : Typical picture of glass fiber

Hybrid Fiber (jute-glass)

In this work, hybrid fiber was used; natural fibers are low cost with low density and high
specific properties was chosen to be the second type of fibers used beside the glass to
make the hybrid. The natural fiber used with glass fiber to make the hybrid tubes, for
high properties of both the hybrid tubes to prevent fiber failure modes from a rising like
cracking and delamination. Table (1) shows some properties of natural fiber.

Table 1 Properties of Selected Natural Fibers

Properties Hemp Flax Sisal Jute
Density (g/cm?3) 1.48 1.4 1.33 1.46
Modulus (GPa) 70 60-80 38 10-30

Tensile strength (MPa) 550-900 |800-1500 | 600-700 400-800
Elongation to failure ( %) 1.6 1.2-1.6 2-3 1.8
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Epoxy Resin :

The mixing of epoxy and hardener at a ratio depend on volume was chosen for
fabrication with the fibers to make the tubes. Epoxy resin is chosen because it has higher
values of fracture toughness than polyester and vinyl esters, which may result in superior
fatigue performance of the laminates and the crushing behavior. The cure shrinkage of
epoxies is relatively low at about (3 %) , whereas vinyl shrinks about (8 %) upon cure.
Preparation of Mandrels

There are two geometries of mandrels (square, triangle) which were used in the
fabrication process. The mandrels have been manufactured in the workshop; wood was
used to fabricate the mandrels. These mandrels have the same length. The fiber will be
tweaked all around the mandrel and the resin will be brushed. The tubes, after that, will
be difficult to extract from the mandrel, and the segmentation simplified the extracting
process, figure (8) shows the mandrels .

Figure (8): Square and triangle mandrels.

Crushing Test :

After the fabrication and finishing for the square and triangle specimens, new stage will
start .Crushing test will apply to glass fiber/epoxy and hybrid fiber /epoxy tubes to
investigate which one is the best parameters , the specimens will supports between the
jaws of the INSTRON machine and it will crush statically with a constant speed ( quasi-
static test). The machine used to make the crushing test was a computer-controlled servo-
hydraulic INSTRON machine, this machine was made in England Figure (9). This
machine connected to a computer which saves the results of the crushing test. The
specimens are subject to a quasi-static load with a desire speed of mm/minute.
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Figure (9): Typical picture of the INSTRON machine.

Results & Discussion

Three specimens with square and triangle geometry for each composite tube (glass
fiber/epoxy , hybrid fiber /epoxy ) type are tested. Load and displacement were recorded
by an automatic data acquirement system.

Rule of Mixture
Theoretical results which are computed from the method Rule Of Mixture .From the table
, for the fibre we will use density g = 1.40 g/cc, Tensile Strength Ultima o; = 110MPa,

Modulus of Elasticity E;= 15.0 GPa =15.0 x 10°MPa. In this reserch we will change the
percentage of the fibre in the composite with 10% step from 10% fibre to 90 % fibre
using A-Rule Of Mixture : -

Pe =PV T 0 Vi 0. = oV + oV, Ey = EgVy + EnVin
From the equations previous calculations we can make the next table and graphs

Table (2) Theoretical results for composite.

2 E, Gpo E. Gpo Oensity Kgim? Stress Mpo
0.1 5.946 4.945935 1.166 54.74
0.2 6.952 4.95188 1.192 60.88
0.3 7.958 4.95784 1.218 67.02
0.4 8.964 4.96382 1.244 73.16
0.5 9.97 4.969818 1.27 79.3
0.6 10.976 4.975826 1.296 85.44
0.7 11.982 4.98185 1.322 91.58
0.8 12.988 4.98788 1.348 97.72
0.9 13.994 4.9939 1.374 103.86

74




Journal of Iraqi Industrial Research Vol. 4, No. 2 (2017)

, Vf, Stress curve
Vf, Density curve

90
80
70
60

%1} 50
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1

——Vf, Density curve —Vf, Stress curve

Figure (10) Volume fiber versus density. Figure (11) Volume fiber versus stress.
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Figure (12) Volume fibers versus elasticity

Crashworthiness Response :

The crush time is one of the most important parameters to characterize the vehicle
occupant damage. The maximum failure load for the experimental results (Fmax=49.61
kN). Theoretical results which are computed from the method reported by Guoxing Lu
and Tonxi Yu. [1].

Energy Absorbed (EA) EA= [5 Fds =F( (5f —5i)

Volumetric Energy Absorption (EV) Ev =%

A
r
Specific Energy Absorption (SEA) SEA= f{—“’

From the maximum failure load (Fmax=49.61 KN) and the average crushing
load(Fav=16.41 KN) are calculations of the crashworthiness and the total energy
absorption (TEA) . Figure (13) shows the load displacement curve.
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Crushingload versus the Crushing Displacment
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Figure (13) Shows that the load displacement curves of the experimental results
obtained from this research.

The purpose of this research for the Vehicle design are:-

1- Fuel economics: - Because of the lightweight of the composite materials, the fuel
consumption will be reduces.

2- Safety: - The crashworthiness of the composite materials ought to be able to dissipate
more of the Kinetic energy associated with the impact than conventional metallic designs.

Summary

From the literature review study, the findings will be:-

1- Composite material is identified to meet the above necessary requirements the effect
parameters like geometry and materials (glass, and hybrid (glass + jute)), will have on its
energy absorption capabilities.

2- Thickness of the composite tubes effects on the crushing behavior under impact test.

3- The composite materials area become a very interesting field for researchers for its
lightweight, huge ability to absorb energy and good mechanical properties.

4- Composite tubes used in many applications like automotive, aerospace and
transportation especially square and cylindrical tubes.

5- Even though composite materials fail in a brittle manner unlike the conventional
metals, if it designed properly, in which the specific energy absorption capability of
composite tubes is higher than conventional metals.

6- For the impact test the hybrid is rarely used, so, it must taking into account studying
the composite structure response with this technique.

7- Thickness of the composite tubes effect on the crushing behavior under impact test.
8-Majority of the work on fiber/epoxy composite tubes is on the behavior of the panel
due to impact, i.e. the impact response, damage resistance and damage tolerance.
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Abstract

In this research the structural modification of starch was carried out with maleic anhydride (M2)
as a spacer by using ceric ammonium nitrate (CAN) as an initiator, and grafted copolymer was
substituted with amino drug such as amoxicillin (M2A), this design of carries for controlled
delivery of therapeutic agent which could release the entrapped drug over an extended period of
time, due to its biodegradable, non toxic and slow digesting nature, the new drug copolymer was
characterized by (FTIR), *H-NMR and (UV) Spectroscopes. Differential scanning calorimetry
(DSC) and Thermo gravimetric analysis (TGA). SEM analysis, The physical properties were
measured. The prepared drug copolymer was analyzed in different (pH) values at (37 °C) as in
vitro study and controlled drug release was compared at zero time and after four days.

Keywords :- Maleic anhydridel Amoxicillin | Drug Copolymer! .
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Introduction
Starch is, the most abundantly distributed carbohydrate in the plant world after cellulose. It
occurs in cereals and vegetables in its native form and is stored in both granular and amorphous
forms. Each starch granule consists of concentric growth rings of alternating amorphous and
semi-crystalline structures composed of amylose and amylopectin Y. Amylose is a long,
essentially linear polymer and only sparsely branched , consisting of 1,4-linked-a-D-
anhydroglucose units. Amylopectin is the main constituent of the starch granule (30-99) % and
it appears as a highly branched polymer comprising of a large amount of short linear chains 2.
Natural polymers are preferable due to low toxicity, renewability, flexibility to modification,
biodegradability and low cost !. Natural polymers such as polysaccharides are hydrophilic,
enzymatically degradable, and are able to retain the stability of protein drugs incorporated in
them as well as increase their (proteins) therapeutic effects !. Polysaccharides exhibit good
haemo compatibility and interaction with living cells ©!. making them compatible and suitable
biomaterials for long systemic circulation and targeting. Modification of natural polymers are a
means to overcome their setbacks such as drop in viscosity, microbial degradation, and partial or
low solubility. In addition, modification of natural polymers enhances their drug delivery
properties and versatility. Modification should be undertaken such that the natural polymers do
not lose their biological properties. Methods of modification include grafting, crosslinking,
derivative formation and polymer-polymer blending 8] Amoxicillin is a white powder, Soluble
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in water with Molecular formula (C16H19N3OsS) maintained the broad-spectrum activity of
Ampicillin, but with increased bioavailability . It is dissolve fast, has a high solubility and a good
stability if the (pH) can be buffered at 8. Amoxicillin is one of the most important commercial
antibiotics due to its high bacterial resistance and large spectrum against a wide variety of
microorganisms 1. it is effective against a wide range of infections caused by wide range of
Gram -positive and Gram- negative bacteria in both human and Animals .. it act by inhibiting
enzymes involved in bacterial cell wall synthesis. Drugs may also act by inhibiting extracellular
reactions . Graft polymerization of starch can be initiated by various initiator system such as
potassium per sulfate , redox pair of Fe,+/H,O, , KMnOg/organic acid , transition metal
ions/organic redactors, and also irradiation initiation, of the redox systems investigated so far the
Ce (IV) ion has received considerable interest , because of its high graft yield and very low homo
polymer formation™® In this research the structural modification of starch was carried out with
malic anhydride (M2) as a spacer by using ceric ammonium nitrate (CAN) as an initiator ™% |
and grafted copolymer was substituted with amino drug such as amoxicillin (M2A).

Experimental :

Instrumentation:

Melting points were measured using Thermal Microscope (Kofler-method), and Reichert
thermovar, Stuart SMP 30. Infrared spectrophotometer measurements were performed using
Shimadzu FT-IR 8400 series Fourier Transform, U.V-Visible double beam scanning
spectrophotometer VARIAN (UV-Vis)-100 Conc, at room temperature. Differential scanning
calorimetry (DSC) and Thermo gravimetric analysis (TGA) were recorded using Shimadzu,
Japan.

A-Preparation of starch graft maleic anhydride (M2) :-

Starch sample (3.0 gm, concentration 0.018 mole) dissolved in (25 ml) of acetone, (1 ml) of
ceric ammonium nitrate (CAN) (0.1 g), (3 g), of maleic anhydride (MA) (0.03 mole) was added,
the mixture was introduced in polymerization bottle, and heated about (30 min) at (60 °C), using
water bath, the green color product was produced (90 %). Softening point (122-132) °C .
B-Substituted of (M2) with amino drugs (M2A) :-

Starch- g-maleic anhydride ((0.30 g), (0.0011mole)) (M2) was dispersed in (5 ml) of Acetone,
((0.50 g), 0.0013 mole)) of amoxicillin dissolved in (5 ml) of dioxane, (0.5 ml) of (DMF) was
added to the mixture, the mixture was refluxed with stirring about (1 hr) at (90 °C) , the
colored solution was filtered, the filtrate was isolated and the solvent was evaporated , the
brown product (M2A) starch-g-[N-Amoxicllinyl male amic acid] was washed with di ethyl
ether two times and dried at (50 °C) in a vacuum, conversion (80 %), Softening point (125-
150) °C. all physical properties were listed in table (1).
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Table (1) Physical properties of prepared Polymer

Pol. No -Drug Color sS.p°C Conversion %

—CH—C/IS-NH S
M2A pRNa Brown 125-150 93

Amoxicillin

Starch can be grafted as main chain of backbone of polymer, it was polymerized and initiated by
various initiators™?. Among the various types of redox initiators, ceric ion offers many
advantages because of its high grafting efficiency. when (Ce*™) salts such as cerium ammonium
nitrate (CAN) is used as initiator in the grafting of vinyl monomers onto glucose, at first a ceric
ion—glucose complex occurs, and then it decomposes to cerous (Ce*®) ion % and glucose
radicals created by hydrogen abstraction from glucose .Thus, The radical formation on the
glucose backbone occur on the oxygen atom™* **!. The —OH group present on the backbone of
starch polymer acts as the active sites for the graft copolymerization

Graft co polymer was prepared by the reaction of starch with maleic anhydride by using ceric
ammonium nitrate as a radical initiator. new drug polymer was prepared by the reaction of
starch with maleic anhydride and substituted with amoxicillin in scheme below

60 9C

Starch—OH +  (NH4),Ce(NO3); —— Starch—0+ + Ce™ + H”
cerium ammonium (IV) nitrate Macroradical
9]
| o)
+
0
Maleic anhydride
Starch
| Starch
o] o é o
OH H H
HoM M, 2.5
O H H H Reflex 1 hr - 0 +
™ .5 - — s o
" ah Ve o
o H OH X
8] T
H r
Amoxicillin Starch-g-maleic anhydride
M2A

Scheme (1) starch-g- maleic anhydride and Substituted it with amoxicillin.

80




Journal of Iragi Industrial Research Vol. 4, No. 2 (2017).

Result and Discussion

Figure (1) (FTIR) spectrum of natural polymer (starch) showed absorption bands at (3290 cm™)
of (O-H) group and (C-O-C) ether absorption bands at (1012-1149 cm™), band at (2928 cm™)
due to (C-H aliphatic) stretching.

Figure (2) FTIR spectrum of (M2) starch grafted maleic anhydride gave the characteristic
absorption bands of carbonyl group of anhydride bands was appeared at (1776 and 1855) cm™ in
addition to the starch backbone absorptions.

Figure (3) FTIR spectrum of (M2A) starch-g-[N-Amoxicllinyl male amic acid] copolymer
containing hydroxylic group as characteristic absorption was appeared at (3257 cm™) in addition
(-NH) at (3161 cm™), absorption of amide (CONH) appeared at (1647 cm™), band at (1716 cm™)
due to (C=0) stretching vibration of acid . other bands of the compounds are listed in table (2)

Table (2) FT-IR absorptions of grafted natural polymers (Starch) with maleic anhydrides
and substituted with drug Compound (amoxicillin) [M2A]

Comp | v(0-H) | v(N-H) | v(C=0) v (C=C) v (C-H) |v(C-0) v(C=0) v (0O-H) v (C-N) v (C-0-C) v (C-H) v other
No. cm? cm’?! cm’! cm’? cm?! cm’! cm?! cm’?! cm?! cm’?! cm’! band
alcohol | amide amide Aromatic | Aromatic acid carboxylic | carboxylic Ether aliphatic cm’!
starch 3290 _ _ _ _ _ _ _ _ 1012 -1149 2928 _
broad Strong
_ _ _ _ _ Anhydride
M2 3209 1327 1703 2400 -3500 1080-1213 2874-2968 | 1776-1855
Strong Very broad Strong
M2A 3257 3161 1647 1512-1539 3095 1249 1716 2400-3500 1384 1004-1220 2928 _
Strong Strong very broad strong

The *H-NMR spectrum of prepared polymer (M2A) starch-g-[N-Amoxicllinyl male amic acid]
was showed in figure (4), which showed the following signals

((1.51 ppm) (Singlet, 6H, 2CHj3), (2.1 ppm) (doublet, 1H, CH-S), (3.4 ppm) (doublet, 1H, CH-
O-starch), (5.4 ppm) (Singlet, 1H, OH for starch), (6.2 ppm), (Singlet, Ar-OH), (6.6-7.3 ppm)
(Multiple, 4H, Aromatic ring), (8 ppm) (Singlet,1H, CO-NH)).

Starch

Structure of M2A

WI

OoH
N R : -5, CHy
O
OH
OH 9
Controlled drug release :-

Release of (M2A) was studied, (100 mg) was added continuously in (100 ml) buffer solution at
(37 °C). the wave length of Amax Was measured at different periods and different pH values (1.1 —
7.4) by using (UV) spectrometer. These samples were analyzer by (UV)- spectroscopes
periodically withdrawn for every days, it was appeared the sustained release by measuring the
mole fraction were constructed from (UV). indicated the rate of hydrolysis in basic medium is
higher than acidic medium™® .
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Thermal Properties of polymer drug 1** :-

Thermal stability of prepared polymers were investigated by (TGA and DSC) table (3) (TGA)
showed the results of some prepared drug polymers which indicated the high thermal resistance
and showed their steps of weight loss-temperature. This high thermal resistance indicated the
high interaction between amide hydrogen bonding through the polymer chains and led to best
sustain drug release. Several thermal stability parameters were determined from TGA and DSC
curves as shown in table (3) and table (4).

Table (3) TGA Analysis of some polymer drugs

No. drug polymer Temperature Losses weight (%)
M2 167, 305, 380 21,38,39
M2A 254,458,533 38,44 ,21

Table (4) DSC Analysis of some polymer drugs

No. drug Polymer | Onset Temp. (°C) | End set Temp. (°C) | Peak Temp. (°C) AH (J/9)
M2 107 154 115.6 82.74
M2A 190.1 236.1 198.8 70.6

It was concluded that the thermal stability of drug polymer was more than the drug alone this
cause more expire date and more protection of the drug satiability.

Scanning electron microscopy (SEM) of Some polymer drugs :

Microstructure obtained by SEM for the starch showed that fracture surface of starch exhibits a
smooth laminated structure. Comparatively, the fracture surface of grafting of maleic anhydride
with starch and substituted with amoxicillin (M2A) starch-g-[N-Amoxicllinyl male amic acid]
seems coarse ,indicating and improved the grafting.
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Figure (7) UV Spectrum hydrolysis of (M2A) in pH (7.4)
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Figure (9) SEM for starch
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