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: D Diffusion Coefficient :
4 : L 4
* € Strain .
L 4 (] Stress L 4
. - .
: Thermal conductivity coefficient :
¢ o; Volume fraction of compound ¢
: Represents the quantity of heat flowing through :
¢ e the cross sectional area of the specimen per unit ¢
* time. ¢
4 | 4
L 4 Hm Enthalpy of mixture L 4
L 4 L 4
L 4 Sm Entropy of mixture L 4
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Abbreviations Meaning

ASTM American Society for Testing and

Materials

DP Degree of Polymerization

UP Unsaturated Polyester

EP EPOXY

R.T. Room Temperature

C.S Compression Strength
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Jadll e S e () 1 adie ol Ldd ()5S el mhans g ey lidaal) el 5 salally

J90]&as 2 (S (Plastic-Work) ¢l

Ao jua g 4l Cunn g ) Sl pladl e uSll 138 22y (Brittle Fracture) gl ,oSll -2
JEY) da ja 5 dreadll (5 sie) (A Bl Gal A o daing s (e 0al s Aday ) (50
o yedaa b zrla SIS AL aiall o gall 8 U 138 ) jpae (e (orinsall dlea¥) Alla y ala 3l
JSEll golae oS Jie sy Bopeay (JSoall Baaie) (S5 il Sy pas aeU

.[90](Conchoidal)



B £ iad) (ALY Jaadl

[91] (sots £55) Aasall JLid) AN (2-12)J8d)

(Hardness Test) éball jLis/2-16-3

8okl Ao glia Ll oy g Balall dans Aol 3 3 daguall A0Sl (gl sal) (e 3230l ()
2 g_yal) JalaaS Ll 5oLl al 53 (mny A8le o) 8din dpali & [92] oain o (3l o gl
Jalre ASHaall 53all Dpa clllia (815 53l sai o 483all oda () SEY & gundll daglie Gl
Gl A Al N 368l & 53 o) [BE]p0kall Alle da o clliai LY ddle dasliay e 4 5e
Jlay g il g al yil) 8 a5 () gase Jand Al 13 ()5 3 gall 33%a e aalay Sl jall
chudl g 5 (A (hadll g adadll 3alall A glaa A 33l 1 ) g3 0 50 138 5 Balall Sl ja A8 ja
Ca) Al Dpallall il (e llia [93]lead 35all oy kall XSy 5l all A 3
:[94] & Alalll 3 gall 323a
.(Vickers Hardness) S 333w -1
.(Brinell Hardness) Ju » 833a -2
.(Rockwell Hardness) J:sS 5 3230 -3
.( Meyar Hardness) s\ 3:3%ba -4
.(Shore D) _ s 323a -5



o Bl ¢ Al N Jeadl)

bl Jarindic D s A4 yhay 4 jed gl LK) yial) 3a3a (il aladin Al jall oda 8 o

‘)\_13;\2“ Jaa c‘)‘)sd\ 31 dlq:a (2-13)@\ 1.73‘)\‘); palatiall éJhSJ EJ\)J A\L}M\ J\jAM (aLM
38 b s A0 i S5 BE 5 soine 5 3en] ) gling ¥ JLGSYI T30 Y Sl
KV PR TEPN e\,}ﬂ\ A s Y Al o) e 8 I Gliaal) () gad pac Laad iyl
oal Al Wil ey LEaY) 1aa, ZUY) 6 Ao sl 5 lagdly dllextind 5 48 o ade 5 LAY
Zasalll (uilad (ae (& Gl anaill Cagpha A SlenSl S il I ) 4SSl

L gl
Durometer hardness test
Applied load Durometer indenters
Shore A Shore D
DLI-14mm DLI-1.4mm
350 3ﬂu
D 0.79 mm-+ R 0.1 mm

[95] 33kall jlgam SN 313 s (2-13)Jsad

A



s B e Al (AL Juadl)

(Compression) 4bliaiy/ jLis/2-16-4

s senll Taiall cand aleadi o)) Aaulall salall (Say dlga) oamil Leily Aubalinail) Cayad
LAY Al ) i) sl sany e Aaludl) 5 daud 4R )l Leuld ()5S
- [55]A5Y! A8Mal) 2la3iuds ddaliaai¥) da slia a dlayl Lias 5, [96]

Force(N)

cross—sectional area(m?)

Compressive strength(Pa) =

O Ao sane L )d Al 4SlSaall Gl il aal (e 481 yiall o sall  Lalaaai¥) ol gl Jiay
Dow , Bosen (fisldl Jid (e (abecai®¥) JSdll o jlai il Caa s A (s (il
Gkl 4 gan g (Bucking Mode) zlxs¥) kaaiy (Mode Shear) g<dll Jaai Lea g
. [97,40] ol o gl daii aliie JSG JSl Egan ) (g5 (35 AS) jiall o) gall 2l
SV Apalal ) sia 53l i) aai g lasi¥) e (2-14) JS e sy

1

REPRESENTATIVE EXTENSION MODE
VOLUME ELEMENT ORTRANSVERSE MODE SHEAR MODE
a b c

[40]olaY) o] Aailiia 4K yic salal adll zlan¥) s a5 (2-14) S

v



o B g sall ALY fadlt
1[69,41] s Llaai¥) da slin Lgle aaind Al Jal gl e
il el by 5358 -1

LY a2

oY aaldl g LY al 6a -3
LI aaall 5l 4
Sl sadll s i gall aas s 4085

(Physical Properties) 4 &l gal sal) 2-17

(Thermal Conductivity) /sl 4dasal/2-17-1

51l ey 3 SRl (e 51l U5 LINA e 2 Ll 58Ul 58 (5 adl a5
Jaca sl 5 5,0 pall Jis e salad) 5,8 uai 3 daalall 51 el dadaial) ol gall ) dllal
.[98] (Fourier s Low)(Leust) o5&l 5 4, )1 jall dblia sall (uld (5 ) jall

e ) [ (2-9)

iy Al Aalaiall) dalue san g ISV Agia ) san g JSU 51 al) (3835 5) 5 jall Gaxi ) g e
(G ol e (53 sac LIS Ladal

Al Ao sl o K o8

e sl Ty U 23 8 s A2 2 AT/ dX

(b5 iSIVY) Al <l )3l e JS JBA (e Agineal) Abiall ol gall (5l sall Jaa sl Caany
& Aaaluall (13 a clig I aga g aaal | platg Avamall jae o gall B 3 Al iy iSIV
(el g€ a o) 3_all il g IV s A0S <l )5l 1Y) 2523y ol all Jua sl
(e 8l Jumdl CBia 9o & alaall U IA U 63 gal) (e ST Adlady 4y ) el ALl Joa 6
S adsdll e Jomgil Ay Clasall el Adiasdll i 5 81 ooleall e
il e (K) 6l a5l 305 (s Qo sl 3 5 0 sl |1 (8 8 sl el ol
[99-101] Y

IV = TEI'Ze (TA+TB) + 2mre [dATA+dS | /2(TA+TB) +dBTB + dcTc]. e (2-10)

YA



s 8 ¢ jad (L Jadll

re cilisall claw (ds) sl e AB,C saf IS 85,0l da 3 4 [TA, T, Tc]eus

3ol S o Jiany (Lo yhad Caal 3 ply (udi (e LdS)lial) Lyl a8 JS Hlal Caiai oo
AUl Adalaalls 45 guenall dia 5 yaall

k{(Tg-Ta) / ds} =e [Ta+ 2/r (da +1 /4dsS) Ta+ 1/2r ds Tg] ... (2-11)

ual AV das oo (dA)(dB)( dc)s Gabaall el 58 ve Gaall JAA e Sl Ll o Cua
Sl e AB,C sl
Diffusion testing Lutddiyy tis/2-17-2

Gl HUail) & A1 ) lSe e salall Ji Lgilabus sy 3 dleall Wil JLESY) Ayl Cayad
A el Al by el G a5 b sl 58 dangy JLEBY) ) 5 A0 gl A 5al) AS all e iy
e ey A () dBge o Sl all JE Gl 3y 5k e 5 B el AS ja Allay ATLA)
iy JLEEM W) s 5 ((Fick's Law of Diffusion ) _Laidd gy ela o 5ild o gLl
(concentration  (dc/dx) S, zo¥ ae (FX) cmlihy X olailhy @il of e
. [102] s~Y\sgradient)

Jidig

Y ann s Aalial) Bas o) AU 58 A )0 sladl W35 5 liiall Claguall 22 :FX
. (Flux of Molecules) <ty sl

S o5l ey (mP/sec) (Diffusion Cofficient) JLisy) Jaae Jici :D

D=1 [ K d/4M 17 - (2-13)

(9/56C”) el (oam i) 3l e A & o 1) il adl) 6 el sa(slope) dad) @K
(Q) (S b dad o) gLl Al Jgea gl ol dad el s M,
(mm) 4l lass :d

Y4



o Bl ¢ ial) N fuadll

o Jslaall 3Ll Apeabiaial e 358 ) el el (yo
Al -1

Aaddiial) ae il Bala g (el alall & g3 - 2
o sl B yerll (a3 -3
(A3 dalaae (oale ¢ (g20l ( madla) dianla s Jolaall g 554

1 s w28 Gl g oLl 35 ) gaiall gz 3lail) ALS yuasd 2 i) Faill Slas¥

Weight gain% = (M,— M,/ M;) X 100% ------------ (2-14)

Jiai
. (g) )“".’J\ dﬁa"‘.ﬁ‘*j‘m ZM]_
[102] (g) el 2o Aisel) 1S : M,



® & 9o o Vo Vo Vo Vo Yo 9o o o o o o o Vo Vo Vo Yo o o G0 o @&
e e & & &6 & &6 &6 &6 &6 &6 &6 &6 &6 &6 &6 &6 &6 &6 &6 & & e

<
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al|
ilall

TR ‘
el

@I 9@ 9@ 9@ 9@ 9@ @ @ @ @ @ <

P P @b af @ aP @ P ap aP @ P @ P &P & d
Q@
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Introduction <eddel/3-1

reil Lo Ganaly (sl Al jall Laadl cailadl J gl Juadl) 12
lelina i g5 ae Ay e gl TaSDIAY) ju caniy A Fiaiall dandiwsall ) g¥ o) gl Cay yas
e A ALaYL o3l yal a3 jlaal JSHi sl liall juaat 48yl g dalall lpailad

Laaley) GlAS g il 038 QIS meaa 53 Al cldaladiall ) sacall (jiany

Used Materials 4latical/ 3 gal/3-2

Y1 3 sall Jlaniad) Ayl 038 A o
EPOXY 0¥/ 3-2-1

53l 455 (POLYPRIM  EP) g 55 (e (o s¥) il Jlawind Sondl 1ia a3

(Thermoset) Ll s salaaiall &l jadd sall s 58 (i saa¥) &80 5 )5 (5l sall Tadalll )
(1.05+ 0.05 g/ml) 4mUS s (o seS) it o5 3 Al s3la sl (o (5% 53
O D o) 58l dadd Al sl 94 9 MPDA g = 0= (Hardener) saliaal) 3alall calizai
. (Henkel polybit Industries Ltd) 4S & J& (e giuaall 5 (1:3) Aty @lld g il HI Calads

Unsaturated Polyester Resin ~ gudall o8 _dsf A gll g2iif 5 3-2-2

oWy il Jiba sl o Al Aol il i il sl ) sl o3
iyl e 1,00 138 25 (1.13-1.2 g/ml) 48ES () s aliaic sa 5 (UPE) 4 gl
055 e i) a5y g 55 e Al alaall ALl w5 das Al Aall ) dallaall AL
A 5l Ay Adeasale I said (100g) S (29 ) Aibaal Ay s (MEKP)



PN G fadl

Magnesium Oxide agesdall LS 9/3-2-3
mre alu e gl anh ¥ gl S 50 58 5 MO (o 4 At jall Lapall o saviaall 2 )
= QLA AL 5 28 5l 5 ) s s 3 B (3-1) G 8 em se LS anl O o1 539 5 AnS )l
Sl Claiiiall 4 68 5 Add JalaS o sirall 20uS ) aladinl (S (2%WE) a5 sl
sl SO g Eluall g zla 31 8 al s (Sl e addii 5 Aadldl) ol V) il dylalladll 5
zoase 52 LaS (93.08%) o sassizall S o) (§ gaine B 5l &l 5 3gaa]) VLl (als 2
AS 55 J8 (e il (XRF) pasd S (e Lt jre a8 Al g Galddl (3-1)dsaals

.(BDH Chemical Ltd Poole England)

(MQO) pssessiseal) 20 5l (3 sanan (3-1) IS



(A g jad) SN Juadl)
Zinc Oxide ¢ i) L8 9/3-2-4

el sl a1l e 35 50LAS i 3 (e Al 20 5] (3 saann plaiad il all o34 b
ad Al Aapaall g Aail ) asae 525 (3-2) IS 8 LaS (il (8 sause Blign )5S0 Cas
(RIEDEL-DE HAEN AG SEELZE-HANNOVER)iS yé (1« giadl5 (ZNO)
) Al BalaS w5 JS5 ardiv g elall (8 QLA QW8 pue 45 6K G AT o oy
Gyana 545 ol s (ko) il jLal) Laldaall 5 oSN 4 L iy sall iS¢y apaal
IOLA (e L pma o 5 alall ((3-2)J 52k em 5o 58 LS (93.90 %) (e Ja)l 208 5
(XRF) asi

(ZNO) Caa Al 3 i (3-2) Sl



Laell ¢ sl G fadl

Ll gill GBI govicad Ja) 10 3-3

Cilua gadl)
[ 1 |
T —

l ‘
e

JLeale U'_g‘);\&\.“ QMM\JQM\@MSJA\)AGAﬁ(B-l)LLM

> [« 1<
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Preparation of Polymer Blends — <radgd/ 4bIS) paai 3-4

Hand Lay-Up ) 4 sl 4. gall 48y jlay 4y yeal sall CllalAl) juiast 3o jall oda o8 a5
Gl 8 Leraa s (3-3)Jsaalls A gall onailly 5 4 sl g0 cihala o)l Jae 235 « (Molding
A LIa) 3Lt are Glaaly (15%15%0.40m) Sasly s G vse 4 fiat g 4 adaiio§ ala )
eabaaill 48 5l 3 ) ya da )3 oLl (10) s Hlalall & yig ¢ gLl (3 )5 auia g o 4 el sl
(Post Aalladll Lulee plail Jal (e (50°C) 5,0 Aa oy O Al (8 b gl Cuaa g Ladey
b laidll 8 i 50 LS (ASTM) dial g0 rn Sl giaaall adadi a5 ladas o¢( cUMING
s’ o3 (B0%EP+20%UPE) Jiai il 5 (5 yadd sl Jandall Joad) Al jlidly 5¢(3-4)
62 il sl Al I (M) psissiiiall 2 5l (§ gaise Ailialy 53 yiiall 48 siall salall
L)) A8) il salall el (4,8,12%) 4dbise 4 ) 5 iy 5 (eba) 33l 5 liic by Juad) duiail)
i (N (ZNO) Cpa J3N 2S5l (3 gaiia 5 (MQO) psmmstiiall 20uiS ) (§ snnin Adlial o
ARl 4 5 sl anl) (i g (5 e sall) Jadal)

Dl A Jaadl HUERY A g8l 4 el gal) Al a5y (3-3)J s2a])

Ll 4 giall duadl) dhalil) a8
90%Ep+10%UPE 1
80%Ep+20%UPE 2
60%Ep+40%UPE 3
50%Ep+50%UPE 4
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~ SamplesDimensions

 Specification

Impact
Test

v/

."I:n;.. t

éﬂﬁl:ﬂl

150-179

I: LT
Tensile , — F ASTM-D638M
Test f ‘ idnim ‘_ \ |
” S 14

Compress

ion Test

ASTH-Da9

Hardness
Test

L
A:‘L’-‘L{

ASTM-DZ2240

Diffusivity
Test

+ lmen *

ASTM-D570

Thermal
Conductivity
Test

[‘4 4 mmi

X
LI

Lee's Disk

[7] (ASTM) ial 50 B 5 & 3aill dpudil) a1 a3 (3= 4) 52

e
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Preparation of Immersion Solutions et/ fullaw pu2ai3-5

A ) mela Jslae juinal a3 Gl 5 (H20) kil sl aladtod 23 yall o34 3
O Cuany (0.05N) 4l s aisall (NAOH) s soall 2S5 0 3228 5 (HN O3,

Bl

:‘;_N\

OSoall Gaslalldy jle 0 Ny
‘)S‘)"J\ U‘“‘IAJ\ o= :Vl

(aidd) (aelall 4 5le :N,
REPUEN|PEEN{ IRV

‘)Jas.d\ cw\u&uwjiyn@ﬁ‘_gw\o& @Ajumué (Vl)euulcd)mﬂ\h.tj
eall daatall e ) b s e slae Gl Jpeand] s i Led s

Samples Immersion in Solutions  Jallaall & zilalll jué 3-6

el b zilail) et &5 GlSC daiadall Ao V1 8 Lgaia g5 perd) Jillae juasd &5 Ladey
LAl (NaOH)psrsall 2S5 ma 32cldy (HNO;) <lyiill (adlay (Hy)0) kil
A5¢(10*10)mm Se¥) Gl dpalaiall Gle ekt (Ally AN A dall 4 e sl
Ol el Al g3 sl J8 Ll Can (O 2ay Caidall (aalalls sacldlly clall & Ciliall et
Aol o el 2 Al a3 ) sekall Zalaill aread dpilly eddl e & sanl 55 50 2205 bl
obeadl Ol jaally jerll a2y LAl Clus &5 «idia g (Stainless Steel) (o ¢ suae bl
Aanil) G Q5 (i all 350 s A g bl T 3aal o painl 5 £ saad JS e Aleall @) S
Jalza el 4Y) sl (g 322l 5 (oaaladl g olall i 5 ) gareall rlaill ALY 6 jnill 4 gaall
(2-13)(2-14) Askaal) (G i (58 (ge i (D) ALY



Aael) £ jad) S el
The Test and Used Equipment — latiwal/ 5 jgady <l Lisy/3-7

0da ‘:A 4:\3\:\):\51\} il Sl P EQE Alaxiicall o)@AM L) il (paaialy ) s

Al
Tensile Test Instrument &/ JLds/ jlga 3-7-1

sle s el agall o) g salall A lalea) m38 Co g Bala e (38) 5 Jaa Jaalad 2 Ladie
Aabowall 3as ol 41 ghuall 3 4811 g 32l

B

O Cus
(MPa) s (N/mm?) sea¥) Jisi ;o
(N) 3580 Jici :F
(MM?) g sall el dalise Jiai : A

Lavie m jall Lgadaia (8 Lgiloaiy ALK gk 30y o daad () 2l 548 i (F) o
el Lalgal sS8 (A) adbiall dalue culS 1)) (Tensile) dad cldlga¥) (S
s 23l G Jay) ol (Strain) JeiiYl dea¥) e gl sl A sl e s (F/A)
oY) Adlaall 3 LS La¥) Jghall I Jshally sl s

LT U/ Y (3-5)
O S
S Jlads) Jiai 1€

(mm) La¥l Jghall Jias T
(mm) Jshkll sk 3l Jia AL

Loyl Lol il g el Jadi) candity el JOA Ly 55 5 pe 83ke (g Jaani oy Laic
2 zoase s LS (Hooke's Law) <sa o 5ilay Cojad A8l o 5 4l cansall 2lga¥) as
e 0585 . aall Al (8 ey aiitse ]ad Jiay (2-15) JS&I Jaai¥) — sleadd Sl sl
(Young's modulus) <bi s Julzas Co a5 ¢are Gzl Bl (JladiVl/alga V) asiiusal) Jadll
: OO(E) 4 o5 (MPa) 4iaa 55 (Modulus of elasticity) 4 s sl dalas f
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S Jadlf

JIANQIAO TESTING ) & 55 0 (3-4)JSilly zeaa sl Jlgad) aladiaal 25 LAY 3¢y
Jaenid Jlgall Joadi iy Wamy 5 Led paradall Gl (8 Al Cui o3 Cus (EQUIPMENT

S aal leall LS Gk (e e ey oY) s JEY) e dial) 08 e ealial)
ua;ﬂ\ c\JA\ d.\g :\.u\)ﬂ\ L.é baaizall (ASTM) [GETEN KW | J\_ﬁ;\ C.J\.A.i @a}j d\s.&\)”:\_gaj\

Loy g lgle

N s e et

-

i

2l sl Slea s (3-4) JS
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Blend2+ Blend2+ Blend? ,
+
12%Mg | 8%MgO en

nd2

Blend2+
8%MgO

Blend2+
4%MgO

andll s 220 sl e (B)

kil S all 0l sl cilie (3-5) J<al



Laell ¢ sl AN )

Blend2+12%
(MgO+Zn0)

Blend2+
8%(MgO

Blend2+4%
(MgO+ZNO)

Blend2+
8%(Mg
O+ ZnO)

Blend2+12%
(MgO+Zn0)

BIend2+4%
(MgO+ZNO

il 2ay 280 L) e ( B) sl Jgadll L) i (A)
el Sl 22 LS e (3-6) U<l
Impact Test Instrument et/ Lis/ jiga 3-7-2

238 b a3 ¢ Balall Al e gl loan L€y LAy 15 oDy sllaall 5Ll Cilual
Test ) 80 (e c_l.a.d\} (Charpy Test) =l &5 darall HLAA) Sl aladiul A Hall
O sl e B paadll A5,k o35 (Machines INC. AMITYVILLE, New York
sl aadall Sl & Al iy s g Jas iy pli ) ol ) A8kl a3 DA
s U A4S ay Gl e Al Aliall aladtinly Joaill 5 oag o8 Bl (ilie jpbead laaey
s Bel AT 10 Alal) oS 8 Abe 3 giall o 5ally A ja il ) ALK BB e
Aall 5ol 2 A ol i
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SILY fuadl

Blend2+
4%MgO
I I | ’
|
:

Blend2+
8%MgO

Blend2+
12%MgO

Blend2

Blend2

+4%Mg
Blend2+ Blend2
12%Mg 1 I l\

Blend2+
8%MgO

ol ae deaall jliaf cilie (B)

- 3ial) ) jiall Rareall Uil cilie (3-7) JSAl



Laell ¢ sl G Sl

Blend2+
Blend2+ oen Blend2+4
12%(Me 8%(Mg %(MgO+
0+Zn0) 0+Zn0) 710)

Blend2+
8%(MgO
+Zn0)
Blend2+12%
(Mg0+Zn0) Blend2+4

I ‘ | %(MgO+

Zn0)

111

oanill s el il clie (B)

ol S) el deaall jlaal Gle (3-8) Jsal
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Hardness Test Instrument  sbal/ JLis/ jlga 3-7-3

g padinall Jleall ¢ 535 (Shore D) 4&s ey il sa3all (b HLad) 2l jall sda 8 o
Jend ol e OS5 552 Ol 85 (Shore D Hardness Tester TH210) sa sy
el A8 e ey (2 a8 1 Jonos oy W aay g Abal) e (3385 5 ) JSG e 3lal
saleall clidataall y SR 850 (bl 3 4alasinl (D) b oibie cilalasind aal (ha s
A jal) s a A d 3 IRV 18 Sy a5 5 jall de gUadl) SO Jie
Compression Test Instrument — Lbleaiy JLis/ jlga 3 -74

alisall (5 gandl Jazazall con salall aleati dlgad e oLl laaaiV) da slia iy ya LSy
(Ley Bold g 55 (s oSl omed) paSall Slea alasinl o5 Cligell lalauail) da glie lual
d5a ge £)3 dalu g s2cldll e Al i S5 (13-9) JSA 4 WS Harris No.36110)
ol jhiay @lld 2z s ¢ Sleall AoV ol ae Al rdas (el ey o)) (A (Ao DU Sleally
deany o)) A Al Lo Jaad) daliy laaay o3 Lalual) Jaall 2 | 8 3 s 5 leadl 3 5a sall
Al LShiad Jalaai™] 4 glie e i s 5315 (Dial gauge) cbiall el 8 a5 Ladey ol
LolaaiV) Ao glie (el 5as 55 4 jal) 50 ya Aa oy Ganidll o) jal ahys uSll Jseas dlaal
Sl il (S5 (3-10) S Gy b mua s (2-8)483Ml, (N/mm?)5/(MPa)
gl 5 2 il




Laell ¢ sl G Sl

il S il Al aiy) e (A)

Blend2+ Blend2

12%(Mg +8%(M

0+Zn0) gO+Zn
0)

Blend2+4
% (MgO+
Zn0)

g S il dpllecai¥l i) clie (B)

Al 530 iia) S) jiall Abhlacai) (asid (3-10) J<a
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Thermal Conductivity Test LuLal/ Lluasilf (wld jlga 3-7-5

Instrument

Cua (3-11)JSal A (e LS s(Lees Disc) o se i Sles alasind &4l jall oda 8 o
Juai) 4 oy Sleadl Juae 5 Sliad) aaad (5 )l adl Jia il e lsa LSy 41318 (40
A )35l )8 LSy 5 W) Ga 8l (AN doay (i oy o3 Gl (AN Gacsall (31 5l
o Lelalide ym gl jlaall aaiuls (°C) (T, T, Te) A5G al 31 genl s )yl
Dl daS s (mm) (1) gl sk Cias so(mm) (dS) ool clas 4 jea (e cllyg ) il
«( 6VOlt)es sbmn 5215 (V) Galall Ld )kl agall (5,85 (0.25Ampere) o (1) <l Ll
Al S ol dalisa Ban 5 e 3 jlall 4y ) ad) A8l daS Jid il 5 () A s LSy
5 (K) Bl dlaa sall il LSy Uil s (2-10) Asbaall alaindy (W/m. °K)
(2-11) Aaal) B33 (e (S 4dban X (W/m. °K)

Al all Gdua gl sl jlea (3-11) Jsal



Laell ¢ sl G Sl

Blend2 Blend?2 Blend2
+12% +8% +4%

MgO ‘
8 MgO Blend2 ‘

iial) S il e (A)

Blend2+12% Blend2+8% Blend2+4% |
(MgO+Zn0) (Mg0O+Zn0) (MgO+Zn0O
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Polymer Blend Impact Strength (KJ/m?)
Blendl 7.12
Blend2 *7.18
Blend3 6.92
Blend4 6.74
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Samples Impact Strength (KJ/m?)
Blend?2 7.18
Blend2 + 4%(MgO) 457
Blend2+8%(MgO) *7.41
Blend2+12%(MgO) 2.71

Blend2+8%MgO
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Samples Impact Strength (KJ/m?)
Blend2 7.18
Blend2+ 4%(MgO+ ZnO) *27.33
Blend2+8%(MgO+Zn0O) 8.92
Blend2+12%(MgO+Zn0) 7.96
30 - Blend2+4%(MgO+
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25 -
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Samples Young coefficient (MPa)
Blend2 8.87
Blend2 + 4%(Mgo) 12.5
Blend2+8%(Mgo) 13.79
Blend2+12%(Mgo) 11
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Young coefficient(MPa)
co

Samples Young coefficient (MPa)
Blend2 8.87
Blend2+ 4%(MgO+ ZnO) 15.2
Blend2+8%(MgO+ZnO) 10.46
Blend2+12%(MgO+Zn0) 9.75
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16 - Zn0)
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Samples Tensile Strength (MPa)

Blend2 7.74
Blend2+4%(MgQO) 7.19
Blend2+8%(MgQO) *8.30
Blend2+12%(MgO) 5.97
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Samples Tensile Strength (MPa)
Blend2 7.74
Blend2+4%(MgO+2Zn0) *8.09
Blend2+8%(MgO+Zn0O) 4.83
Blend2+12%(MgO+Zn0) 4.68
9 - Blend2+4%
g | Blend2 (MgO+ZnO)

Tensile strength(MPa)
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6 Blend2+8%  lend2+12%
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(Hardness Test) sbal jLis/4-4
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Samples Hardness Shore D

Blend2 61.5

Blend2+4%(MgO) 61.83

Blend2+8%(MgO) 61.85

Blend2+12%(MgO) 61.91

61.95 -
619 -
61.85 -
61.8 -
61.75 -
61.7 -
61.65 -

Hardness (Shore D)

61.6 -
61.55 -
61.5

61.45 . . T T . . ]
0 2 4 6 8 10 12 14
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Samples Hardness Shore D
Blend2 61.5
Blend2+4 %(MgO+Zn0O) 51.40
Blend2+8 %(MgO+Zn0O) 49.62
Blend2+12 %(MgO+Zn0O) 49.12
70
60 \
g% — -+
§ 40
g 30
10 -
’ 0 2 4 6 8 10 12 14

Cned) S i) 73l guenl 5 8 (4-12)JS)
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i) (sl 5 € s Jie Ul s saliatiall cilasil )5 ola IS Akl ol sall Ol jaas (e
Cgal) Jaad Cun [68] 230 dea¥ L slia 4 jlia dlle Ll daglie dllich audall e
o3 Jaxid Ll da sl dlla 8 Lol eV 3 il (3lalie Slliay (3 s8ll) salall i 535 all

e daliail e slia o sall 038 @) Laad 131 (3 ) S e e sl

dalise 4 )5 canil s 33 jdk) A8 yid) salall Jaleai¥) daglia o za gy ((13-4) JSall
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Compression Strength(MPa)
Sample
Blend2 4.03
Blend2+4%(MgO) 7.04
Blend2+8%(MgO) 6.14
Blend2+12%(MgO) 6.04
8 - Blend2+4%

(MgO)

7 - Blend2+8%  Blend2+12%
(MgO) (Mg0)

6 -

5 -

Blend2

4 -

3 -

2 -

1 -

0
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Jiay s(4-14) J8& e s(Ep+UPE+MgO+Zn0) Al 4S) yiall salall 4y
2S5 5 4 sannrineall 20 6f e JST A8lzaal) 4 ) o)) Gl pa JaliazadV ) da slie o (g 4830l
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el S jiall e asend ddaliat¥) Ailia i (11) 8 Jsaal

Compression Strength
Samples
(MPa)

Blend2 4.03
Blend2+4 %(MgO+ZnQO) 3.72
Blend2+8 %(MgO+Zn0O) 4.70
Blend2+12%(MgO+Zn0) 3.98

> Blend2+8%

Compression Strength (Mpa)

45 - (Mg O) Blend2+12%
Blend2  Blend2+4% (MgO+_Zn0)
4 (MgO+2Zn0)
35
3
2.5 -
2 -
1.5 -
7 -
0.5 -
0
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Aakbiail jiul Joll g (oS gu¥) @lliay ja¥) Aol A 45 Aagdl 5 33 585l 4S) jial) 3alall (e
sl 5 oS sV (g IS S 6 pshaal) cansilly s BANI ALl e Cum A 3 5o Legi oS Alle
J111 kbl e g aiilin o Unilas il
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Thermal Conductivity Test Lulad dbua sl Lis/ milii 4-6
Results

305 Al 4 ol 5 F ) ) Al sall (s 283 e 55 (530 (4-15) S (o
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Thermal Conductivity(W/m.°K)
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Samples Thermal conductivity (W/m. °K)

Blend?2 0.5365
Blend2+4%MgO 0.5063
Blend2+8%MgO 0.4774
Blend2+12%MgO 0.4082
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Samples Thermal conductivity (W/m. °K)
Blend2 0.5365

Blend2 +4%(MgO+Zn0) 0.4333

Blend2+8 %(MgO+Zn0O) 0.4637

Blend2+12 %(MgO+Zn0O) 0.4971
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Juladd dad el el (1.90x10 12 m¥/sec) il Com (Ep+UPE)  soed sl Laylall
(20.53x10722  ualy (4%) desill CilSa 3 Ep+UpE+MgO)2_miiall 81 jiall iy

.m?/sec)
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[118] AilaasSh Jallaall e gliay o jaaad Sy AS0A (e g 53l 20

e (8%) Al cuSlial a8 (Ep +UPE +MgO +Zn0)cnaedl S yiall dvailly Lal
sl s 85 (11.74X10712 mfsec )il i (HpO)slall b Juis¥) Jalaal ad
Jdbral da e 3 ydiall o) iall (496) Al CaShial 28 (HNO3) mnslall Jstaalls
Ol S yiall Al W) (19.23X10712m2/sec) sl s caslall Jslaall 3 Laiy)
(15.250X10-12 m2/sec) sl Cua Lyl deladl 4a e )(1206) Aol < Sliafi

el dad e (49%6) dil) caSlial 3 yiiall oS jiall (aeldll Jlaally yasll i
o) (8%0) Al CiSlia) 288 (pagl) ) yiall Wl ¢(16.92X10 12m2/sec) cualy s HLESY)
. (33.16X10 2m?/sec) JLiisy) Jalaal dad
A S iall (H ,0)elell b HLiiiy) Jelas o (14)ad Jsaal)

Samples Diffusion coefficient (m?/sec)

Blend2 1.90x10712
Blend2+4%(MgO) 20.538x1012
Blend2+8%(MgO) 5.8614x10712
Blend2+12%(MgO) 6.1314x1012

il () al(NAOH) a2l Jplaall b iyl Jalas o (15) &) Jsaal

Samples Diffusion coefficient (m?/sec)
Blend?2 4.5216x107%2
Blend2+4%(MgO) 16.927x101?
Blend2+8%(MgO) 9.3735x1012
Blend2+12%(MgO) 1.821x1012
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kel S)iall (NHOg) easlad) Jslaall 3 LY Jalas o (16) a8 J sl

Samples Diffusion coefficient (m?/sec)

Blend?2 12.870x1012
Blend2+4%(MgO) 19.23x10°12
Blend2+8%(MgO) 2.78x10712
Blend2+12%(MgO) 2.498x10712

gl &S il (H 50) slall 8 Ly Jalaa o (17) @by Jsaal

Samples Diffusion coefficient (m?/sec)

Blend2 1.90x10-12
Blend2+4%(MgO+ZnO) 8.92x10-12
Blend2+8%(MgO+Zn0O) 11.74x10-12
Blend2+12%(MgO+ZnQO) 5 790x10-12

el S il (NQOH) gaclall Jslaall i L) Jelae o (18) o Jsaall

Samples Diffusion coefficient (m?/sec)
Blend2 4.5216x1012
Blend2+4%(MgO+ZnO) 19.571x1012
Blend2+8%(MgO+Zn0O) 33.164x10-12
Blend2+12%(MgO+Zn0O) 12.968x10-12
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gl SISl (HNOg) maalald) Jslaall 8 L) Jalaa o (19)ad ) J saall

Samples Diffusion coefficient (m?/sec)

Blend?2 12.870x1012
Blend2+4%(MgO+ZnO) 7.639 x10-12
Blend2+8%(MgO+Zn0O) 4.157 x10-12
Blend2+12%(MgO+Zn0O) 15.250 x10-12
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Abstract

This Work investigated the preparation of polymeric blends of epoxy resin
and unsaturated polyester resin (Ep+UPE),(Optimum mixing ratio) selection
was based on the results of the impact test. Differential Scanning Calorimetry
(DSc) test showed that the prepared polymer mixes were homogeneous and
the best results was for (Ep80%+UPE20%) blend which exhibited one value
for glass transition temperature (Tg) equal (112°C).

After determining the best mixing ratio, (Ep80%+UPE20%) . There sets of
the polymer mixe samples were prepared the first was the (Ep+UPE) blend,
and then prepared alone composite material consist of the polymer blend
(Ep+UPE) with the different weight percentage of magnesium oxide
(4,8,12)%wt . Also, a hybrid composite material prepared consist of the
polymer blend (Ep+UPE) plus the magnesium oxide and Zinc oxide powder
(Ep+tUPE+MgO+Zn0O) have the same weight percentage as amentioned
above . The preparation process for the composites material was done using
the Hand-Lay up molding method. Also included in this study were some
mechanical and physical test like Impact resistance, tensile strength, young
modulus, compressibility, hardness, thermal conductivity. In addition
diffusion coefficient test was also conducted using chemical solutions that
include nitric acid (HNO3), sodium hydroxide solution (NaOH) at
concentration of (0.05N) as well as distilled water of the results obtained for
the mechanical tests, samples with (8%) MgO powder for the alone composite
material (Ep+UPE+MgQO) had the best value for the Impact strength , tensile
strength and the young coefficient which takes of the values of
(7.41MPa),(8.30MPa),(13.79MPa) respectively.

The Dbest value for the alone composite material was (7.04MPa) for the
compressibility test. The hybrid composite material has the 4% wt of
(MgO+ZnQ) powder possesses the best value of impact strength ,Tensile
strength and young modulus (27.33MPa),(8.09MPa),(15.2MPa) respectively
while the percentage weight of 8% wt of (MgO+ZnO) posses best value of
compressive strength was (4.70MPa).




The hardness test results showed an increase in the hardness value after
reinforcement with the alone composite material , and the hardness value
increases by increasing the weight ratios of the magnesium oxid added for the
hybrid composite material a noticed reinforcement and decrease in the value
of hardness after continue to decrease with the increase in the ratio of
magnesium oxide and Zinc oxide additives. For the physical tests, thermal
conductivity values were decreased in values after the alone composite
material reinforcement. It continues to decrease with the increase of the added
ratios of the alone composite material . The hybrids were also showed noticed
decrease in the vakues of the thermal conductivity after reinforcement , but
increases as the added percentage increases. For the diffusion test , the
polymer mixture (Ep+UPE) had the lowest value in distilled water , where the
diffusion coefficient was (1.905x10712 m?/sec).In the acid solution, the ratio of
(12%) for the alone composite material had the lowest value for the diffusion
coefficient (2.498x1012m?/sec). For the basic solution , the ratio of (12%) was
also showed lowest values diffusion coefficient (1.82x1072m?/sec) . The
hybrid composite material lowest diffusion coefficient value in the distilled
water at the ratio of (12%) (5.79x10712m?/sec), while for the acidic solution
the samples with (8%) addittires processed the Ilowest value of
(4.157x10722m?/sec). The basic solution samples at (12%) reinforcement
displayed the lowest value for the diffusion coefficient with a value of

(12.968x1012m?/sec).
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