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Metal-Polymer
Composites atau
Metallic Matrix
Composites (MMC)

Metal-Ceramic
Composites atau
Mineral Matrix
Composite/
Ceramic Matrix
Composites (CMC)

Ceramic-Polymer Composite atau
Organik Matrix Composite/
Polymer Matrix Composites (PMC)
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:(History of PVC) i8S Jid Je Al (2-1)
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1835 Liebig and Regnault discovered VC.

1878 Baumann observed the light-induced polymerization of VC.

1912 Zacharias and Klatte obtained VC by the addition of HCl to acetylene.

1913 Klatte polymerized VC with organic peroxides and described the
processing of PVC as a substitute for horn and for films, fibers, and
lacquers.

1926 Griesheim-Elektron allowed the PVC patents to lapse; this opened the

door for other companies.
1928 Union Carbide and DuPont copolymerized VC and vinyl acetate.

1930 IG-Ludwigshafen copolymerized VC and vinyl ethers and acrylic esters.
VC was emulsion-polymerized.
PVC was stabilized with alkali salts.
PVC was characterized by its K value (Fikentscher).

1932 PVC was chlorinated (1G-Bitterfeld).
1933 Semon used phthalates and phosphates as plasticizers for PVC.
1936 PVC was manufactured by Union Carbide and Goodrich Dialky! tin

soaps were used as stabilizers by Carbide & Carbon Chemicals.

1947 Barium, cadmium, calcium, and zinc soaps were synergistically combined

=

:(Application of PVC) 1,918 Jidé el ciliydat (3-1)
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eSall 5 ¢ lais¥) lilay g call (elST eSS 5 cctibua Y15 edall i) ¢l jaall 3y 5 el

(PVC) sk (o) el jL) ol 5l 5 &gl (g paall clllin 9181 ) alal) 5 Aail] 5 a3l

I (1) ——————
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e
alall s sl dilee (o (PVC) 258 diad (s (50l ad) Dl aiad) Jls ) sa dl ) ()
120(dehydrochlorination)

(21 il Jaaall 038 (e g D el e el 2y )5S Jiid ol
Ll eSS Jiasa e Al
OSBll Adle 2 gl elliag o
A sha Il (sl HLEYL ey o
Bl oall Gla )d (e (s (penia B A g e Elliay o

A5 S gyl LS el 5 g 3l g Jgalll g Galea¥l 5 ac ) il 5 slall o lda o

s(Literature Review) &bl bl ;) (4-1)

s Jaid o il PDlaaal 5 405 (Hussain) Saldl (uye (1995) aladl
o pedal 285 1Sy pal I ) ALY 5 85 A gmaal) A jall ASLaall & 0l selall Ailaia Laa (yidline (yiidlaia
12 On 7o) 8 Ay Bae (A el e LeilUaind (e 9650 <08 A anl) i) o LAY 35
Gl ) sell iV 02y ya JSIA 5B A 5 () yeh 24 (e ST 5 0l peldall dibaie ) 56 16
[22]

LSS (ailadll e 4yl 5 (2000) 4w & diclen s (Raghi ) Cald) u o
(Indulin Lignin) sk s (UPVC) oall se 2,518 daid J 50 adall (Mechanical properties)
250 dilie 3330 ) ) (5355 (PVC) () ctialld sabe ALl o il < jelal 20 68l) 48 jlay juanall
231 &l g ¢ padll idads vie (Strain) Jessy) 4 cash (Lali 5 (Tensile strength)

Al el sall (2006) 4w & (Chakrabarti and Chakraborty) olaldl ()

Gl il < yedal 285 (PVC/polyalkylacrylate) s i sl ladall (Mechanical properties)

(PVC) 2K Jid Js sl sl (tensile strength) 24 3l s (tensile modulus) 23 Jalas o)
241 (polyalkylacrylate) <l ST JSll g Jaida d8laly ol 33

358 Jid ol gl dslull o5 AT (Caileanl) sl ga2 (2007) plall

Al cilainall (g ) all jeally 5l (S (gl all Jilail) e il ¢ 5iall aa 55 «(Rigd PVC)
[25]
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Mechanical ) 4SSl Gal &l 55305 (Haddadi) Ssldl (a2 (2008) aladl A
vie ALY b o siall) Ll Jaa 3 Al i) <@ pelal (PVC/PU) sl sl ldall (properties
sl el (PU) Gl o (A0 el 0 AdLal 02 35 (toughness) 4kl s (break elongation at) <)
1261 (PV/C)

LSSl ol all e i) Gans 5l 505 (Unar) sl a2 (2010) aladl o
A3 Aalie ala 3 A 5 all Jale il o fall) JaaY Eua PVC ed sd ( Mechanical properties)
271 (L)) & gdiad) 30l ) ae J8 okl die AU1LY) X

4l 5l el sl e s gl Adla) 40 (2011) 4w b 4deles s (Mohamed) caald) s )

JEDY) Aa o sl AS) il sl DSC (asd ¢lal & PVC 33l (Physical properties)

Jalae dad A S Glats ) g2 ala 3l JEBY) da ja3ah ) b sl s Sus | ala 3l
(28] 25 e (M Al a3 (g A el Balall A0S 0al) (ailiadl) o gad () (55052 128 5 el gy

Ce SO ga 5 Balal SuilSaal) & slull adelaa g (Awham) Saldl (s 3 (2011) pladl B
Jia) el w AKulSad) clalga¥) iany il Gl (U-PVC) Cual) e 358 diid Jo g 5
13¢d Leland (500 dpaai g 3alall oda (ailiad 4 )3 JaY @lld s (Flexural strength) sbsa¥) da i
Cagolall die Ganill el jal &3 Aeadl) ol iVl e posill 13 Ll e L Wle Jill5 deaY)
Jaall 5ili caad i) Jead o LebllE (saas oL Lgia slia (L gliil) aasd of Cua 4 jiidall
291 5 5ad ) gy iy 58 La 13) dpuslie an alzazaiy)

O s Gl 5 a3 Gl dee ) (PVC) 33 (2011) ale (8 05 58T 5 il Bl s
a8 A8 yh aladinly 48 all 5 ) s A o die Ayl jaldl dlia il Gl 3 (gl jall Gusl) 48 k) 6-
S LIV g e il €l Al ) s e A1 sl il il o DR () () sl gl 5 o ]
Ll 5 dacaal) salall & 3 o lalaie ) 45 gléte iy Aglua il 30l 5 () (g2 LYY 23gs ac il ()
B0 )l dua il e

Ll sill) 4l sall Gaibadlly 4 5lae o5 405 (Onyeaju) caldl s al (2012) 4w b
ekl 5 (PVC) 258 Jaid A 525 (ashestos Material) oY) sale (e 4l =1 5150 (4 ) jall

I ()
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e
O @ Cuan 83le Gt ) 5190 5 29 5518 i I g (e B22sd) ) el Al il () Canll il
131] EJ“)JAJ.\A}AM‘)JQM‘)I}J\ J\}A]\UAA.G}AM

e Al sl clalall L3l (S, Masti and R. Chougale) clialdl s )2 (2013) aladl

W juaaial Al (PVC/PEG) haula (e ddlise ol 5l (e (5 5a3 Sl 52 ) IS Jiid 50 yedd 50 338

el JLEAY) AT aldiul SR udd &8 dus Gl ag iy Jelad) Lla ikl

Jalaa 5 (tensile strength ) 23015 8 o JLsay) il & elal 5 (Universal Testing Machine)

oS30l ) e AlailY) ) Ay Lal ccuaddsl 08 Lalall (38 ) e (Young's modulus ) <bis
321 &l b ) oK Juid g0 (338 ) ae 45 )Ll ol 31 28 (elongation at break)

binary polymer ) b s ad s Jala juas (Kareem) Galdl s (2014) alall

A (0, 5, 10, 15 and 20)% <led Adlida Ax )5 oy (g sl Jalall 48y jlay pasall (blend
(Mechanical properties) 4SSl pal 3l e (PVC) J) bl i dul ja e 85 (PVC)
(DSC) 5(TQ) siii aladinly 3 panall salddl Aul ja cadi (Quickmast 105) § 5 S s il )
) G i (5 A 9 5l i (Tg) el e i cimgl) )l 130 ) ) e
Aagd J8) 4l Cpaedl Sl o) iy LS s (o)l s Je I3 Al jall a3 sall gl Ayl sl Aglia 51l
elliag Cpagll 81yl b Balil cudaay 288 Ll ol sAll daiilly Ll (551l Jia il Jalaal

1331 anuds Taglal) (e 3 yuiana (5 A LS jiay 43 jlie e§ (D) £ 58 sk 3300

CHS 3 (S il A ) el 5 ASilSaall al sa) 55 )a0 5 (Hamdi) sl a2 (2015) ple
A8l lia) cled Al ASSall G WAY) (s ol ja) & Cus (PVC) sl g (pilias
Calaii ol jall 48 58 o JLaaW) gl & jedal 4l jall dlia gil) sl ) ALY sadlall 5 oLyl

(341 3, sall ddua gill 5 A0S0 Gal Al) aren 3 L8531 AS i e

A5 ol g 2] o A3 aladils 4 jadd g0 LS Sie (2015) ple & (Al Saldl s

A8 GUILS (SIC) oSl a S5 (Si0,) Wbl yili 4 53 cadi Cua (%10,5,3,1) 4ilida
LSSl la il ciy (PVC) sl Jid (Jsall LSSl 5 4l jall g 4S5l Gal &) e
Allia () 5 g pall g 28l Gl s & Liad Al () (@l gy Jalaa s ¢Sl die AUaiaV) cadll 3 8) Jie
558 Cala )l Cua (3%) S ) aie (SIC/PVC) 5 (SiO2/PVC) s yiall aill 3 8 4 | i Livea

I (7 )
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-
(11.8 MPa) 5 (3% SiO,/PVC) S il xie (16 MPa) o)) PVC Jl 53l (8.39 MPa) e 24
Joe b Ll 481 il o sall b Al sl Alia il luld Ciaia gl (3%SIC /PVC) Sl xie
A\AMJA\?_\AL;.LA\AM\&L’A Q\h}@;,@ﬁﬂ\q})ﬁ\ma&\ﬂ\)&@ﬂgq&;gjﬁ
bae ) 5 CilplSal Glliad 5 jumaall LS jia b Ll Caniind e il IS 0510 38 il aie iy ) sl
351 3Dl il Rl il S35 Gl sy e L S

el sall 4 ) jal) s 6l 5 ASalSual) al A (Ahmed) Eslll (a3 (2015) plad) (B
) oidline (€ 55 (e L) A8 55 il 3l g (smmns (s29mm) Cnilite (pliiia (53 PVC
celini¥l cadadll vie AiuV) cadll Al sl Chtacai il 5 SISl il sadl) il iy (U5
4 paall i) ) s g eaall Y (e Judadl 0 Al @lliag 4 gl sV ol 2Dl
Llaia cl 8l ol oYl (ol s aves S Laiy A3 grd) i) (e Juadl il ie i) elliag
Al sl ey ol 85 4 glodia e lins) 6l Ld i) o aa g oY) 20lia andl donally g e
4 slsia Lgzan S da saial) z3laill (D)) s 53%a dad ) 55 ae 4 jlie Juadl L) dilia gl
O el ) s Llaa 53 elliad il &l Gl sal O &) sl lia il iliis < jelal 5 ¢(83.7) 25350 A s
361 \& 51l o gl

dilise iy 5 (SIC) sShind) an S L3l (2016) 4w 8 (54T (Hammed) Sl s )

il & elal s (PVC) 2518 i Jon sl sall 4 ) jall dlea ) e (4.5 WH%, 3.5, 2.5, 1.5)

o (SIC) OsSabiall 2 )€ A8laly jed all 4y ) jall Llua gl 28 8 dddka 334 gy LAY
371 (4.5 % SiC/PVC) 4 4ssilly (0.19 W/m.K) & (PVC) - dwailly (0.17W/m.K)

Mechanical ) 4SalSull jaibadll 5305 (Rostam) Salll (s (2016) o) 2

e ) by (e pall 13 il g aadll oy e s (PVC) 28 daid  J s yedd ol (properties

(Universal Testing Machine) lall Jlia¥l &l aladiily iidall A W jladl) s Gl

& Sliall a5 A8 jall 3 s da ja el 8 Lo it Gl ad i) Hlial S5 5 (UL T.M)

<=l (Tensile strength) 2l &l o) cabaa s ddlise 4 )) s Gl oy Gadadll 5 423200

Clligad) o Ay Ca 5l1 85 Aa g ST Bl et 1AL ¢l B )y A 5080 ) e (Bl B il
8Ll Asle ol ) A am

I ()
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(PVC/Kaolinite) 281 is 31 5« 015,315 (Abdul majeed) Csldl s (2017) pladl b
oS ie ALY el ) il 35 LSSl il sadll il i gy jlgaaiV) aladl 45y
Lty «(Kaolinite) ol sl ddlaly Jis 4,8) jial) alall sl aie Aain) g 28l 5lis) ol sadall
(PVC/Kaolinite) S il 4y ) jall pailbadl) Caiay o3 dacaall 33kl 33l ) e 3%l ala 3
i (Thermal Conductivity) 40! sl dabua 5ill s (DSC) (laliill (5 ) sadl eall 408 aladinly
o il 8 51 ) g ) gn S IS5 o 31 () o (T Q) el S JEY1 8l Ao b bl
Al il N dwalu L) (Pure PVC) &l 2 618 Jiid (I 50 s 43130 (PVC/Kaolinite) S| yidll

1391 (3l 5\S1) Fa 2l Balall ALialy ol 3 4y )yl

I () ——————
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:(The aim of research) <aal) ¢ Gagdl (5-1)

e liall il Calita iyl gl aladiad 5 A5 <l il b el il dpes W A
o Ayl o3 (g im pal) (i Gali S0 Sl ol sl ale JS5 daiial

mall axall ((Degree of crystallinity) 4 sbill 4 5o e 3 5) adlda ja 580 (520 48 a0 o
Ss>uay (PVC/CaCO3) S yiall el sall (d-spacing) 4wl 48lusll 5 (Grain Size)
oz 4l JYA e (Pure Powder of PVC Polymer) &3 &) 6lS Jaid Jsn el 50
(DSC) (il musall 4y y2isa s (XRD) 4] AV 3 o Citania’ Al 5 4S il Gl 5a)

Younq ) <lisy dales «(Strain) ie sdaall ¢(Stress) dea¥! e sl sall da o 5l dul o e
(PVC/CaCO03) Sl _jidl el ol (Hardness) s23uall 5 (Bending) <Lisi¥) «(Modules
Juial (Tensile Test) il Jloia) ciead i) g 4SSl Gal sl rars dal 50 A e
.(Hardness Test) 333Lall sl 5 (Bending Test) slisay)

Gsama3 (PVC/CaCO3z) S jiall yadd sall 4y ) jall Al sill e 5 ) jall 550 55 43 el 4
(il ) oS i s

I (10)
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e

:(Polymers) <l ad sl (1-2)

e (poly) JsY) abaiall (e (padaie (30 O 5SE 5 Jua¥) 438y 2] & (polymers) ddadl ()
il gl sasia yadd sall o)) (of Al a5 sl o) jad ras (Mers) sed (S adaiall Lal ¢ 3K 5 dania
B (Mer) (& 4l sl Aulid) 85 ) <idl) sas 1) ) 1401

aagi yall 45 0 paalaall (e 5aS 220 (e Bale (S AlasS LS je e Bl Gl sl ()
Claa gl Judlall 838 jualic ey @l gl Judls 45 S 0l jual sl Al gy Gand) Lpcary e
1421 (Monomer) eisall 8S5 oo 5 (Repeating Units) 5 Siall

S i (aisall) CSoall 1 Jaalys e s 005 93 D (ShesS S je g aisall
OrsSil Alia Cagyla ad g AT CS el s ) andi g ol o AT e )a e Jeléill (e 43S0y als
BT el sal) Al

Al gy any Lpamy el gall ol ) (e AUl 3y e gall ALlll S 5 maim gy V) JSAE
1441 (Polymerization) 3_eldl e (S Jela

(A T A A T
DRSS | S
H H H H H H H H

Repeat unit

51 Ly sl gil) dedial] 38 43 (1-2)
GOy DIy palie: e dal ) el ool <ld paliall Leilalu s J o dddae o8 3 alill
SOl l8 IS allall Caiia 1929 ale 88 ¢33l jla Bamy Lediinal (S 3 pelill Bl o) Jle s
T461Lap () Cpinm 155l
:(Addition Polymerization) (Jedadiall Jeldil) 5 als) A8LaY) 3 paly o
ALY (ya 5 Al Ll )3 885 0 () 50 Gianal) Lgwiany g il e gall oy AilaasSl) dplaall Jucan
b (sl s bl Jsall el daall e JS A8l 3 el e

e (1 1) ————
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:(Condensation Polymerization) (sshall Jo Wil 5 jaly) il 3 paly o
de sana 5) 50 Cadad i gl by Ganl) Leany e Adasipe Jeliil 13 b Gl e gall )
sl s sl ol 1 o il 5 el e AV (a5 oy 5l ol g A gaamn iy Jall e A (g
146 S ) 5 i
(8AT] Ll saad ellh 5 ccliplaill (e e 8 ) yad sl andig
Ol dand ) o
Al e LGN Ll
lail) ey s N Ja RSN el sall aladind (S 4
A skl paliaia) AL o
A g8 e Jelm Y Ailasl Aalill e
Alle 488 0 Ao lia ol Y il clipdail) o < el gl aladial (Say
Auadh A6 HeSI J el G el sall jla3 o
Aaddie 3 ) s Gila o A S ) S LY ALE et A8la ) 2 UsS o
OOl Adds o
JSUH Ad glaa g salia jue o
Lo <ol sl alaiianl (g a3 A (5 sbasall Giany @lllia ) V) Bl paall (ga a2l e
[16]
Alle 4SS a e glia Gllici Y Ll o
oaddia Lgiilia g Lgti g pe Jalaa o) o
Adka) g Can jaaglia lgl o
Axdd ja b s Cila pd (A IS o) Sy Y
[49-551, (Classification of Polymers) < sad sall civiual (2-2)

(ot Jalse bae e alaie YU &l e gl Caviias (Say
sad gl s e alde Yl (1-2-2)

(Classification Depending on the Origin of Polymer)

—— (]2 )
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e
:(Natural Polymer) 4uashll & jasd gl (1-1-2-2)
L)At"-\l\ KV c&ﬁjjw\j.iaw\s&u‘yb&u@ﬂ\ggﬁwa\ﬂﬁ@
& Aanpall Gl e ) (e o) 531 4300 Gllln (lgile J seand) Guray s el e (5585 Al G yad 5l
(D258 g I gall 5 S 5l 5 Sy S sl

:(Modified Natural Polymer) 5_saall &aadall & pad sl (2-1-2-2)

LeaS 5 (A Ll Dle <l i) (mmy e csyad (815 Apmpall G el sl (e g il 138 Jiag
e e (aSall g (2nd o clia jad s adai ) Alledll palaall (ans S 5 i ) Sl
COA s shbiad) @l il @bl S GLING ankall il o Ol jad sl (e g sl 1 e AEGYI
Dbl

:(synthetic polymer) &stiall & jad gl (3-1-2-2)

LS ja (e e juast Ky dua pladiun) de giie daelilaia¥l G jad sl (e & gl 138 2ay
¢ (nylon 6, 6,) duclilaa¥) GV & e ol e g sill 138 o A ey dany Liles
G el gl (1 220 A (polyethylene) ¢l (A sl il s (Buna —S) el Lkl
Aasall Ll b )5 Cilelatiid il giall 5y

el S 3 e alis Yy (2-2-2)
(Depending on Chemical Composion)

st alial A3 ) Ledyial (Say s
:(Organic Polymers) 4y gaadl &l jasd gl (1-2-2-2)

Co Sl g G s il S Y1 Gan s 03ed) @l )3 (e o5l Al Sl el sl e g sl 18
3_aiS LS el &l jad gall (G (g 8al) 3 gl Ol AN 02 2 g () ga ST ) 3 e Dzl s slledl il y3
(=S oY) e
:(Semi — Organic Polymers) 4 ganl) chai &l jasl gl (2-2-2-2)

550 e Sab Al jualie @) e (g giat A )l Liludu LS je Jadi &l el sall o3
O Sl @l e dulal) Ltle 5 5 gl (815 4 guzae Y O 0 (e (585 Al ALl () 5 0 53 )l
el sall (e sl 130 8 B el ol A s U ALlially | pilie Ylsai) Aliaia () 583 <, 038 ()
Sl Sl sl 5 Cpm s 50l 5 (S Y1 2 A

e (13) ——————
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:(In Organic Polymers) 4 gae 31 & jasd gl (3-2-2-2)
i 1 Lgtlaals ol yd Ty 55 0 W sl sl gy Sl g (s S )3 e (553 Y e sall 528
AV (S Sk S i e SIS jall o2 5 A jadl duSlad) day 55 Al sl Y1 (e 550 (5 81 (A
el sl Ga g sl 1 e JUia (MgO) psssineall 20 i

(st g ool aigh) (A AU oS ) e slalie Yl (3-2-2)
Depending on the structural of the polymer
156421yl ol Al o ) e slaie VU g g Ayl 1)l ) 53 i
:(Linear Polymer) 4xbadll il jasl gall (1-3-2-2)
«((HDPE) &Sl e cplil oo Lgibial (o <l 53y Al gl Alulis o il <) el gl o3
3l e s (K Epad sl 38 ((PMMA) S e ik JLses (PVC) 258 i s
.(Coiling & Bending) s eLissWL JuSlall e 4Ll L]

:(Branched Polymer) 4s_iiall < jad sl (2-3-2-2)

Ol S5 ((LDPE) A8Us) (ol 5 ol sl e A8 e a5 culd dgdad Judls (e alls
(PP) 05 sl s (PS)
:(Cross — Linked Polymers) 4Ll <l ol gall (3-3-2-2)

Jusdall UL s AT Al ae Al sl by dagi i saal 5 dlulis 3 Gl 3 o
ol Al o il el sl dliliida o o)) 5 3V AEDE A b e ety (] Lpaany pe Aty Sl
Thermoset ) Lola sabiaiall il jadd all oo ASLaall ) e gall Al (g g Al 5l 5 ASiIS0al)
.(polymer
:(Ladder Polymers) 4xalad) < jadd sl (4-3-2-2)

23 ()5 caliie ool (2 Ay AVl iyl gl (3o cilodis (pa (5 585 Bkl el
Ga el gall o3 aaty e il Cum (g Apdadll e sl (g0 Adba ST g o Sl il el gl
Bl all s A gl <ld A gal)

— (1)
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T —,————— —_ kinmar _IF_'-
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_—47‘— e BArwmhohmg A it -
_—l._

m{ Srmnched 181 Cronsinked
-
AT
G_A{H\-—- R e S gl

J_7' ’_’/l_—rr_ Ladder

1371 _yaud gull Aty jad) Albekial) casS) 5 (ya Adlisa NG (2-2) JSdil)
gl s S e Aol (4-2-2)
(Depending on Polymers Structure)

:(Homogeneous — Polymer) dwilaiall < jad s (1-4-2-2)

w5 & 5 @l (Repeating Unite) Led 3 _Sial) Chlas gl e 0S8 Al G el sl o
T e ) ALl
:(Heterogeneous-Polymer) 4wilaiall p& &l il sall (2-4-2-2)

Clan sl e ST gl e g3 e allii Ay jaand sall AL () o5 Ledie duilaia ye <l yaal sl () oG
143 ) il
:(Graft-Copolymers) daskall & jasl gl (3-4-2-2)

4 el sl ALl (Repeating Unite) 85l Clas gl (4 5S5 Ladie arhaall jad gally aady
O 5 g 5 e dpilall g gl g 2l g & 5 (e 4 S
:(Blok Co-Polymers) 4 sl &S jidiall < pad gl (4-4-2-2)

Gl xa dasi yo J V) i gall QllE ) Cum Q) 8 I3 e (438 0) Aadaie Gl jad gall 5SS
DB 8l e sl oy L el il g ¢ U e sl

e (15)
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1551 bgrailad Coa o 4 pasd gl Jeudlal] €151 (3-2) S
il sl -a
ouilada & sadsi-b
Giglie & fikia padlss -
ke jaddes - d

dgalad) Lgilantina) g A sLial) g 480 Gl ) Lo Sl VL (5-2-2)
Depending on Technical & technological properties and their scientific

roil LS5 1l 336 LIl e sl e g sl 138 il (S
:(Thermoplastics polymers) 3_)all s glaall & yasl gl (1-5-2-2)

ol all il Gl jeaie ) Jsai dun bl all dapn il Lelliia i Gl el sl o3
el Sl JEBY) da 50 (e ) adl da ) S Ledie &5 e ST a3 ) padl de laall & jadd sall 5
Llall leilla aa yind Sl el gl 038 ()5 ) S e I Led gad vie Leig e da 3 Cas (Ty)
Pl jpaiall 3 ) s da o (i e 4y Gl

e (16)
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e
((BliY) Al o) dgalal dudla) AV A ) gala) s S i elliad < el sl o2
= Adymaia 4y 916 (5 8 Al 50 ramall Lgadamy e o 5 dgaliite iy s clliad Al shall JuSladl o2a ol 5
1601 (4-2) &) 4 = 50 S ¢(Van der Waals Forces) i jailé s 68

< hY
" \ N 1 N\ h) van der Waals bonds

J611 5 ) st de glhal) &l pasd gul] S 43 (4-2) JSA)

(PS) 0 (A5l 5 (PE) call) (J sl 2 Ssadll e g il 138 (o ALY (o
401 L

:(Thermoset Polymers) bl salaiall &) jad gl (2-5-2-2)
iy (e Aladh Gany pa Lgadamy LIS 4 e sl Judld) Gli <l e sl 038 cpai 2ie
Leilelas 22y el Cua Dpadliill jaal §¥) Adabis gy (ary Luiany Aadi o Gl padd sall 038 O 5 AilasS
Ll salaiall G el sall 5 cely g8l 53 ) all dia gill 400 ) 5 JleuaiDd AL e 54003 e L)l &

1621 ¢ JaT5 5 Ly saisale) (S W 53l pall de Ul &l el sl (e (5 581

Gl S il (B ) dany ae ddadi jo Dl el sall 028 iy ja O (A BLEY) 2l (e
c oSl s ,Y) Jsha e adiad s salatall ¢l el goll A80IS0Y (ailadl) s dlle elilisda
L) sabiaiall <l el sl e ALY (e g AS0A aial ) Ay ) Clas gl 5 Solial) Jals )Y) daS
1920l sl el g algaalle ) 68 J sl il g S 5] Cilasil 1 a

SO11 5 4] jalty sabicalal) &f pasl gul] s 43 (5-2) JSA)

e (177 —————



Wl Jmall
-

P71 byl Glaal] ol pandgall g 5 ) sl e glbsall ol sarlgill Sy A jlha (1-2) send

U g 2y 138 g cdaba g 3 )y Jaulud die Ul ey AL sie gy
dadlal
Sl L) sa ddad) cilalgay) Sl N g2 ddha) gl clalgay)

dgdaa pb gl Bl jae il dadlal) 53 giaa

\ghiallas 5] (e \hialaa 5] (ay ¥

gae Jalall Agrog Ap 1 o o
sk \ghalaiadl (ya5 b Lghlatd) (a3

‘;ILH..J.ASS 5 i leﬁa Qhﬁd.aﬂ 3.\’:\:...4 ;\.AJ&A

:(Elastomers Polymers) 4shataall < jad sl (3-5-2-2)

L@.\S.m@)&.ﬁ\.g_\\ Y\B}j.o'&)guj\ U Ladie Jaa \ﬁ.\S‘jLw\X_LSZ\_JLUaA\ ELI\)A:J)J\
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Adlise 4 pa cla gy A L 9lS Juid Ao §pacwal (XRD) Leisesl! Y 190 (2-4) JSf)

lla s ((PVC/CaCO3) Sl yiall yadd sall 3 jaaall anill (yas (3 (104) Jaail) <l dail) i) o3
e L )35 Gl (104) Jaadl) wie 3230 0 JaaDly Cus (5 A andll (e 33 8 dad o) 4SOy
352 0585 (PVC/CaCOs) S siall jaad sall Sl ja o lld () aall 3 g2y 9 63 ) _ad) il 0 g1 )
138 5 Ay sl A0l e A8 jall & iy dall Ay pa g0 13 g Ay sad) Aldadll L1 G
A esn s 13 5 Ay sll) Bhaliall (s ahsisale) () gam sl oall s o gl ) o) e Ju
1821 ludSaiD (5 AT bl g ) seda

vie 3 gall Gl sadll Gl (e (Degree of crystallinity) 4 skl da )l Glua o
S yad sall (8 saisall s (PVC/CACO3) S siall yadd sall (0 (e 5il) SIS 5 Adbiaall 4y ) jad) Sila )l
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Bl cila i RL saddgd] o Gpe gl A (X)) sl i (2-4) gt

| T
25

81.324
40 81.235
80 80.946
PVC/CaCOs 120 80.274
| | 160 | 78.468 |
| | 200 | 77.817 |
| | 220 | 76.457 |
25 56.2172
40 49.0363
80 48.7423
Pure PVC 120 47.7561
| I 160 | 47.59 |
| | 200 | 47.3733 |
45,3792

e e sl DS Ly 3 85 (X)) Ay sbitl) Ao yall o 2 Lgale J gl a3 3 il IS (e

sk da el il oy IS Jid 0 (3 smnsa () il s ol LaS 631 ad) s 50 Sl el sl

da 5 gyl ) 525 (CaCO3) i€l 53le Y Gl 5 ((PVC/CACO3) Sl sial sl sl (o J8
) e sl (e e CS) el el gall A 5 sLll a8 sall (8 a5 GllXS 5 4y ) 5Ll

:(Grain Size) ¢l aaadl (2-1-1-4)
1o — gl Adlaa Gy ) aaal) Gl
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gase s LS5 (FWHM) Gl sadinaly (9-2) b - gl Ailae (8 (XRD) (il glall
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.(PVCICaCOs) oS/ siall saslgull siad) pasd| qeids gy (3-4) o)

16.951
29.4606 25.14

29.3554 30.306

29.3461 | 34.9620 I
29.3135 32.775
29.2670 36.564
29.1411 33.37

198 — Ggmalily Addlra s ad) aal) Gl
Glld g J o — () gusalyl g Adalaay ALiaiall 5 (10-2) 483all (385 Ao Sliall sl aaaldl Gl o3
i) sadl e (5iN ©) afll (i Al s bl ) (5o aitendl Tl Alseay Alsbeall 45 i
Dzl gl laie A e (all paall 21 A0 (Sa Sua gaball ) saa e (B COS ©) il 5

(3-4) D0 Ll (IS QUi sl pmal) o s (4-4) sl (5 ) il s

Sl Jadi ) 5 sl anall o i g
38 — Gpalily Uiles cuinys AL JediY 5 o] pasl) (4-4) Jsnd)
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.(PVCICaCO3) S siall saslgult Luinl) ddliwall prids g1 (5-4) gt
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29.3554
29.3461
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29.2670
29.1411

PVC/CaCOs
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Jig s sadsr e (CaCOsz) bl sabe ili dagii Con 31 L Jaatl (Tpy) addsal) leeai)
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| R
IR | Onset point: 259,7 °C (23 mwn) f =
| Offset pont: 2925 °C (26 mn) f
1 Point of reaction: 18191 mW at 262.6 “C (24 min) )
1 Peak maximum: 21.403 mW at 278.7 *C (25 min) 1
04 Enthakpy: 128,56 g 2]
é “ 1
.1\ PDF Reducer Demo
- \-‘
2 4
o 1
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10 1 .,
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12 1 %
1 oY N /
14 1 ‘ e .
18 .’ Name cRT
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|
4
]
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Temperature (°C)
l Y y
| — \
= | |
1 f
o4 ' |
{ { |
] ‘
& |
]
' 1 1
1 Onset point: 249.7 °C (21 min) |
{ Offset point: 278.0 C (24 min) \
04 Point of reaction: -21.801 MW at 259.7 °C (22 min) J |
e i Peak maxenum: -20.651 mW ot 208.3 °C (23 min)
= ] | Enthalpy: -119.45 19 )
& 44 3 \ | -
s .1 K PDF Reducer Demo |
= i Ny
. 1 \ A
1.
\
12 4 . ==
14 1 — -
L
18 1
U :
24 : Name 22
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-0 : "
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Temperature (°C)
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14 1
12 1 /"
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4 Hame 13 f
Weight : 17 mg {
— Heating rate 10 ¢/min [
= 0 !(mm 258.3 °C {21 mn) .
==y Offset point: Z*? oC (24 min) |
z | Point of resctM) 2R @TIUCBF ¢ o |
2 | Peak maximuanm: -26.619 m\W st 275,58 °C {23 mm) [
= ¢ | Enthalpy: -117.10 ¥g |
s -
- = -~
.E ~
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16,4 — —
18 1
=2
50 100 150 200 250 200 350 400
Temperature (°C)
n
G i Onsat poant: 250.4 C (22 min)
v NN Offsot poiat: 301.0 %€ (26 min)
N Point of reaction: 207485 mW ot 2200 *C (23 min)
\ Peask maximmm: 27,908 MW st 279.4 =C (24 mwn)
13 &  Enthalpy: -108.83 /g
3 \
'
-3
® 10
o
o = 3
Nama 4
3 Viauight :17 mg
Heatng rate (10 </mm
M 1
0 100 150 200 250 200 350 400
Temperature (°C)
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1
i Onset point: 252.7 9C (22 min)
AN Offset point: 295.8 *C (26 min) “
# Point of reaction: <26.287 mW at 268.8 °C (23 min) 7N .
Peak maximum:  -33.516 mW st 2788 *C (24 min) /
. . | Enthalpy: -140.61 ¥g
X v ‘
\ \ ,
12 4 \ s
\ 1
4 N -
- 16 1
E s %
= PDF Reducer Demg’
8 ¥
%‘5 4
24 1
v 4 rame ;5
g Weicht : 21 mg
Haating rats 110 ¢/min
4
50 100 150 200 250 300 350 400
Temperature (°C)
A
Onsmt poknt: 268,19 *C (23 man)
Offuet point: J300.0 *C (26 twn)
o Point of reaction: 20,711 MW ot 2780 *C (24 mn)
Peak maxienum: 16,609 mW at 205.5 *C (23 mn)
1 Enthalpy: 104,85 1/g
v‘/
14 /
:/'
16 ~—— o S /‘
— R : B, /
= -18 A o X ~ /
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4 |2 1 ; >
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4 A
. 4
0] Name 6 y §
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1 Onset point: 273.5 € {23 min)
3 offsat point: 300.3 =C {26 min)
1 | Point of reaction: -27.171 mW st 283.1 =C (24 min)
Peak maxenum: 30,916 MW a1 2883 °C (25 rmin)
| Enthalpy: 98.63 Vg

PDF Reducer Demo l o

_— ,].%—,f-
¢

Heat flow (mW¥Y)
\
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Weight : 18 mg
Heating rate 10 ¢/min

50 100 150 200 250 300 350 4c0
Temperature (°C)

.(Pure PVC) Alll saulsull 5 ) sadl 4l L3 (Enthalpy) gLl s siasdl (4-4) Jsi
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Mass change 351.522 °C, 427717 % "2

| \\‘ L y
\ \ 2
| N 3
= \ '«: -6
! ',‘. -0
\ I|I 10
\ Onset point: 261.3 =C {23 min) 12
Offset point: 346.6 °C (32 min) \ b 14
3 Point of reaction: -20,503 MW at 271.2 °C (24 min) \ .+ o
=~ 14 Peak maxkmum:  -26.830 mW at 299.9 °C (27 min) E‘ -6 £
g Enthalpy: 143.52 )/g 18 o
= PDF Reducer Demo a §
(=] L —— 2 O
= 5 =
- - v
= . 3 ~ 24 é
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1 T 32
34
-24 Name : 1 36
Wieight <21 mg 38
Haating rate 10 o/min
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> L -a2
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Temperature (°C)
' Mass change 351,255 °C, -44.4726 % 3
— = A e A o
\\
( \ )
\ 2
? ' \ 4
| \
v | \ 4
| \
\ = ; T = ', -8
‘ Onset point: 268.3 °C (24 nn) \
! \ Offsat pont: 346.3 =C (32 min) \ 10
| Point of reaction: -23.224 mW at 288.4 *C (26 min) \ F-42
\ Peak musxiosm: -25.898 mW at 302.0 *C {27 min) \
| | Enthalkpy: 112,88 g 14

Heal fiow (mw)

Name 22
Weight :21 mg
4 3 Heating rate :10 ¢/mn
26 1
50
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80°C

Mass change -44.3479 9%

TN 1~ *
| o i N\ F 1o
G \ == \
= \ -8
\ B g \
o — = \ b
\ A 4
\ \ =0
\ 2
\ Onset point: 271.5 5C (25 min) ¥
= ! Offset polot: 346.3 *C {33 min) \ s R
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£ 14 \ Poak maximum:  -24.814 mW at 2973 =C (28 mn) \ -8
= s 1 F-10
.;“F: ) 12 9
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£ - Foig 5
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" i 20
) - 7 -22
4 24
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i . :
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1 | \ 4
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\ [Omset point: 2636 °C (23 mn) %o
| Offset point: 347.2 9C (X2 min) \
\ | PoInt of reaction: -27.073 mW ot 283.9 °C (25 min) 12
| Paak maxinwm: -28.896 mW at 304.4 *C (27 min) | \ [ e
| Enthalpy: -132.93 g \ =
= ) F-16 £
E . 18
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Temperature (°C)

300

Mass change -41.2467 % 0
| PIS SIS —_ S\ S S 7T :'
\ S N 4
I N\ 2
A \
\ \ -0
5 ‘ \ -2
OnGut point: 262.8 %€ 124 miny L4
Offset point: 350.7 °C {32 min} i
| Point of reaction: - 24505 mW ot 2834 °C (25 min) || o
| Peak maximum: -27.6L6 mW at 303.6 *C {272 min) |\ 8
| Enthalpy: 128.10 3¢ \ =%
: 1w e
== .1 =
g - 2 8
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3 | , .“ 4
Onset point: 263.5 5C (24 mn) \
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Mass change -43.7936 %

4
| 2
| e e —— A 2
| I > |
. 4 | = ) \\ 2
3 1 r \ 3
7 5
X‘ -8
81 Onset point: 206.3 °C {24 min) [
Offset point: 345,1 °C (32 min) 1
; I Point of reaction: -25.493 mW at 278.3 =C (25 min) 12
| Peak maximum: 30.037 mW at 308.9 =C (28 min)
| | Enthalpy: -106.23 Yo 14
x 1 \ \ 16 8
— \ \ -
= 4 ‘l‘ > T o
= ! - 20
g PDF.-Reducer Demo 3 2’
K= ! e 2 5
& | 24 R
o I8 J‘ : E
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| E4
pol Name :7 6
o) Welght :21 mg -38
I Heating rate 110 ¢/mn
-28 40
1 A
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Temperature (°C)

.(PVCICaCOs) <8/ iall saslaull 5 ) ol da 1t L1l (Enthalpy) gl s sisall (5-4) Sl

ol s sinall o e glae ialil) ellac] (A 285 (DSC) (ol ranall 4 jassall 4l )

Jalaill A6 (e 50aT gd (Tg) (ala il JEEYN Aa 35 (Tr) lead¥) da 2 JI Adlal (Enthalpy)

«(Degree of crystallinity) 45kl da 5ol (add laslas slae) & (DTA) JLalédl ) sl

Shie ) Sl MY ae e sall e cpe sl ST (X) A5l Aa ol slagY (12-2) Aslaall kil

13 (176 J/g) & sl s sisall A 5 (10 °C/min) s» (Heating Rate) cuddll Jars o)) 5
(N5 e (7-4)5 (6-4) Jsaals 5o 1 LS PO (Totally Crystalline) 4l 4y, 5L
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oA ol Juid Loy G 9ainal (DSC) (o dygunall olidl] 4ot eids gt (6-4) gt

280 81 72.875
270 85 67.86932
275 85 66.53409
Pure PVC 280 90 61.83523
| | 280 | 90 |
| | 285 | 95 |
290 95

25 300 88 143.52
| 40 | 305 85 112.88
| s0 | 298 90 107.24
| 120 | 305 89 132.93
160 305 95 128.1 72.78409
200 305 87 115.25 65.48295
220 308 99 106.3 60.35795

PVC/CaCOs

Clas gléih i (Xe) 4kl sl ol Jaadl lgdle Jseanll a3 Al &l JOA e
il uS ey Eua (DSC) 4 & il jumad Gglad 51 455k ) cuad) 3 gay s i3 ) sl
el 45 Jans L ale 5 caliiia JSEs (5l al) JEEY) Glacal @lld ya Gulay 5 Lbabait 5 460 Jala
gladl) 3 gan A8 Jha gAY ol 4y (e A2 J81 &) skal) da ) el il (DSC) (ualil
18253, 5 138 5 AU ) (XRD) (s
:(Mechanical Properties Result) &Ssilal) gal sad) Ll milid (2-4)
:(Tensile Test Result) &) JLdd) zilil (1-2-4)

te Balall A8 il Aegall S0l il LYY s (e (Tensile Test) 28l sl axy
Sl padsdl e a8l Jladl goals da Sy Balal s Jlad Al sl daslis
(Jei¥) — deaVl) Clinia o Jpanll Ay ddil 5, 83l 2 ) s alls (PVC/CaCOs)
«(Young Modules) <l s; Jalas 1 e J seanll liSay Jiniall 138 (pa s ¢(6-4) JSEIL prin 50 9 LS
akadi die 4c gUaall ¢(Stress at Break Point) .Sl adasi aie alea¥) ¢(Tensile Strength) 24 5 6
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s WSy ¢(15-2) 5 (14-2) « (13-2) oVabeall alaainly &llhg (Strain at Break point) <l
(8-4) Js1alb miasa

(Sl — SgaY)) (Hade (o bgeide Jpand) ad ) gilill) (8-4) o))

Young Tensile Stress at Break | Strain at Break
Modules Strength point(Pa) point(%)
(MPa) (MPa)
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Stress (MPa)
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Abstract:

In this work, we reported the details of the structural properties which
included the X-rays diffraction, and DSC, the mechanical properties which include
tensile test, three-point bending test (Bending Test), hardness test and thermal
conductivity of the polymers reinforced with calcite (PVC/CaCQOs) (Egyptian
production), and pure powder of PVC polymer (K.S.A production) as a function of
temperature. These properties were studied at selective temperature gradients,
which are:

(25-40-80-120-160-200-220) °C

The structural parameters, which calculated from the xrd data, involving the
degree of crystallization, grain size and d spacing. The obtained results showed that
the crystallization degree for both types of polymer is decreases with high
temperatures; this could be related to the polymer molecules, which are free to
shrink during the thermal treatment, and this leads to the freeness of particles to

move within the crystalline lattice.

The Grain size of the composite polymer was calculated using (Debye-
Scherrer formula) and (Williamson-Hall) method. The results showed that the Grain
size using the (Williamson-Hall) equation was smaller than the average Grain size
using the (Debye-Scherrer) equation. As well as, the d-spacing of composite

polymer (PVC / CaCOs3) was noticed to increase at high temperatures.

The DSC results showed that the degree of crystallinity (Xc) for both
polymers decreases at high temperatures.

The results of the mechanical properties of the composite polymer, which was
calculated from the tensile test (Young Modules, Stress at Break and Strain at

Break), was indicate that all its values decrease with high temperatures, due to the




effect of calcite material (CaCO3) on the polymer, and also because the heat which
Is directly causes an increase in the strain, which is directly proportional to the high

temperature.

The flexure strength results showed that their values are decease at higher
temperatures, because the increasing in temperature leads to weak bonding between
the molecular chains of the matrix material, so it becomes flexible and a great strain

occurs, which leads to reduce flexure strength.

As for the hardness test, the results showed that high temperatures lead to
decrease the hardness, because increasing the temperature has increased the
elasticity of the material, this is because the movement of molecules and break the
bonds between them, and this leads to weakening resistance to scratching and

stitching.

The results of thermal conductivity test showed that thermal conductivity and
for both types of polymer are reduced at higher temperatures, due to the
manufacturing manner of polymer by the company in the form of layers, which leads
to low conductivity of heat, this is because the restriction of the movement of

particles in the calcite material (CaCOs3) within polymeric insulating materials.
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