
Uflfi14 

' I 

·' .... - .. z . I ..I ..I .... A ' - .. ... 
1J'Yl-w.1Ltlli'VHlaLliEI1~1-ItJ11-It tl111J'Mll1tJfl1~ ')'Y1LntJ1~EI~ n11ou1u 1-ltn~aaLll£11 V\an 

~1-f.J11.1.-n EI~Ltl5j~ EI~LliEif n11Lnfl~ EI~LlJEif tfamtne\lt 'Y11V~L~ tl1,r El~rl1Jn11Lnfl~EI~Lll af 

in~m::n1~n1 un1~ ua:: a-l!Ull-n a~~ aiLlltlf v.e~ Lll afn11ll1f1~ LLa::~ a~ Lll afi~ Ltl11::~ 

1filflfl1~ ') 

• 'Ill...... .... ,¥ ...... ~ 
Lll E1 Lflfln~11J'Yl L 1tl\lt1J'Yl\ltLLa11-ltnt'lnWlfl1"nl::ft11J11tl 

1. l~t11-;hnflfl11ll MEif1111JV\111tJ~i'aa.Juni1eth~t11t1~n'~L~u,ra~ltl' 
2. ~1LL1-f.nth::L1l'Yl~EI~L1JEiiltltJe~9111JLnm'tffih1') ua::unfi1arh~Ltl 

' ) 

3. L1un~EI~EI~LliEifl1-1t1::1J1Jft"'UJtyUft::1::1JU IUPAC L;jtJ\It~EILfilJ~1n~aan,;1tiEI~EI~~EI~LaJEif 
u1~wt1ltl' 

4. aiu1uu~ffiu1n11Lnt1~EI~L1Jafua::uni1oth~ltl' 

5. 1JEinf1111JLLf'lnfi1~~EI~n11Lflfl~EI~L1JEif"tJ1J!'Jtua::m1LOtl~BRL11BfLL1Jtrff'ULtl I , ,, , 
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WDRUJDf (Polymers) Lrh.~nftllft'11~t.h:naut11u1liLRnft'JJ141flLSn41141Ull1n L;un . ' . 
JllJUlJUJEJf (monomers) li1L ~Ellltl Eltl1tJ~'U.1r: lflL 1Lft'U.tfnft1tiLUU 1liL9flR~ii'JJ'U1tl l'Mqjll10 

'M1auv lf11lv&RTJR (macromofecul8) • ni1L~ElllliBUElLliDfo11tfl14LL1J1J 1'1ifl1~ l'Jifl~ \1\;o 
i1~LL'V\ 

-M-M-M-M-M-M-M-M- ~1o -(M)n-
~\4; tJ.j',~,'" 1\unn 

uvff11f11U~TJifEl11LU'U1lJLRflR'JJ'U.1fll'Mqj~ii'M~1tl.j'1 (repeating unit) L~ 'WElSLafla'U. 

'M1a111Lft'lft'JJU1fl l'MqjLL1J1J~'U~la.iii'M~1tJ.j'1 L 'li'U lt.htl'U LLft:01flil1flftBn 1fl1~m~'V\\11U 
.j11JEl~'WaaLllaf)f'UJ1'UR1'U l 'V\ qj l3,j L ~U-3LLtift':flEl'U. 1fl1-3ft'i'1-3'JJEl-3lltl'UElLllafL n1tfu LLtl U~ 
LLft'fl-3n-3ft'fl1 lfl1~wf1~1J a~ LLlJ 1fl1 lliLftOftL 'V\ft1ift11 tl 

~ . 
A .. • ..e I .: .. 'f ...... 

1JU1fi1JEl-3'WElftLlJEl1fl110ll1ft 'V\1El,.1U1U'V\U1ti·D1 L\hlJLftOft 'tf~L1tl0 degree of 
~ . 

polymerization (DP) 111ft 111LRnRRlJ~'Yif'JJEl'I1'W afiLllaf~~lt1'110~ftfltW!J El'I1111R lliLRnR . . ~ . 
\'\\bt1.f1n1J DP ft'11~ii111ft111u~nRRli~'Yifau1'111l'au 1000 'M1aiiti1 DP ElU1-31l'au 100 ifl • 
aul 'U.Oftli'WElSLllafLti 
~ . 

14.1 n1n1LL"nt11'tLI1YiftilRLIJ£J.f (Classification of Polymers) 

... I A ... J'II" .... ~ 
011';1fl0ftli'WElRLliEl1111 Lfl'V\ft1tiLL1J1J fl~'U • 
14.1.1 \l1uHnftuJLLMB\1tl1LUfl 

14.1.1.1 JVEJRUJEJfl'nlnflif LrJuwaaLllaf~lt111run'1li'JJ1il4~.,··u,,f-3LLll 1fl11liLRnR ······························ . 
A .. - I - ..!'!!! 111 .. -:. -~- ... .~tl tl'U L 'U.lr1111'JJ1fl L 'JJ'U W tlRLlltll'"D1111W'YI L'tfftRft''l111111flft'-3Lfl11:l't'JJ'U 

tJ1~Y41Tl, Eh~ gutta-percha 

f1ofn 
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... .. ., .r "' ... ...-~ ., ~ tk l. ...... ...... ... • 
14.1.1.2 "-!J.~HY.f?.!.~~-~fl.1.1;:r!. hJ1lYH.lftL1JEl1YJ~nR11-3,.U flEhJL]n1tJ1Lfl11\'\1B 

n1:1J114n11LfliilA.:~Lilu ~i'in r~1~1Jti'14lflumnLi114ft'11au ,;u-~,ti~1nillfl1Lft v11 LLR:thu ~ 14 .. ,: ' 

L~El'41LL14nfl111n1~\,Y-3114El1~LLU-3,titn11tntt,of~ 14.2 

CA1Tl"il14.2 v.eiwrrfi-3Lfl11::"''U1-31J\ttt 

..-.aislt~1u (polystyrene) 
PVC 
l"Uaau 'W&itawt nai 

' 'WfliLLaTlDtl (polyaramids) 

vr.:lllw 

.. .. n11av.antJJ 

• _. • ., • I :CI .,.. ,. .,.. ..1 tl..l T •• 14.1.1.3 'WEJflUJEJ1J'TJ1J-zf1flflfiUJJft.J LIJ'U~ElRL11El11n111~1fiYJtlnL fttJ14LfltJ11rY11.:1 ............................................ .. 
LfliiL?leL~11flnL111~ L-Du tJ1-3Rn (vulcanized rubber) L'l1ttaTawuafLnf1 L'l1ttaTawtuLfl1fl 

" " ' . v v 

14.1.2 \l1LL16n Tttut.lfims1n1'7LntaftaaLuo.f 

..... - :'1 ........... tk ~ 
14.1.2.1 .rf!J.~.~~!JJHYJJ.LJ!N. {Addition Polymer) LIJ14~£1RL11El1Y1Lnfl~14~1nn11L-.ne11 

\'\\41 vue v11 eue Lll efL ,;'1ti1 unu lflu,aliin11LWtJR114 \1\ii.:~ w1ult1 Lnfl~1n 11 euaL11 ef~ Sj 

~141r:fi\u111LRnR LfltJtlnffitJ1n11Ltl11 L-i14 WBiLBnftU waiwt,;u ;179 'WEJit7UflLLEJ~Lflfl 
.. " a.l 

[poly(vinyl acetate)) ~.:~L1un~aiL11Elfti1:LI,lflif11 chain-growth polymers tl1tJ 

14.1.2.2 .rf!!.~(~.f!.f.LJ.'d1:!.~!.Y.&J.H1! (Condensation Polymer) Lnfl~1ntl~ffitJ1fl11JLL\4u 
1:\'\11-311euaL11af~li\'\liYf-3niuad1-3t1'eu 2 \'\alltuJiin11n1ifllJJLRnR~u1fiLftnean111 .. .. " 
L-Du 'Waia:t1Jl{polyamides) 'WBiU;Lnu {polyurethane) 'WBifl1ruEJLUf1 {polycarbOnate) 

. ... .. ... .... .. 
14.1.3 .,1LL16nlt111tf16ft0tlt8N '16Un16M&nft81UN0'7 

· 'tiLLrl ~1!1 ... ~ 4-3LU14~EliL11Elf~l'ttLLn14\'\Sn {backbone) tl1:neuti1tJ 

e:tl£111WfiLtltJ1nu uR: ~!l.~ 4~i1e:fle11luLLnu\l\tmJJ1nn11 1 ~ilfl 

I I I I I I I I --c-c-c-c-c-c-c-c--
1 I I I I I I I 

homochsin polymers 

L"'i14 polyacetylene, polysulfur 
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I I I I I I· 
--c-c-o-c-c~o-c-c--

1 I I I I I 
heterochain polymers 

L "Jiu polyester, polyethers tta:: plyamides 
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. ' . . - .. 
. 14.1.4 .1LLMnfl1&1.116116tnlftiiBMBLIJQ1 

14.1.4.1 .r!f!~.~~~nf!!J.if.~f (Homopolymers) Liluv.ei LliElf~R-3LflTl:tft'lnlJEl'UElLliElf 
~itt1Lilu1 \'l-'\1t11-3rn-3i4'uf1"LiJ-u -(A)n- Liou wsifwmau v.aiLllaft1nna11l1ita 

. ~ 

14.1.4.2 .rt.ti.~~~R.ft~N (Copolymers) Lntlt1nllaueLllafll1nn11 1 ~n., n1unmu1 

nu ltlUEl1tiln11it1L1tJ-31-'\U1tJ.j'11-'\R1ULL1J1J fia V.ElRLllafi1liLL1J1Jftll (random copolymer) • I 

U1J1Jnftll ,(block copolymer) LL1J1JtlElll-3 (graft copolymer) LLR::LL1J1Jn1J (alternating copolymer) . . . . 

Liu styrene-butadiene-Styrene block copolymer LLR:: lUaaU 6,6 4-3LUUV.Elft LliElfi1liLL1J1JR~1J 

-A-A-A-A-A-A-A-A- - .. .. .. 
Vi OLU11 fl1Lflfl'Vi\Ur 

-ABBABAA·Bn 

-A-A-A A B B 'B-In 

-A-A-A-A-A-A-A-A- ViflRLllflfuliU.tJtJtiflfl-3 I . 
B-B-B-B-B-B-

t.l ... - 1 .. .. - L...!.-. - • l fl 14.1 LLI'tl-3'VifliLllfl'lLflfl'Vi'Un'LLI::'Vifl~Lllfl-.nllttf'Uflfl1-3 ') 

14.1.5 \l1uMnii1NTR1'\11fn\1TNLa'la~(Molecular Structure) 

14.1.5.1 .r!f!.~~~f!.f.&fY.!!J.fH (llinear Polymers) LiJ1ll'liu11ilua1Uft'El-3ti1u lliill'lifl-3 
., 1.,... I A ~~ .. 

UnL 1U'l-'\llflllil ti.Ltlll ~'UlJEl'UElLlJ£11 .. . .. 
14.1.5.2 .rtf!.~~N!1.f.f;_~'l (Branched Polymers) LiJuv.aiuJaf~SH'li'l-'\~nLiluLiutl1-3 

ua::ilfl-3~il'l-'\\L1tt-i1L'l-'\ilaul1Ji'l-'\~nli1Ln1:: l1Jifl-3e1,&fu'l-'\;au11 LLa::ilt11111~U1LL\Loufl-3ll1n 
'l-'\1a1tatJnlti El1,£i1Ui1-3~R1t1LL1J1J Liu WElRL11Elf1Ufl11 V.ElftLliElf11J'l-'\i V.ElftLllaf .. . .. .. 
.ffuuulfl. v.aiLllanuti'ulJ (dendrimer) .. 

14.1.5.a-~ ?!@ftfY.~fu.~.'J.H. (Network Polymers) LiJuwaiuJafflLnfl,1nn11rn-3 

~U1J::~1'U1'UU1n LoAaLfalli1lJ1::1-'\11-3ft'1tiWDftUJ9f'l-'\1ElK1UllJLRnRWElftL11£lf fi1\~Llltl 
' . 
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... .. .. 
'VUlftL11El1LLtltJL.R14 . - 'ViEIRL11Elfnlfl11 • 

YiflRLllai'JUti'U\J.i 'ViflRLllafh~u'M 

atJfl14.2 ?f£laUJDilfl1"U1.J1Jfh"l) 'W£li~JJOfU1.J1.JLftu U1.J1.Jl'Jiri" UR:U1.J1.JTl"U~ 
0 &;... " . 

14.1.6 \l1LL'I4nii11Jftii1JIIrl1\1fi~1111D'I4 (Thermal Behav1or) 

14.1.6.1 :rt.f!.~~~~.Flf+l~UJ.r!t't1P.f.J!f.J.rf~.?.'!~rl. (Thermoplastic Polymers) Lihn~aa 
L3J aft'Jifi1·3\'\1D t'Jifl-3~ L~ D 'tii'tJf1113JfDU,:'MiD3JUa:' 'M a 't;' Ld £lLU\li-3,:L1J~ U'\U~'fi1'\4:LLa: 
LL;j-3~1 ft13J11nl-Klvujua:;fu,t.Jl'M1i'ti'Ma1uf1f" .. 

A I t¥ fill ... A '"'·' ... 111 A t¥ .J'I t 

r4a;sflnL 'Mi1U3J1:1JtJ1'M RR1naURfi-3'JJ'\4fi'Yl ~11111 L'lfLfl aua:,u~)J L 'M 11 (plastic 

identification code) n1'M\lfl lfltJR111f13JDflft1'Mnn3Jr4i1Rfln (Society of the Plastics Industry; • 
SPI) luiJ f1ff. 1988 LLU-3Lih4 7 n~aJ fl1aJ.i'1Li,~-30~1l1UlURllJan~m~nff1L1uu LLa:ih)nlY1 

I A 111 ... ... I 111 ... ~ 111. •'"' • ... .J ... A ... ..I.J A I t¥ 
U01:1J'JJ'\4fl L1fl1\li1-3 r4tJ Lfi'Yl1 L1J'Yl1l1'JJ\l:1J"''M1D1ft'fll'l0'M3JR\lf11'YlTI1,1fir4a1RflfiL'Ma1'\4 • • • • 

~,.,,"f114.3 -m'ai'llan1!tm (recycling codes) ,o""WR1ai\n~111nauJJ1("Jlfl~1iltl' 

CM225 
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'W£liLofii"L 'YlL ~U 'YlLftfl 
Pol eth lene Terephthalate PETE .. .... ' 
'WORL£l'Ylft"fl11JJ~"1U""f" 
(High Density Polyethylene) HOPE 

-woil1itRflRD l1ti' 
(Polyvinyl Chloride) PVC 

-woiLofii"fl11JJ'M"1u1l"th 
(Low Density Polyethylene) LOPE 

-woit .... -ma" 
(Polypropylene) PP 

-woialfl~ 
(Polystyrene) PS 

£lUI) (01~LiJU"W£lifl111.JflL"9l ~;0 
'WR1aiini1JJ) 

.. I 

f17EJtl1-l 

umlu dacron ,'ltl\11 111~U:1.Jn~fl~£l"~JJ 
£l1~11UR:i" u~"~~ll " 
,1fl1.J~ no iRflLi"tl1:n01J~ftJJ ·~ • • 
(wood-plastic composite) 

a"fotJiJ" ~",u: -w"'o"Ln1 ,,fl\11 ~~JJ 
u~timttf 
""'~" li: LTl1f L~On 'W12J i"'Yl£l 
n11JJU: 'W tfl,L .~ 
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• .£.1 .- • iJ • .,_. ~ 
14.1.6.2 .rf!!Jj.~~!!.~Y.1;.Jll11.U1.1l1.~Rl.!fl. (Thermoset Polymers) L U?UlaLaJD1fiL~Dll 

'1i1aJ l'Jieub"n111 u111Ril1~tl1111::"11"n1'1LLth1tl nufl11aJiouiln1

11LnofaJo~a1wiln ,. 
Liloltii'ufl11a.Jioutioui1ltiufillil"a fl11aJiouw"rhl~LRtiR1l1~ lliR1aJ11n;fu,tJl~lilti ,. . 
. L1iu L1'Bu~uoa·-~ofLLaJailluff (phenol-formaldehyde resin). L1'BUL1JR1iiu-~afLLaJR~luti 

(melamine-formaldehyde resin). L1'Bun~on'B 

fl11JJfou 

~"R1"n1111~~iLa.Jofut.i"Lilut11::Lilflth" 'J ltiu.rl ~ft1ft~n Liulu (fibers) 1w~ 

rut~"~'" (elastomers) R11Lflaou~1 (coatings) u.a::111uflilfl (adhesives) 

14.1.7.1 .rtf!11f.~rl 

(1) rift1~~-11T.{lfl!itH.'ff (Commodity plastics) l,tiu.ri~R1ftiin~t-ffi'1lt1 J.Jn~nfllu 
tR111maJ1n iifhuu.t.i"n11tlft1flR"ua:il,fl1rtn a2JUi\1wflnn,1nfllfltJLL1"1::"1,"1aJLana 

. ,. ,. . . ... . " 
fiou'li1" tiau w1ul"niLiJuu.,"u114Lflfl11ftR u. '"'::,11"ltllVia tia"ii,l',"\tn l11Lanaa" . ., " ,. 
L\4ol",tifl11aJu.;j"u.'"",aJtl'D"n,, ,,." v.aiLa~•u ytoal-rt1'Aitu ~aiwlt~'iu LLa:: Pvc · 
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(2) ~ft:lft~.U1f.IJ.D.!l~ (Engineering plastics) ii11fl1\f-3. tn111nLn11~stl\l'aun11 ii 
fl11liLL-ii-3LL1-3 L'V\itu1 fl'l4fl11ll1a\ULa:«mflil~n11vunwtinlnflnm~ R1'l4l'V\qiLU'U~aauJaf~ii 
a:fla11l'l4LLn'l4'MRnll1nni1 1 ,n" 1'1fv.aiwsfotln'l4ti1u~'"tr:lu1tl1L~'" ltiuri v.aaa:llltl' 
(L,j'\.4 nylon 6, nylon 66), ~ElftLDWLflDf(L,j'\.4 PETE), V.DRfl1fUDL'Ufl (PC), ua:~aa 

~afu11aillutl' LU'Utl'\.4 

14.1.7.2 ~-~-tu 
., ~~ f'l A .. ,., ... ... 1'1 ., il ... I ., I .. 

LR'ULULlJ'U~OaLlJEl1f11JRnHnL:LlJ'ULW'UU11L 'l481U1Jfi111JtJ11flOUNU1'Ufl'l4Vna1-3 .. 
l~\l'aun11 100:1 lti-;nntr1111,1tiua:~1nn11R-3Lfl11:~ Li'l4ltJtr11ll,1tiltiLLri LR'l4lu~, 

Li'l4 LiuluL'Jfa~ law (~1u i\l'" iJ1'l4'M1ollo) LR'l4lu~1nifl1 (lul'V\11 ~'l4ifl1 luLL11-3~ll LR'U 

· ~11) LLR:LiuluLLi Li'U LLilu~'" (asbestos) 

LR'\.4 lu 01~ l11~1nn11i-3 Lfl11:~ 1 i'l4 L *'" \uL fi u 11 ~lti·;nnn11tJ'iuth-3 lutr1111,1 ii • 
LIJJaa law ua:L*u.lui-3Lfl11:~ Li'U .,.oia:l11tl' v.aiLDWLnof ua:v.oiu;Ln'\.4 .. .. 

ViDRL11of'Ma1u,\lt~a:a1ulti'M1o'V\aaJJti1lti 111l~nneft'V\1oti-3ooonLil'l4L*u.lui-3 . .. 
no lti VioaLll ofi-3 Lfl11:~~ LU'l4LR'l4 luLu'" VialuJofLLuuLi'" ilan~m::Lu'\.4 l'Jiu11~ifli1 lti 
u\L'" 'll'o'l4i1LU'l41:Lijuuw~1LW1JD iiu1-31:\J\i1-31ananau;i-3u1-3 L1i'l4~'l4tr:lu 1fi1L~'" LR'l4lu • 
Sjwn,.,.iJ.,..,d'"w-3 u-ii-3LL1-3 LU'l4LWuU11 'Yl'l4fl1111i'ou · ua:~uLii'UL*u.lti . .. 

14.1.7.3 7Bf1Uf1Mtiu ..... .,. ....... ., .. . 
LU'l4nft11ViDRL11af~w11UlflR'1uu1-3 iiwn1ViUfi'V\U'l4W-3111n ~'UtiaLL1-3tl-3W-3 Uftfl1 . . .. .. 

~1ullf~'l41fl~!J1U'V\R1ULfl1~0-3~'l41fiLii11111n ua:nRUfl'U~'l41flLtl1JL0atlR1tJU1-3tl-31flul1J 
LRU1UDU1-3fl111 L1i'l4 'V\U-3U1-3 tJ1-3Ufl fl-3!J1-30'l41lJ[J !J1-3Ufl~'l4') LLR:ViORL11Dfi-3Lfl11:~ • • 

1flu1Jnt\1WflUtl'MUULiJUViORUJOfoim:r1'l4 111LanaliiLiJU1:LijtJlJ ~nL:~flntl-3DDn . . . . .. 
111LRfla~nU-3flUl~ifli1LiJUUfufi11JU'l41LL1-3tl-3 ll1l~Lil'l41:LUUU111nn11Lf\1J lulfl1-3w'f1-3 

~El-3ViDRL11Df~:iin11LfD11i111Lan\\'oul'l41:tllJ.,.OL'V\111: 1flEJ,t1ltJ111:1J1nL 1 l'U 100 

l11Lana L ?Jo ofl111 Lana ln&Lilu-3l iti1 vn'" l~n11Ufl'V\ li'l4nautiuwn1VitJritiltl' tl'1n11L fo11 . . . . ' 

., .: iJ .. ... ~ • tJ 
~1JLVi1JL 'l4 1 L'U 30 1Rfl'U'U~:LL~-3UR:L 11: • 

tn'l'iu ll1,1ii r f)U 'V11D JYB it'lfaB n& !IU (polysiloxane) L U'\.4 Vi 0 i LlJ of~lll iifl1fu 0'\.4 

\uun'U'V\Rn ii Si'WRU 0 .RfiD'ULLfia:o:t~oll~:ii'Mlilu1fl1fl1fuouLn1: 2 'Mll LiU 'V\1JL1Jtlft .. . , .. 
ua:L~ia 
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R R R R 
I I I I 

---Si-O-Si-O-Si-O-Si-0--.111\N\o 
I I I I 
R R R R 

v.oil'JfaonL1f14 (R = CH3 ~;o CeHs) 

· ,~ilfndhn.tUiUfi'V\ ~\UJ1n L i1Eh1-;J1n~11~~1J::ii'D~1fl \ 'V\ qj LLR::fl1111 t111~~1f:: t111ni1 

'ViEliL11Elf,.i'1'U Li~ L~OLtJ1U1JLfl!JlJfl1JVilliUl'fia~ ~~lf:: C-C L~LLn~v.iniifl1111tl11 
1.54 A LLR::llll~~lf:: 112° ,m::~LLn~'V\ftn t'lfsBnL'lfU~~tJ:: Si-0 u11 1.63 A LLR::llll~~n:: , 

~ ~ 

130° rh\~un~l'Ji'V\annflv.u~iiflti1L11av~t"'~,.tJ~,u111n 
~ ~ 

.I - .. ..~!"1 .... t1 -CA1n"n 14.4 VfORUJ£ln1L1J141ft'flr.Jfl~ 141J1~1f14fl • • 

Styrene-butadiene rubber (SBR) Vf£liUJ£lfi1liLL1J1Jt;2J \~,1r.J1~1tlr.J14ti" 
A 1'1 I ... 

Butyl rubber ?f£lRLl.l£ln1111::~11~ 1 ,3-butadiene ntJ isobutylene 

Polychloroprene rubber (CR) r.J1~itta?f'n4 (tran.s-1,4-polymer '1J£l~ CH2=CH-CCI=CH2) 

Polyisoprene r.J1~~ll1f1~ (cis-1,4-polymer) 

Nitrile rubber Vf£liLll£lfi1111::~i1~ acrylonitnle rl1J butadiene 

Silicone rubber L -614 polydime~ylsiloxane 

Urethane rubber 
A 1'1 I ..... 

?f£lRLll£l1111JLLtJ1Jn~1J (~1'1JO 14.3.2.4) 

14.1.7.4 Jr1.1~.~ftf?Y.~1~~~~1il.fJ.~fl. (Coatings and Adhesives) 

I 

n11Lflft 01J~1 LU~n11li1' iLnfl LUULL~~ ?hf111J1\I'V\1o Lu~i~1J1\I ') Lflft EllJ LL~ flflfllJ 
vf~tl1lflt101';1£i'V\1o,J.iiiw ;f~L\11 LL~\1 n11Lflft01Jli1LvJoilo\ln~ tlnLLfl\1 v.1a'ti1~11'1~ 
LQ 'Vi1::~1\l R11Lflft El1J ~'liiV.R1tJU1:: Lllfl £1fi1~1.J1:na~~\lf1\ltJ1J.fo ~ . 0\ltlU'l::n au 

vf~fl~'tl'uri Lijtli Ln'lUtlLn1:: (binder) ;;,.u~of LLR~R1tLih.nLti.:Jl~~if'";J::n&=h1LQVn::&n1 
Vf7Ln1:4.:JLiJ~L1'iu v.1oil,-ft~::\~L1'iu ltiLLrl 

1h.i.Jl.~V.Y.1f1~ Li~ tl1J~inu~\l (linseed oil) LU~ YnmRL'lfBY1l ,o\ln'ltll,J~i~ 
TuLsiin (linolenic acid) ~~tr::fil~n1fl-;J:Lntln11Lialli1liL~onnoon~L-;J~L~D1n1fl 

. ~ ' . ~ 

n1:1J1~n,,d'L1un drying · 4~Liltith1tfu:li-D'1lllt1tnJ~MiJ1oon'iLfliu ,;,t~Lnflin,;m:: 
flft1 u1~ J1J~ ~jj~~lf:flli10'V\101:titJ~11ll\lfftlli1W~':U~~L ~1 n1mdf41 Lfl ft OU~lfl,J.i 

~ ~ ~ 

I ... ... -~ 
fl~fiDft11LflliLLR:n1,fhl1~ · 
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0 
' u 

C~·o-C~R 

I P. 
CH-o-C-R 
1 ~· 
CH2·0-C-R 

R = . CH3-CH2-'C=C-CH2~C=C-CH2-C=C-C7H14-
H H .H H H H 

linseed oil 

.t2J1@ ft1U \ ll\ qj\ intJ~1Lall\:: .L 'Jtu YUl R UJ afi1 aJ l 1\Lafl a o l 1tf-l 1\La LUl'iLfl tl ~1 
• .r ... ,. ..... Lfla£11JfiU-..1LLa::W11LflaJ ~fltl 

. !.1~1:fM.Il~~-~ (Alkyd resins) LiiUtn1Lflaou~1n~11v.aaLoftLflof~lti·;nnwaiaat~ 
(polyols) LLa::n1fllflfiTfuanliin ll\1an1tlLLDUltJ,tl1tl L-.du UDflflfi';J1flYI1inuautDtfl1fl 

(phthalic anhydride) V\1£1111LflDnUDUfl11fl1l (maleic anhydride) rltJVIDfiBBS L-.dU OSL'lf01Da 

ll\1o pentaerythritol LnoLLthL ilun1t1 l,.Ju lli~lli14~£J~utr::~ -;J::L.ntltJ~mtnnu a on'BL ';)U · 

\ uo1n1fl \'11 \ ll\ijn11L foa.~-E1111::"i1~ 1-dlti 

~~-~rJ!J.'!f (latex) Wr111l1U\Wtl1UUDn cnu\ll\qjLiJu&ftn1::';11Utl1\uJ1 ·~LiJU~UU11 
111nL ~11::f11fl1111ft::D1tlJ1u l~ilt1 l ~ Lilu11a-AM-n1~ o1n1fl~1 LflL nn'lfiiJuw11UfiLn1::~ 
Ltlu~eRLa.Jof~a'ttl1fl£1-uu1tlLinni1 1 la.~Lfl1L2Jtl1 n1::~nuti1e~\uli'1 ltiLLri ~oiLa.Jaf 
i111wlfl1u-fl1n1 lflau 

... ... 
(2) ~II!.~ftfl. 

ill .- • U ,..e ~ A ..t ., ...1 ~ ., .I 
tn1llflflfl ll\10 adhesives L '"'J1fi'V\li1U112Jfl~'•1W12Jty£1U L-JJU n11 1fl'lu1::W1U 

il tJ . A • A ~'Ill .IIIII~T ~ .J 1111 tnf • ., ~ .., a; 

(cement) LL ~L un tn1llflflflll\111Ufl~W11fl LiJJ ~-.u ~a'V\::IJJ~W12J11flTI1 ~ll\~U~11RfJflfla1unu 

'Vl1ath~nui~ LLti 2 1Jitfl4u ltJW'laJ11fl Utl~tlnu lti Lfl uilfl11aJLl;i-3LL ,.~ nuLL 1~ iuw::L fi au. £J 
~ 

ft2JUfltlUU1 LUUflU 
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' ... &# I .. A 

fi1Tl"YI 14.5 tl1flV1~R'11Vf'ILn1:1J1~Wfl 

-... .. 
· 71Ufltf17UfUn1: 

Cyanaacrylates .. 

Epoxy resins 

Polyurethanes 

Silicones 

... - ~ 14.2 n11L1!1nftBRLIJB1 

n11L1un"o,iu.toffl1li~a1uii ii~liL1un"oiL11ofrnul\l\llJli 2 ii flo L1un lflu 
a"fl1lfft1J1 (sou~based names) LLR::L1un ltlun11a" lfl1"m" (structUre-based names) 

uon~nnd'iJ"oiL11of\l\a1tt1filfliirniu111nfl111foonbn-do ua:fofl1"m1fl'1 
. ~ . .. ' . . 

576 

~Bt'1UQ LiJU1JJl~lP.DJ~.FJl~.~1~~-~ lflULlUnfl111fDJJBUOL11Df 
~BII1U1'tlJU L1un lflttO" lfl1"m~ L1Unfi11JMU~tJ.Jin',8nft'flfl1lJ1t1J1.J IUPAC ·····················-············ ··~····················..-·· 

14.2~ 1 ft11'L;IJn"BBLUB.fLanw"tf 

., T .- .I 
14.2.1. t f1Y!J.!flf.!.EJ:lfi.1~Tl.Jll 

L1Unfi11JfD 110UBL11Df Lfio&nJqJ,0~1JOUOL11Dili 

L1unLilu po/ymonomer 

li1"LR1.J 0 Li1ofo1to1loL11DfLil14fl12 fl1 \l\lDLiluto~lim1uflu~ 
., T .- T ., 

14.2.1.2 f1P.!J.!flf.!.IJ:I.~t11ift!1.~ 

L1ttnfl11J\I\U1ll.j',flL-nflltfl (constitullonal repeating unit, CRU) 

fo\I\U1U.j'1 O~U1~LR1.J () LlttnLiJu I'OIY(fsMu~v.Ji) 
fo\I\U1U.j'1L;Untrl~1t1.J1J (n11i'M\JLLfiUfl t::&d\\Wt1LL\I\~flLfJUi1LR,.'LtOtt ']) 
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..a ... I. ... A .. ... .. A 

f1111\Jfl 14~6 fl1BtJ1~n11L"StlnJVDNUJD1ltJnJVUln..J1",\4fl 

rfl,,m, VDUDUJDf Sou~sed Name Structure-based Name 

.Y.(fJY.~ f...Q!ffif!.~ 

-fCH2CH2Tn H2C=CH2 poly6thYfeM poly( methylene) 

-fCF2CF2+n F2C=CF2 ~trafiuoroethylene poly(difluoromethylene) 

-tcH2-CHfn H~o 6 polystyrene poly(1 ~phenylethylene) 

1cH2-yHTn H2C=CH poly(acryRc acid} · poly(1-carboxylatoethylene) I 

COOH COOH 

-tcH2-rHt" H2C=CH poly(vlnyl Chloride) poly(1-chloroethylene) I 

Cl Cl 

-tcH2-rH1-n H2C=CH 
polyacrylonltrile poly(1-cyanoethytene) I 

CN CN 

P..9!Y.fJ.(fJ!f!~ 

-{CH2CH2-0Jn 10\ poly( ethylene oxide) poly(oxyethylene) 
H2C-CH2 

-fcH2-o}n H2C=O polyformaldehyde poly(oxymethylene) 

+?H-o)n H-C=O 
polyacetaldehyde poly(oxyethylidene) I 

CH3 CH3 

P..CJJY.fJ.~!fJ.~ 
0 ·o 

tocH2CH2ct ct poly(l3-propiolactone) poly(oxy( 1-oxopropane-1 ,3-diyl)] 
- n 

+O(CH2l98+n 0 
poly_(1 0-decanoate) poly(oxy(1-oxodecane-1, 10-diyl)] II 

HO(CH2)9C-OH 

P..CJJY.~.mi9.f!. 

0 t) tC-NH(CH2ls}-n polycaprolactam Polypmlno(1-oxohexane-1 ,6-diyl)] 
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~ 

14.2.2 n11'L1unwa&wu{i.,u 

L1un lttU0-391111~111 lflUUCffl-3.,1LQ Vi1:1l1U LUt£1L -A £11:1JSflHlU:rl11ti ElL tf11J,0-3Vi £1 ... 
iuJef;1lf11LiluutluLfl L~u 

578 

... ~ I· ... .. ... 

lt1'n\1YI 14.7 9110EJ1'11n11L11JnWDft,11B1TU/lJ1<3LL1J1J -

WfJWBftUJsfnu 
... '1vnuvvtJs· &1tJnfi1111~V 

laj:lJ , -co- poly(A-co-B) c;Opoty(NB) • 
LLlJ1JebJ -ran- poly(A-ran-8) ran-copoly{AIB) • 

~ 

-alt-- poly(A-alt-8) alt-copoly(AIB) LL1JtJD1J 

LLtJtJn'll -block- polyA-bloclc-polyB bJock-copc)ly(AIB) 

LL1J1JtlOn<3 -graft- poly A-graft-polyS graft-c0poly(AIB) 

LL1JlJL f.o11i111 -net- polyA-net-polyB net-copoly(AIB) ' 

i1 £101-3 L ~U 

poly[styrene-co-(methyl, methacrylate)] 'M1o copoly(styrene/methyl methacrylate) 

poly( styrene-co-ethylene-Co-propylene) 'M1o copoly(styrene/ethylene/propylene) 
' . -

poly[styreoe-alt-(methyl-methacrylate )] 'M1D alt-copoly(styrenelmethyl methacrylate) 
, , , . 

polystyrene-block-poly( methyl methacrylate) 'M10 bJock-copoly(styrene/methyl methacrylate) 

polystyrene1Jraff-poly(methyl methacrylate) ..,;o graff-copoly(styrene/methyl methacrylate) 

i1'VIrutaa'n~1U£1 URtf£1fl1"011fl15ji1~U1-3LUfl111-3 14.8 ua: 14.9 

lt1n\1;1 14.8 tl10V1<3taon'l!t1UO~Il<3WBft&UBru1<3,ilfl 

ABS Actytonlttile but8dtene styrene 

LLDPE Linear low densfty pOlyethylene 

PA11 . - _Polyamide (Nylon) 11 · 

PC Polycarbonate 

PMMA Poly(methyl methacrylate) 

PEEK Polyetheretherketone 

PTFE 

TPU Thermoplastic polyurethane 

UHMWPE Ultra high rnol~lar weight polyethylene 
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Barex acrylonitrile copolymer (BP Chemical) 

Crystalor ~thytpentene (Phillips) 

Denka ABS (Showa, Japan) 

Dowlex LDPEILLDPE (Dow) 

Kevlar aramkl fiber (DuPont) 

.Lexan polycarbonate (G.E.) 

Lucite acrylic (DuPont) 

.Mylar poly(ethylene terephthalate) (DuPont) 

Teflon tetraftuoroethylene (DuPont) 

14.3t.lfin~a1n11'LHtlftBBLIJB.f 

VHlftL11DfLntl"'1nt.J~ffitJ1~UJ1~ 2 ,ilt1fio U~M!J1n11L~ll LLa:t.J~m!J1fl1lJLL\4U 
(condensation reaction) 

14.3.1 n11dlR"Dih11D.fLLUULiN (Addition PolymerizatiOn) 

LiJut.J~ffitJ1~110UOL11Df1111nUlfltJllii.ininJitllliLf4Jlf4,U1tlLan JnLnflntiliOUO 
...... ., l .. .. .... .1.1 ., • ~ .. . ., ., 

Lll 01f111Vf~VfU11': fl tJ Lt\ Vf1:LLOf4flULLf4:LLOf4flU f1 1Jn11LL flU f1f1"VfU11':fl 'IJ-3lln11LLfln~ nVfUC . ~ . 
" - " .1-- iJ - .... .. .I • " .1.,1 l~ iJ - .I ., " LVf LLf4:Lnfl,tl L1l.I!Jn1tJ1L UOULtl0111Ltl!Jflf110-3 L1f1i.Jf41!J -u L Un11Lflllf1VfU11': LVf,0-3 

110UOL11Df~1!JOULfiDf~Lfi!Jfl~l1t.J~ffitJ1Dth-3fiDLiiD-3LLf4:11fiL;1 n1l~11JtVfOftL11Df!J11;i'U 
lJ1-3flf-3~-3L;unn11lnflWBilvsfuvvT'li (chain-growth polymerization) ~1u R'n1+m:,t1lt.l 

Liluti-3d 

H R 

H R 
\ I ,c=q 

H H 

\ I 

Z* [ ~ ,R ~Hc=cH ~ ~ ~ ,R] n(H~=CHR) t~ ~t 
.. 'Z-C-C* Z-C.-C-C-C* C-C 

H 'H H H H 'H H H n+1 

Z* = i1L;JJtJQffiv1 (* U11LilueWJai~T.: LLflttleeau ";uLLaulaeeu) 
~· . 

CM225 579 



..a . ... I A .. A A 
tl1"M\J" 14.10 9t'UlV1-3WDRUJD1LL'UUL9lli'U1-3'!S'Utl 

-Bfl1ffl1-3rn-3UDUDLIJDf 'iaruiqJ wDiivaf 
" 
H2C=CH2 ethylene polyethylene, polythene 

H2C=CHCH3 · propylene polypropylene 

H2C=CH-CI vinyl chloride poly(vinyl chloride), PVC 

H2C=CH-:CN acrylonitrile polyacrylonitrile, orion 

F2C=CF2 tetn;lfluoroethylene polytetr~fluoroethylene, 

H2C=Cf-:1-CeH~ styrene polystyrene, styrofoam 

0 
II ethyl acrylate poly( ethyl acrylate) 

H2C=CH-C-OCH2CH3 '• 

0 
II poly(methyl methacrylate), H2C=C-C-OCH3 methyl methacrylate 

• I plexiglas 
CH3 

~EiaUJEifLLU.ULfllJLfit~lti 4 an,;.m: fl£1 

1. n11LiiflWDiUJDfUIJ2JDUURDft'1: (Radical polymerization) i1L~lJtJ~mtJ1LUU 
. ' '" 

El't~aan: u1L1ml1tJ~ffitJ1~Liit~n11LL~1'1i (*) Luua't~afi~~£h1tnfuau. 
2. n11LnflWDRUJBfuuuUflf1YDDDU (Cation polymerization) i1L~lJ~~ffitJ1LU'Un1fl 

u1L1ml1tJ~ffitJ1~Lnfln11LL~l'li (*) LiloutniluLLflfllaaou 

3. n11Liit~wDiUJDiiUJ11UDU YDDDU (Anion . polymerization) i1L~1JtJ~mt11LiJou\l1 
flalalrhf u1L1ml1tJ~ffiv1~Liifln11LL~l'1i (*) LiJUfl1fuu~laaau 

4. n11Lflt~wDiUJDiiLuulflDDfiiLUf1 (Coordination polymerization) i1L;1JtJ~fflt11 
LiJUft'11L '~'Jl'EIU1JEI~ ls'V\:LL 'Y11Utiu 1J1L 1ml 1U~mtJ1~Lfifln11LL~1'Ji (*) LiJUEI:fl EllJ'V\10 
laaau11a~ ls'V\:~Lnt~~ulf:lflaoftiLouflnu'V\:a.iVt~niulu,.aallJDf 

580 

.. ' 

i~tt au ,t, ltJ11 a~tJ~ffiv1n11Lfl~~ EJa LlJ afuuu 1-i lii"d' 
• 

1. /un11LlvT'li (chain initiation) lhLltLfltllfl1~rl1~~l1iJnffiu1 Liou EIUlJRatn: 
w • " 

LLflflloaou 'V\1aua-ulaaa-u· 

2. /un11ulil!, (chain propagation) ~Uun11L~~11~1tl/J,;.;,rn 111LR_flR 1flUL~lJ 
1JEl'UDL11DfL-f1~UR1rJl1Jtf~mft_,L~,1J11\41fl ,1Lltfl111JU11L~lJ;f\4 
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3. .fuiuw,T'li (chain tannin~) Li1Un11rhl~n11Ltl1J lfl,Eh11-D~anuJafi-uwtnh1 ' . ~ 
11 ., ... ..J .. 

LLa: Ltl~atl~afiLft'tUJ1 

14.3.1.1 y~fi1.1!1d_~fi.fJ.#}.'J.HP.¥fjftl~ 

----i..,..,.. 2 0· + 2 C02 

dibenzoyl peroxide 

CH3 CH3 
If"\ ~()I v.n· M1e tm&Jfeu 

H3C-C-!-N-N-C-CH3 
I I N:c c:N 
azolsobutyronitrile 

phenyl radical 

CH3 
I 

2 H3C-C• + N2 
N:C ' 

· t.l~n;u,~Liifl~1'U£J"'t~aow1:LfiflltitinuLLaaf1-ui1lt.l L~'" l1ilaflaal1tf (vinyl 

chloride) 

"'~(\ 
Ro· + H2c:::::bcH 

I 
Cl 

vinyl chloride 

RO-CHz-C'::-'Y:~QH -----~~ 
I I 
Cl · Cl 

vinyl chloride 

H .~~(\· H H • 
RO-CH2-C-CH2-CH + H2C::hCH -----~ .... ~ ·RO-CH2-C-CH2-C-CH2-CH 

I I I I I I 

CM225 

Cl Cl Cl Cl ·CI Cl 

vinyl chloride 

----~--.. _______ .. ------.. ·tCHz-~j_. 
c1Jn 

polyvinyl chloride 
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I /uiuf"T!Ilut1Qffiu1flLnflN1ua't~Ren:: e1~LnfiLflun,n··nJfl't\f&~n::•e~R1u 
Lihlft1ULtlU1 (combination) ~1tuhu leue::flelllD Lfi1L~u4~·Ln1::flfl1fueuf~ilfl&'t\JRB&n:: 
,e~Lnu~it~ltJv~~fll111QffiU1,.Eh1Dnrlu~it~ (disproportionation) t~v.eiUJof 2 linana 

• . I • 

~1ethu leueullaan::~1nt1a1urlultJ~~u;nm~ututtJt 4~L';unLlD .. intJ1flft1JllftW (beck ... 
biting.

1
) ~1eti1U LD'Ufl't\J&arJ::l~1tJt~aiuJoilliLifll~\l \l\1a Lll'lfl&~U'] (chain transfer) 

Li'U ll£l'UflLllflf tl1n1&::&1U rl1ti1U LouLIJt (chain transfer agents, CTA) ~1.Dtl1V1Jrf~ n1 
t~Lnfln,,L;ll t'lit~li ~1eLntl ttJtri~l.t · 

n1,.,lltt?UD-3D\UJIBI1: .................................... 
H H 
I I 

-CH2-C• + •C-CH2._ 
I I 

.R R 

n1n:i:1P-l~~~~!~.~l!l!ll~!~ 

-----~....... -c=cH I+ 
I I 
H R 

n11!i:1P.l~~~"~rn <11~m!n"a1.J~a-3) 

~2c-c~2 1cH2-c~2 
-cH2-qH yH2 ~ -cH2-pH TH2 

H)(i CH2 . H-C~ 

11-- .J .. ,.;, ' 14.3.1.2 ... D.TJ.1.'=Q.rl~!J.ft •••• Y.'Af!fl.JU1!J.Jj 

LiJutJ~mu1~n t~JJfl.fun11LL~l'liLnfiN1ufl1iluuflflleeeu ft11L;llll~mu1iiwl1Ui 
LiiUBLROLfl1l~a Liu n1flfiL~t11fleu~1an1flft)~ft Li'JUtl1Li~ ltiurl H20/BF3, HF/ASF5. 

~1e HFJBF3 Lnflltlilnuueafiuflt~fl1iluuflfllqea'Uflud1u1ua::ii~utr::~e~t1a1uL'liL?Jet~ 
n1mflu~,.m::n111Qrnu15luevfl•f1 Liu VftlftLlleftJe-3 laobutytene 

. ' " . 
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H3C\ ~GJ 
/C:::::;::CH2 + H 

H3C 
isobutylene 

H3C~ 

~C-CH3 

H3C 

3° carbocation 

TH3 /CH3 

.. H3c-~-cH2-c~ 

CH3 .CH3 

3° carbocation 

Cl H3 CH3 CH3 
. I I 

H3C-C-CH2-C-CH -C$ 
I I 

2 
\ 

CH3 CH3 CH3 

3° carbocatlon 

-------- -------- ------- ·tcH2-[]: 
polyisobutene 

tl~n1rnnTnilll~~,.ur:fi~-3LnfiN1\UlTfluLLflfllaaa'" lti~aLiJ'Ultlfl111n~1Jo-3 
... 1 

~ .. ,.. ··' u·- .. .. ._. ...... ... ~,.,... -~t ... ... ,., ~ ... . 
JJ11fJEJnUfJEJn .!Jn1li1~-3Lnfl LflflnUliD'UBUJB1flli'VI~ ev~aLanfi1B'Uflfl111JB'U,a-3VfU.lr:~ 

~-3i1£JL~liLRClli1111~1Ja-3fl1iluLLflfllaa'U~Lntt4'U Li'U styrene. isobutylene, vinyl ethers 

(H2C=CH-OR) LLa: vinyl thioethers (H2C=CH-SR) 

H, ,R . Z* 
,c=q .. 

H H 

H /R 
I I 

Z-C-CGJ 
I \ 

· H H 

H R 
\ I ,c=q 

H H 

Z = 111L~tJ~ffiV1 {n-stli1Li.:J) 
R = \1\litt-roLanfl-sou .. 

H R H R 
I I I 1. z-c-c-c-ce 
I I I ' H H H H 

tJ~mll1,f'Ui'U'1'fll'JiLnflltiev~a1liLL1JlJ Li'U LHEJ1tl1fiB'UL\fLLaafi'U LLa:fl1fiULLflfl 

laaa"Un1tl~ffiu1riuLLaulaaa'Uev~1a~1fla1al~tf Li'U 
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H m ---: .. ~ m 
H H ·rh tru .. r()-Nu 

14.3.1.3 .UDl!!mJJ.;fl!b:!!!!Mltl.~f!~. z. z 

i-u.n11LLNl'liLnf1N1l'fnfLLuulaaa" lfluii\t1flRlal~if~LL1~ L~-u. -OH, -OR LLft:: 

UDflflfiBL.ntJV -v~';a n1tyln&BUJUmfJ-u.fi1L;Utl~ffiU1~tm1UltfmfLL1J-u.laaa-u. tl~mU1Lfl'~lt1 
,...., • ..It!"' _. ~ ..1 ... .i. .., • 111 A"' tlfl1JLLBftfl-u.fl ~Yifl11L\1J-u. ~BflflUfi.LtmU1 LLft::Lfltlfl1Jfl'VUln ~'Jffl ~tl 

... ~ llltJlll • ' ... • .... ...... tt¥ • .t ... 1'1 • ,.. ..... fit . ... ... LLBftfl-u.fl1 ~ ~iJLfltlll~fl1U1UL UB.~11fl-vi~LLBftflftLlJU':'~ ~..,tlLftflfl1flU LLBftflU fl 

Lflfltlnffiu1ifiti'~nii-v~llfi~aLinfl1BU lti'~ri Y~llL~\ta, -CN, -COR, -COOR ~fl1f1JBU,B~ 
t.J .. .. 

~um:fi Liu ~aiuJaf1Ja~ methyl acrylate 4~ii-v~ll -C02CH3 (carbomethoxy) LfJu~llti~ .. .. .. 
... fit ' ... ... • . 

flLftflfl1flU fi~UCfl . .. 
e E& 

CH3CH2 U .. 
base 

·-------. _______ .,... -------. ·-f~-r2CH3l· ' 
H .. n 

polymethyl acrylate (PMA) 

n11Lflttv.£liuJafLLuuuoulaaeu"1l\flt1wsi&ilsfwtuiuft'., (living polymer) Lilu 
. ' 

v.aiLuaf~.,,LL..,\l~l1ti~MU1V~BUluleJt .,~Ltll'118UDLliDi'lU1::1JtJ1.::~11tlltJLLR1 LLthi1Ltl11 
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~~ltll~~ ~1EJLthJ~~fll~~Li1l1.1n';l::LnfliJ~ii1u1fialt1eln 1.1~mu1~n 1-Jt~~fllf1ti1vn11 ' 

Lfl11BLRn1tnlrhfi1L~li Li~ J1 C02 ~;au~nftUDDn~'lfmi1l1.1L¥Jal~Lnfl1.1~ffitJ1n1fi-L1Jft' 
(9111JilEJ11J,El~L111uft'Lf1f1-R171) tJ~ffitJ114\'I~flltl 

14.3.1.4 yD_Qjy:HlY.1di~fl!!f.~~Hf.~ (coo~ination polymerization ~1El Zeigler-Natta 
• • alA- ~ I ... A J."'fl! ... ........ . A ... .. ~~ .. ~ I ... 

polymenzat1on) lJL)n1!.11~ L1111El~LflEl"lliLtl!.I91'YilJlJ1::~LL~::a't~~~acn::1J1Ln!.l1,a~ L~tl1L 1~'YI 
I 

L iJ~W11L :a~'lf El~, El~ ft'11U1::n EllJ LUll~ tliiJJ a~ 1 ~~:: LL 'YI1~1ii~ ~ l.i 48 LL~:: ft'11U1:: n EllJ 1 ~~:: ,. 
a~ ,;u- (alkylaluminum compounds) L1tJn i.J.~j~.!~.QHf.1.f:.Jl:fJ.~1..(~~~g~~r:~~n~ 2) -L ,rttilirru 

"-'" I ... ~ 1 . ... ... ~ I Ia I 1~ . • , 'I .. A 

1JDUDUJD1'YI LlJlJ111 fi!JLQ~1::LLEl~fl~'YI~"Wt1J::~el~lJ~1!.1 •JJ (a~lefin ~1£) 1-alkene) Lfi~El~ 

LllafLL1JtJLill~il1fl1~ri,~Lti'"'::Lu!.ltJ 1flt~l11111flfl11JfllJRLfla11aLflil,a~ 1fl1~rn~ltiti1v 
• • 

~1Elth~,a~i1Li~4ftnRDf-Uflfl1 ltiLLri ft11~ft'lJ,El~ft'11~::~1EJ11El~ TiCI4 nu 
. .. " 1 .. ..... .r .. .. ·' .. .. .., tnethylaluminum [AI(CH2CH3)a] L~ LD fl1fl111JEl~'YilJ11ff';11nlo\1 L~ft'11lJ1::nauL~~'11El~'YI 

Ti nn1ti1RLU~ Ti(lll) ~~1J::fi,a~LLEl~fl'U';l::LiJ~L1Jft'R7DB l~fiaL;nfi1El~LUiaafih1~ d ~ 
~ ~ ~ 

11~,El~ Ti Lnfii11Li~tfa~nu1~""::LL'YI1"Wtlii~ 

" /CH2CH2CH2CH3 

/Ti" 

2 .. !'If ... ... ... 11 ... ... .. L. ...... ""' ... .. _,... I 

L'\.l.lJ flff. 1953 Karl Ziegler UnLflliLtiEln.J'\.1. LtlL9l1tlliV4EIRLliEI'1'1JEI~LEI'nR'\.I.'nfl11llfl'\.1.1J'ntl1n1ff L'l.lfl1L1~ 
""'•• ... nJ. I ... ..... ... 11 ... _, ..... 
flu1:nEI1Jtt1tl TiC14 LLa:tfl 1:nau alkyl aluminium tlElll1 Giulio Natta "nLfl~Eltl1LRtl" Ltl-...111fn11ll1 

1 ... .J .... J 11.--.. I A iJ nJ 11 ~ t 
tlEltiEltt ~~"1LLR:unJu1~-;t'\.l. Lfltl1L1~ Ziegler-Natta 'Jf~L "ft'11Hft1J~El-3tf1 ,-:naULLIBafi~El-3 al'I:LLYI~ .. ... t • ... ... ~ .. ... ~ ... t ""'11 l .. ~t . .. ... t 
'Jf'2f'\.l. ( fltiL~~1:; Ti, Cr, Va LLR: Zr) n1JEI'\.I.~"~El-3&f11El"'t11tln1J Rl'\:'n Lll L"D R1'\:LL'n~'Jf'2f" fltiL~~1:; . . 
ath-3V-3 .alkyl aluminium 
~ • 11 ...... ...t ... 1 ..... il t "...... .. ...· fl-3ft'El-3fl1'\.l. Lfi11J11~1a '\.I.L1Jai1~1Lflll11lln'\.I.L~ flff. 1963 fltl Karl Ziegler LflnJL"El-3-;t1nn11fl"~1J 
... I ""'· iJ ... .&.... ... _,, liL ~~~~ .. .. L~ ... ""'... ... 
tl1L1-3flll Ti L '\.I.'MRn LLa:; Giul/o Natta "'11'111Jn11-...1 LlJL"DL9l1tlli~EIRLliEI'lflLfl1-3ft'11-3flli1:L1Jti1Jll1n 

i1 ... ... I iJ ... I ...~ .. ..,... l. t .. .. A 1 I "··.r I 

111J"fl1L1-3 Z/egler-Natta L Ufl1L1-3'YI L"'Dn1-4fl1 an LUn11Lfl1tlli~EIRLliEI'lflEI Lu"-;t1n a-olefin L," High . ' 

density polyethylene (HOPE), Linear low density polyethylene (LLDPE), Ultra-high moiE?cular weight 

pOlyethylene (UHMWPE), Polypropylene (PP), Thermopla~ polyoleflns (TPO's), Ethylene propylene 

diane monomer polymers (EPDM) LLa:; Polybutene (PB) 
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~BRLBfiau~l1r11:1J1J~Lii1Li~fLnRBf-Uflfl1 ~:lttnBiLBnBUfl111J,.,'I41UU'14ft'~ 
. ~ 

(high-density polyethylene; HOPE) ~~1:titJn11Lfifl11Jtfi~ueuni1JV8ft LBnBUfl1111,.,'141LL \L '14~1 
(LOPE) 111n ~~iift'111~~ftn fl111J,.,'141UU'I4 ~fi'V\afl1JL,.,a1R~ni1 ua:ut~U1·UJ1nni1 LOPE 

~ ~ . 

1fl ui1 ltJ uea fiu ~ii~ulf:fi a titJa1 u 11Jt (H2C=CH-Z) ~= l ~~ ~i1ei9h~ ~D "', a1fa 
~ ~ 

'-iuL, B f ( stereocenter) a:: fl a 11 L {ue: fl Bll ft'L fl e;1 en flii11 a~ 1 fl1 ~ wi~~ u tJ uii'~~fi eui1~ 
aiu'll'eu ~~iin11ifli1lu 3 Dil eti 3 LLtJtJ fie 

~ . 

1. riBBUJBflB f'lfunnin (isotactic polymer) LiJU~BRL11Bf~n11ifl1fl1~11.J1JJLana 
. ~ ~ 

..... .I ... • -~-~ .. .., ... .. .., .. I .; .I .. ... .., 
'YilJ,.,i.i U 'YI'U. 'YI,.,1£t,.,..,n~n,'l4,'14f1Ltl U1n'l4 L '14 'V\'141 U'"JJ1 £t utl1'14Lfl U1n\l1J fl~1:'"11J 

~ ~ ~ . 

unu11Jt'V\ 9 n 

2 .. riBftUJBfiufifaunnin (syndiotactic polymer) LiJu~eiL11Bf~n11ifl1fl1~1tJ ... 
111Lana 1flu~'V\2Junu~,.,;e,.,2JYf~niu,ilflLfiu1nutu,.,\L1u.f,etiw~uflua:tr1u 

~ ... ... ... 
ltJflaBfl1:'141tJLLnu11Jt,.,R'n 

n1Titlo::t~olllua iii ~WLtlo;toLfuLflofwaunwr~nu\1\" 

3. WDftUJBnB u nnin (atactic polymer) iin11it11fl1~11.J111 Lana 1fl u~'V\11 u nu ~ 
. ... ~ ... 

,.,;e,.,liYf~niu,iltlLtlU1nulu'V\\L1u-i1etiluR'n~m::ct1JltJflaetlunu11Jt,.,R'n ... ... ~ 

011'itlO::tlOlllU 3 iii ~WLflo;toLfULtlO~ijLL1J1JLL~U 

n111fli1~ii1:Liiuu1Je~1fl1~m~uuutsf'.l1unninua:fuifaunnin,1l'V\1:1JLana 
~ 

ifli1BtlUU'I4ltlll1n ,1L~~£tBLll£tfuf~LL1~111nni1lLR::LLi~ni1LL1J1JL8Uflnfin ~~it1i1lli 
LLUULYh ~tl,.,aeJJL'V\R1~~~1ni1ua::i1Lil'e\lllni1 n11LntlY4BiLJJofuuueuJJaow1:~nltl'~e 

~ ' ~ .. 
RLllefuuuLaunnin n11lit11Li~finssf-ufJfJ1 ~~iiieiln11n11LiiflY4£tiLllefLLtJtJ 1-Jtii~~ 

. . 

2 1.J1:n11 t1 a 

586 CM225 



14.3.2 n11'LnflWDBLIID-fLLuutt~uu\£14 (Condensation Polymerization) 

LiJun11LfiflruliuJef1:'V\11~lJoueLllof~ii"ajVf-3niou 2 "a.i L-D'ou -cooH, -coc1, ... ... 
-COOR, -{CO)O(OC}-, -OH, -NH2, -CHO, -NCO ua: epoxy n11L~11-n'U1fl1'liLiiflflR: 
t. ... ... ... ' ··-- It ... 1 • .J. -n"U') L11011fl111111fl'U1::'V\11~lJlJfl1!J1 1:i1Jfl11-n1fl liLRflR-n'U1fiLRn LlJ'U H20, HCI, NH3 

1flu1'li-nou1t1Ltl!J1rl'U1:LfiflltJ~1!Jrl'U tl1UU~M!J1~L'V\Doounou,f~Elfl11LLR:nRlntJ~M!J1 Lill 

·;nn liDUElLll£lfEnh~Ltl!J1 --+ lflLliDftnoul'V\qj --+ lfl1LliElfR114l'V\qj --+ Lflfi1:LliElfR1'Ul'V\qj 

Liloutru ~~L1unn1'1LnffWDftUJDfuvv.fu ·(step-growth polymerization) ti1u YiDiLllofuuu 

t. ~ - C"1ll ., • - '~-·.. - .. - - .... .. ~ ... ~ -nUL1J-3ffitu-uEJ LflUfl 'ViOR£l: Wfl 'Vi£lRL08Lfl01 'ViOR!J1LfiU 'WElftfl111JOL'Ufl Uft: L1'"JJUD'ViElfl'"JJ ,. 

14.3.2.1 .rt!Ji(J.;Jy_(. (Polyamietes) 

0 

+ H2N~NH2 
e~oe 

~ 0 
$ E9 
H3N~NH3 adipic acid hexamethylene dlamine 

nylon salt 

nylon6,6 
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JHftflY .. § LflllJli';J1nlltl\UlLJJOfL~~-3'lfii.tlLfl!J1 -i-3£itJ~~EJ::tilufb.Ja1!Jtl~UtJid-3LLR:'VI~ 
fnfuenlia~UR1Uantl'1"'VId-3 flLf1un11Lnt11t11il"';J1nn1tlUDBW1-D::ti1" LtllJLfll!JlJ';)10 e

caprolactam 4-3LiJ"o:,lttf'lfii.tt1-3 (cyclic amide) LiiEJl~fl11ll;e"lttuiiJ,tutAJJ1nLLan'll'EJu 
• I ., . • r iJ .. -~ ·t ... .. ., ., I ~ • •"" 

1J1-3Wl"~OLL!JnRR1!Jtl1!J"K1LLR::1-3L tl L'Y101tlEJ:lJ " e-aminocaproic LliEJ L'VIfl11lJ1EJ"tlEJ LlJ'YI 

tl1:ll1m 250°C ";J:Lntltl~mu1fl11JLL\L" (self-condensation po~tion) ,tl?4EJiLliEJf 

tuasu 6 

0
0 H 

, 

n n[eo~~H1 ~~tn 
e-amlnocaproiC acid nylon 6 

.'1f1.!!.P.fl. (Aramid) LiJ"LLEJ L1LLlt~n?4·EJaEJ:,lltf (aromatic polyamides) LtlltJlt11n 

ft'11tl1:nEJu~ii1-3LLEJL1LLllfln ~1-3,j1li01J,"IEI"~-3LU"LLEJiLLY4fin L'Jitl1-3 ti1DU1-3,D-3LLEl11lifl 

ltiLLri 'flWB1f (kevlar) LLR:: Tu&iinf (no~x) 4-3LiJ"fJl'YI1-3n11tl1Lnluusniifl~~~" Ltl!J 

u'ili'YitlUEJ-3ti ii1-3LLDL1LLlttlnLiJ"R1"'VId-3l"L'JiV~an n11flD"";JLnfl1::'VIi1-31-3LLEJL1LLlttlnnu 
~ . ~ 

V~lifnfuEJilR, EJ-3EJ::llftt1 "Lfl1-3m-3n1 l ~UD11iifJiifl11liLL~-3LL 1-3 L V~iltJ1 LLR:n"fi EJfl11lt 
~ 

;EJ"lfinLiJ" 'ALfiH 

.~t1r.l~1f LU"?4DiLliEJffl11JLLU" ·Lntl11ntJ~ffitJ11::'VI11-3 terephthaloyl chloride nu 

p-phenylenediamine l~?4oio::,uti poly(p-phenylene-terephthalamide) · R1"JY .. ~N.TJ.! LiJ" 

?4EJiEJ::llffll'1iu11 Lnfi";J1ntl~mt11LL1J1Jfl11JLLU"1::'VI11-3 isophthaloyl chloride nu m

phenylenediamine l ~?4eao~llltf poly(m.phenyleneisophthalamide) 

- 0 . 0 -o- 11~11 -HCI 
n H2N ~ n NH2 + n CI-C~C-CI • 

p-phenylene diamlne 

m-phenylene diamine 

588 

terephthaloyl dichloride 

lsophthafoyl dichloride 

-HCI .. 

t~~t{~-o- t.' ,p ~ n CO n 
0 

poly(p-phenyleneterephthalamlde) 
(Kevlar) 

N . · N ~ fH HMI "'O"o · on' 
poly(m-phenyleneterephthalamlde) 

(Nomex) 
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',,, 0 
' .... II . 

~"C'N~ 
I ...... 
H ........ 

trans-amide 
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...... 0 
.. .. II 

~c'(·· ... 
cis-amide ~ . 

589 



, 

··' ., ... r ... .. .. ... .. .l.. • . ... .. ~ ., ··' !II 'flnR11lJ.._.1'M'U.nL1.J1UJ ElL 'YI tJ1.Jn1.Jft11El'U. 'Y1llfl11lJLL,~ LL 1~VHl ')n'U. ~~ L~ 'f'JnR11L 'U. 

~aflnm,.,,h~ 'l 4~uiu~,a~,.,vla1fll1~1nn11\t1li1YhLioLn,.,:noun,.:wou 'Mll1n'Y1,.,,,. 
. \ " .. .r ... • ~ "..t . ... ... 11 ... ... .l .. " ... tZ 

L'U.0~~1n..,.1'M'U.nL1.J1Uft:LL,~LL1~ L~TI1'V\ll1n'U.11UJ ~fluD~n\U1tJ'Y1 L~~~U.ILVift~ 'U.Eln';nn'U.ft"UJ 
" w 

LfiLUft~1n,f'1WRTfiL;j~LL1~ViEl ')rl1.J~Yh~1nL'Mannft1 LLfl,{1'V\\tnuoun11ll1n 

fu,vn'1fiilouui'U.LtJ~'Y1'U.l~ 'Y1'U.fl11lli'D'U. ,r1'MinL1.11 L-ifl1~'U.1'U.n'U.l~ rl'U.fl11lli'D'U. 

~'U.1'U.l~rh LIDN1~fli1El~n'U. a'tln1nLflW1fl1~ ') LU'U.tl'U. 
" " ... ., 

,14.3.2.2 .rff.llj.~f!~l.~f!! (Polyesters) 

-VioaL·owL 'Ylof lti~1ntl~mu,.n,,.LnflViaaLllofLL1.Juiou Lii"U.n1,.u.'Y1ou~ti,uit-1flalo 
l?Ja~'MliLolift L-dou wsi,sn6u,rumun'a" (~lyethylene terephthalate; PETE -Me PET) 

"' 
PETE D1~Ltl1Ull~1nLofla"U.lnftfiBft LLft: DMT. (dimethylterephthalate) ,.,;o n1t1 

··' ... .l.. ... .r .. . . ..... ~ ~· :'1 .. ""' U?,1nunan (terephthalic acid) 'Y1llfl11ll1.11ft'YI1Jft~ L'U.Uflft:11m'U.,'U.LL1nLu'U.n11Ltl1UlJW1 
" "' 

J'IBRUJBf bis-hydroxyethyl terephthalate (bis-HET) 4~tiEllJ1LTlflVi£laLli£JfLL1.11Jfi11.JLLU'U. 
LLft:iin1,-,1f1LaflaoulnftflElft l~ PETE 

~ ... ... ... .. 
'-!~~~n Lfl1'rJliWnYDSUJD1 

fl-o-\' f1 HO-C ., _ '\ C-OH 

terephthalic acid 

tmJJ(u 1· HO-CH2CH2-0H (ethylene glycol) 
(esterification) 

bis-HET (prepolymer) + ·Hz() 

590 

dimethyl terephthalate - ! HO-CH2CH2-0H 
(transesterlficatlon) 
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bis-HET 
(prepolymer) · 

.... .. 
14.3.2.3 J.'!!!.tJ.~21!!.~~!'.!1 (Polycarbonate) 

PETE 

waif11fuatufl LiJu~aauJaf~ihnifl1fuaL'ijtHldluun141'lt'V\an ~ilfl~i1t1rufia~a • • . w 

atnfuaL 14fl-n£J~R11ti1:L1lfl bisphenols tnUL'V\qjLiJU bisphenol A n1tl~ffit.nnua"t~14f 

'li£J~nttlfl1fuaitn. L-iu ~a~u (phosgene) ua:LEJRLnaf-na~ntflflaa lt~aftin (chloroformic 

acid esters) ltiua 11LLlliln~aafl1fuaLufl 

+ w -Q-' .1~ 
~~Jy~ 
carbonate 

group 

'WEJRf11f11DLUmJa~ bisphenol A LUUM£JfiLll£Jfth:L1lf1LfiEJfJJEJ'WR1wiin li~114~1tl 

LiJu~a1wiln lw LLR~-i1~iiLURJ·h14 ltii11J1n ilfl11liLL;j~LL1~ LiJu1wfl~fl~nu L 'V\itt11 nu • 
fl11lli'au ilwliUll'V\R1tJ£Jd1~fla1tJ PMMA ut1u;i~u1~1J1nni1 li~1ulu,b~am'V\nii~n1'1~ 

I • • 
ni1 LLR:Tlfl1LL~~ni1 PMMA 

t.l1: 1v~1!-na~'WEJRf11f11EJLUfl-na~ bisphenol A illl1fl1J1tJ L~u l in1ft'1ut.l1:nau 
" . 

rn~aLftn ln1itntf n1:~ni11ziv LLiui11nv Lft14RLLi14fl1l11'V\1l'nLu1 'V\1J1ni11,zitJ n1:~nnu 

n1:R14 1l1~14:l1J 1fl1L1~ \,fl14~1141fl1~m~ ~\tfi~LRfit11tl£JLLR~ UV Lin1'V\i~fl1f11~Ltl14 • 
,ja~uw~u14'V\a~fl1, LLR:n1u~ufilua:tiiiltl'1t1 . 

'WEJRf11ruEJLUfMJ£J~ bisphenol A Lfl;t11J11nt.l~mt111:'V\i1~ bisphenol A nu NaOH 

lfl'Lnaa 1'11LfltJll-na~ bisphenol A 4~L~an1tl~ffiv1tianu~anu~:lt1~aatnfu£JL14~ 

-o-c~ HO 9~0H 
CH3 I 

bisphenoiA 

CM225 

+ NaOH ---.. 
e e-Q-CDH3 e • . e 

Na 0 ~ B C( ~ . li 0 Na 
CH3· 

i 0 II . 

CI-C-CI 
(phosgene) 

+ ft -o-CHDir O-C-0 ~ 0 ¢· ~ 0 
CH3 n 
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A Ill . -' 

14.3.2.4 .rf!!.fj.Q.1.rr!Y. (Polyurethanes) 

v1n1u 'V\'!otnfmLllfl (carbamate) LihuBRL 'Y1Bf,.o-3n1flfl1f111Dn (carbamic acid ; w -

R-N~H) ii'Vla.ifl1f1Ja\tam-3~14tr.:n1J'V\aJ -OR LLR:'V\Jj -NHR 'V\'!0 NR2 u;L 'Yl14Lfl;Ull .. .. .. . .. 
lti.,-,,ntJ~ffim1:'V\11-3 ts f'llt'lltl1'u" (iSocyanate; R-N=C=O) ti~uaanouaa'V\'!£J~14£JR 

R-N=C=O + R'OH 

isocyanate 

nucleophilic 
addition 

~ 
R .. N ... c'OR' 

H 
urethane 

M;o carbamate ester 

'Uf12 'V\aJ (diisocyanates) .. 

592 

OCN~NCo· 

~CH3 
toluene diisocyanate (TDI) 

OCN~NCO 
hexamethyktne diisocyanate (HOI) 

O=C=N~CH2~N~C=O 
diphenylmethane dlisocyatiate (MDI) 

O=C=N~CH2~N=C=O 
bis(4-isocyanatocyclohexyl)methane 

(H1rMDI) 

atJil14.5 !fJ ~D f 'lff'li'U1L Ull,f4W" LLtll7LLlJflO (LLtl11J\4) LLR:LLtl iu ~iln (LLtl1th~) 

.!l.1!J.d:J;-1!1lim.FJ:J. 

O=C=N~CH2~N=C=O + HO-C~CH2-0H 
MDI ethylene glycol 

r ·. 
t~ _f\_ __r=\_ -~ . L 
C-~~CH2~~-C-O-:-CH2CH2-0jn . 

H · H · 
urethane Hnkage 

\u poly~rethane 

aoJYullthane 
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n1li'lfJD:'VULL'Y114tfJ8861:\tfw~ae,1o (polyurea) 4-3iJfhUL~eUJ~L'!ULL'Y114~7L'Y114 
tu1fl1-3R'f1-3 L~U . . 

O=C=N-o-CH2-Q-N=c=O + H2N-CH2CH2-NH2 

MDI ethylene diamine 

! 
t~-~-o-CH2-o-~-E-~-CH2CHc~h · 
· H'. H H . H 

/ (urea linkage tu polyurea) 

potvurea 

naliR114EiEI14LU141-DLfu'),EI-3JVDBtnftflD6U1:111m 40 'VIU1!J ~,t,.;l.LliLLa:nfl'VIUU .. .. .. 
w1u~L ,aa4-311111n~'l.i.1uL~allu'!L nu 'VI'l.i.1uL~alluL'!u LLa::1-3LLQ 1 1Ull~nLilunall1fl1-3ri1-3 . 

.. . .. , .. I 

w1uLL;j-3 4-3w1utf,,lli1nuw1uLL;i-3,1nl•~uLLn::1.Ji'uLLu1LiluLtiulu ,,,tiuiutu~Vfl'V\UU .. 
ll1nLU14~Lfl~ 4-3L~EIYiEiiLli.Eif21U1Ui1LLR11::'VIflnft1Jft11.JLtilllMlll1n .... 

14.3.2.5 .rf.i~-~'r!!HJ.'i (Epoxy ..&sins) 

'1iuswDn41LiluYiaiLllai'i1-3LL'VI~Lnfl,1nn11Lfalli111~-ru.ieVian'.B -,1a1-3ev.an .. 
l'lftl11n1liLnnnw1wsa,vDf ''iuswsnfi-3th::naui1u 2 ft'1u fie· w1wsR,vsfna-3L'V\ft1 .. . 
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.ttl .. T..J ' ... ., ~ t.l ~ iJ .... .!! af .... • . I 'Y1 ·1:nB1Jfi1EJ\'"DWEiftLliEI1B1EJtm') ft1EJ'Y1-\Ift'EI.:JL '"~\fEIWBn,. u.a:ft11rt1\~U.~-\I (hardener) . 

L ~'" lt1a:iiu lt11a:iiu ~1aualitlu.nu ltrlt11tf 4.:~ Lnfln11L talr'li1lltl1EJn17LiJfl1-\lawan l•t\ 

n11LnflL1liuawaniJ~-\Iii 2 iutta n11Lntlw;waiLlleftfiD'JVsni (diepoxy) LLa: 
n11L fe11i1ll 

... ... A 1tf IIIII _4!! 

.m!~fJJJJJJ.~l!ifU~1~ftt~!lfl"-fltJ.?. 

w1JVBRUIBflt1~1nliEIUEI_Lll£lf 2 1fUfl ;A-\Iyf-3~iJ1o'~Yf-3niu 2 LL\Ii-\1 L~U ~~MEJ1 
1:~11-\1 bisphenol A nu epichlorohydrin LUl4n11LntlWEIRLliEif"tJ1Jiut11EJn11LiJtl1-\IBWEifl 
l•tll u eplchlorohydrin lt~ EJU1flale l ~~~1n bisphenol A, l\1w.eiLliDfrl utfu ~ii~liaw on'ii 

' . ~ 

• ..t ~ .. ' ' 
E1 EJ'Yit.l ft1 EJ 'Y1 .:1 ft'EI-\1 tl1U 
~ 

prepolymer 

.01!~~!-J.~i:u.J 
Ljj E1 ~ft'll B11-rf-3ft'£l-3 tnU't:LntlWtll Lll efLL1J1Ji1-3LL ~ f-\lli1~1M11L fo ll.j1ll~~~~ tfJD 

. . ~ 

wsn~1nw;woiLllofLi1t1"uJnult~tJI1nl1l\tuf~ t'!N lfle:iiu l.rlliLanaL~EJ1~U1tlunll . . . 

,.EI~WEIRL~OfLL1J1JTl-3LL~ tflutn1ftLLf-3tl1 'YIUfnU f-3\11ltJ~ftEili'M1e(u1t.lllilt1 
~ 

. . lfiEJ,t1'ltJ1ft'flDV.DniJJla&J,j1LfJ\I.&n1fltli\tlfltt·:n\1J1 flU&n1LfliiLLR:fl11lli'au Sj 

ft'11UiLt-3nfttl LLft:LiJUQU1\Ll~~i~ila.t1n 1-3~n-~1ll.)1.JtJ1:~rltl,i~R1!Jtl1U lifl1R 1Wfl 
LflaouR1 r11i1flilfl Lilun11lllridt~fttinuta":ltllftfJuQu,~l"u.~-31-311BLRn'Y11o\tnl 
ua: liiilu1wttLt-\ltJ1tttoulttii • 
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14.3.2.6 .RYJlJ~:J1~~~M~.~J.'l.{f!@ftfN.Ilf (Phenol-Formaldehyde. Polymers) 

9Jouaft-~ afLLllnflllJtf.., 8ft LliBf L'fiUYt·BftUJ afi-3 Lfl11::,( LL1J1Ji1-3 LL V\ iiia'Y11-301'lfl1 
L11LflDtt~l (Bakelite) fl1lJ~fl'U..,1J Leo Baketand L~at.h::ll1n&. fl.fl. 1900 IA-3L~3H.Jftc;)1'11n 

'U 

L'l-3-31'ULL'lnlouiJ fl.fl. 1910 ..,aiLllof-.uilfldiflfl11ntJ~ffiu17::V\i1-3~"aanu~afLLlJftfllDt1 
Lc;)u5ln.,-t~V\;aLuwLiJ'Ufi1Li-3 V\~ -OH LfJU\1~LV\nLfinfl1~'" ~ofLLllaillrrt1~-3rhtJ~ffiu1~1-3 
Lu".1i"~f11LLV\li-3aa1!nLLft::w1n LnfltJDffin1fl11JlL "'"4-3iin17,itnl1 ltitfl7-3Ri'1-3~5l\J\~ 
LlJflft'U (-CH2-) L~DlJ'l::V\11-31-3LLOL1LLlJtlfl 

OH OH 

+ 
-H:z(> .. 

.._ A -~ 

14.4 ftiJUfltiD"ftDRLIJD1' 

..,oaLa.~ofLrJou1liLafla,ou,t~l"qj~i1•11Uilllllf11lltl1 liLLri im1,ou,e-3vulaLllof 
RlJUtlLflii 8lJ1J~Lt~na LLa::RlJUllLt~fl11lli'Oou t_d-3L~U1ttlD~n1JLL1-31::\111-3LIJiLtlU5l~fttiO 
.,-tJtHLLn'U\1anlout-Jt..,oiLllof LlJLana..,oiLliDfLfJ'Ul'Jtn11~5ln1niouLriu1\1'iol'l1noultJJJ1 
'U • ' 

IA-3LfJ'Ui11iufiL~u1io-3tiufl11lJLL;;~LLn::n11Utt\1dutl'1u • 
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~··""--

14.4.1 r",.""-i··"'","'"iiuatt't~1\1ft.f,"n1Hrt1fttJo""aaLuof 

wliUtiLt-3naLLa::wa.niibt-3fl11lli'ouLih~Na~1n t"'"'m"'n,-3Lflii· ih~m:f11-3WLfla; 
laLflii LLa::R'n~m::n1un1v.-na-3 Lfl1-3.n1-3 n11Luou.NanLLa::R'n~m::aimJ1'W21EJ-3v.aiLllaf 
.t ,¥.,.., •T .., .. 
f1-3'VlllfiU~::liNanuLL1-31::'Vl11-3 LliLana-na-3woaL11El1 . . 

.., ... .. . ' 

14.4_. 1.1 §.P..'J!.H1!.1!.~.rtP..fJ.~~~~?:f (Polymer Morphology) 

LU141ULLU1J Ltl t11111-n EJ-3 Lfl1-3 wi'1-3v. eiLll ef Lri tl1tlU1ili1-3LLa::1iifl Lll Lana l u .. .. . . 
wrnou::1JEl-3LL'ii-34-3ltiLLrl n11Ltlu~an n11Lnflfl"' rn1Lto11-H'111 ,r,'Vlun LliLana • 

if "" "-111r!.1J.'J.1.t.Y.~!!J. (Crystallinity) 

v. ei Lll efLuu LliLRf1R11U1fll 'Vl qJ~iiLL 1-31::'Vli1-3 l11 LRflR LLa::iin11.~ouLrl r.n-n e~ ltrl111n 
fl1111 ti111JJ £1-3 Lll LSflS'Vi ai Lllefn1l~LnfiNBn,'U1fll 'Vl qJlti tl1n4-3lli L 'Vlii £lUW11a'U ,;rr,t1 lt.J 
LLfiLnfiNan1::t1ul11 Lfl14-3L1un MtitJv~JSn (crystallite) lti Lfl1-3Wi'1~n1UTl1V.IJJEJ-3?HliLllef 
~-3El1';1LuouNan 'Vl1eutloueimJ10U wqiln1111-ne-3v.aiuJef~"'ii a R'ntim: fie djuNan eim 

J1'U LLS::'Vl a Elll 

V.ElftL11£lfU1-3~\tflLU'ULLU1JElRnLJ1~ElU1-3Ltlt11 'Vi&ftL11Elf~\ttlLYIElf11efia1Wflnfhou 
l'VlqJLUULLU1JLRu'Vl1eiifl-3LRn\tou • JnLU'U~-3Nftn (semiaystamne) f\aiii-3tJ'iL1nl~LU14'MU£l11 
Nan L11LRflRUflnuti1~LL1-31::'Vli1-3 LliLRflaefl1-3£ieou LLa::u;L1meimJ1ou'Vl1~w1ou~ifli1la.j .. 
Lilou1::Luuulout.,,-3rn-3 

owoiuJofoimJ1'" ,..oiLllofA.u~an 
(amorphous polymer) (semicrystalllne polymer) 

. . / 

1t.lf114. 1 LLtJtJ~1a&.:J lfl1.:Jwnan1EJil1fftJO.:JoweiLllofoimJ1'" ll1Lana1fli1lajih:aihn.J 
.. (41EJ) LLat?felwef~.:JNin (,.,,> ~.:JiJ,f~u1L1mflfflti1~ilu·r.ailvu u;,,m 

Nftn LLI::ffltt1\aiLi'J14W~1JEJtJ ~1o11i£1msiiJ&.fm 

· lun1::tJ1Un11fln~ilnv.u11l'Jt~fiaui1·nfufttt1i\ulfl1-3m-3uanltiL;1.n11LliLana 
' . . 

~iil'liu11 1:tiun11Lfiflv.oiL11af (degree of poly~rlzatlon; DP) ~-3Luuif~iutu1qJ~tJon 

~ 

\ .. 
~ 

596 I CM225 



... T_s .. . .J iJ A ' 
1. snl!I~&"DV1l7tUYIL uusn: 

£1RLtl£J';laLfl00LfJ~1:LU.tltJ 8~1LRll£l L-i~ ~£lRRlfl;~LLtJtJLDUr7ninL\,'U~£) 
RLllafaimfl~· tn'ULLtJtJfu~fDunninLiJ-u~aauJnf~~~ftn 

lfl1~m~lliiifl~\111£J£1Lan\l'aEJ L-i~ ~£lftL£lflftU£11fl1~m~LLtJtJL~~iJ'U~£lR 
Lll£lf~ftn tn~LLtJtJ l1Jifl~LiJ'U~£lftUJ£lf£JRmfl'U 

2. U1,JnV111,Jf1JLRnft: \lla.iLL't1'U~l!J\ltl£1-i1n1\lfLL1~1:\1111~ lananaLL;j~LL1~ L-i'U \1\JJ . . .. . . . .. 
L£lRL 't1£lil~~£lftL£lftL f1£lf LLa:1~LL£ll1LLllfln~.J'£l~£lth~LU'U1:Lih.JtJ 'tYDftLDnau 

LYILmUYILftfJ f11\lf~ftnLL;i~LL1~;f\lL-Ji'Url'U 
.w-c--Q>-c
-c--Q>-c.,.,;,.,., 
-c--Q>-c-

A ~ A ..,. ~ 
3. nnv1un11flnusn L11~ n11ttn~an·;nn~atUll£llf1'MR£lJ.J n111:L\IIEJR11R:a1u 

1.1a~~ftn n11\lffl11lli'a'U\ul!1lfqpn1~~am\111lilL'l~1:: LLR:n11Ufl LU'Utl'U 
' c . • • .. 

R111~n11Lil~~ftn£1~atiamJUin1EJ111~\IIR1EJti1~ L-li~ 
..... ~ .. tk RUtJflL 11~nRtl1J'U 

,)~J.J1n(~ ~aiLJ.Jaf~<3Ninlln~:,)-u Lda~~nnthti-DU~nn~u;L1maim•1ou · • • • 
LLa:u;L 1mNanfi1~nu ,, \\tLiitln11n1:L,~LL•~ 

fl11JJ\11~1LLU~R~(u .. 

14.4.1.2 "'"-r.:M11, fJJutns .............................. 

V.£lRLJ.JOfL;JJU.Rfl<3mJUiLt~nR L-Ji~ fl11liLL;j~LL1~ fl11J.J'MilEJ1 Lil£ln11LflflV.£lftUJDf . 

a~'l':tltJ~~:LLRfl~ftn~m:'ALfl~ .t~(~ntJLL1~1:\IIi1~ laJLRORV.£lftLJJ£lfLLa::t.Aanmn1'ffl~LriEJ1 i • 
1.1£1~ l'Ji ,{1\1\U'n laJLRnR~1Rtl~V.ORLliDfLLRfl<3RlJUiLi<3nR· ('UntJ lfl1~Ri'1~f11~Lfl£1 LL1~ 

" " 
1:~i1-3lanana LLa: lfl1<3m-3n1EJ111V.11D-3v.oiLllaf 

" 
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LL 1-31:1'\11-3 1l1Lftnft,_, fl-3..,BiUJ afLiJu-uitfl L tl U1n1JLL 1-3~ LTlfl1:'V\11.a 1a.tLRnft,_,'U1fl Lftn 
. . . . . ' 

LLfiL rta-3~1nWaiLllelf£i,_,U191\'V\qj~-3R-3UafiflWlJUifl1-3n1tJ111Winn 1flULQ..,1:LL1-31:"11.a 

1liLftna-uittlLLt-3LL1-3~n1l~LnJUflrl1U111'"lian,;m:L~rn: LL1-31:l,i1"lllu~nRLLU-3tl1llfl11ll . . . . 
LLt-3LL1-3ltfi.ail' 

1. P.i~P.!~{Q.IJ..f9!9!! LUULL1-31:'Vl11-31liLi~R~LLt-3LL1-3UPULttl wutuwaiLllflftJn-u\ltl 
... ' 1 ... " .... ~ .J . iJ iJ .. ""' ... ' . ~ ' Lnfl't:'V\11-3 lJLRna-uUtl Lllll,_,1 ·Lll'U LL1.aftDUfJDU L 'UL 'ULL1-3tl-3fltl'nLntl1:'V\11-38111W-u1 . ' .. 
Elrl1-3EiflU~~JnL'V\dtJ1\11t~Lnfl4ui1-3fu')i1-um: ~~nua-n1wn11Lnfii1 (polarizability} 

-n a .a luLa~a lt1 ui1 ltllliLRfla,_,u,~l 'Mqjni1~:Lnfl~111w.ff1 lti111nni1 LL 1-3-uittld~.ail 
fl11llft1f1ru\ 'U.~fliLllflf-u\lfl lJJii.ff1~J1'V\UnlliLRnft ft'-3 n1 \~11JLL1-301:LL fln ltiiiL IIJtu ~fli Ul 

' ., . . .. ' ' 

fiau~J1'V\Un 1liLRfla\1-3ii.a (Uttra High Molecular Weight Polyethylene, UHMWPE) 

J1,.,\l'n 1l1La~a\1.an11 3,ooo,ooo g/mole ~"t-Hn1L~nLn11:nun1::~ 

2. U1.J1:M11.J tf) fw1 LiJULL1-3tl-3tlfl1:'Vl11-3'Mah~-3niu-.rruflii.ff, Liu waiLElRL naf ............................. .. .. . 

LLa:l1itRWfliLllflf nuflaa1u~Ln1:nul-rl'Vlah I' 

3. JYUJ":trrf.,1U1U LiJULL1-3tl-3tltl~W1J\U1li~LanawaiLliElffi£1'MIJ -OH 'V\";El -NH .......................... .. . .. 
L1iu r.ail1itaLLflanauatf waia:l11tf 

4. tYt.ur:tsssiln LUULL1-3tl-3flft1:'Vli1.at.h:~fi1.a-u\ltlnuwutu?faiLliElf~ii,.,JJfl1f · ······················· .. ' . ' .. . 

uan'Ba 

0 

AN~ 
I a+ . 

' ~ 
oa- . 
)lo~ 

coo-

~. 
tioum:lDltt"Jt1'U- ~uclnnaitn 
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1wf1Vtl'V\th4 Wtt1v-nJn~rleuiifl • .:. tk 0 tttm::r.Jfl fl11~r.J11LY.UJtt!U'V\R1r.JL'Y11 ................. ... 
. . {eWmJ1U) t~Lanan-r.:Lijvu~1nni1Ltill -" .. LLR:~an»m::~ana-3 .. 

,.t.lff 14.& LLuu'41a e-3ti1 e d1-3fl11~6twune-3LL 1-3-r.:'V\11-3 llJLanaLLa:fl11~L ilu -r.: Lij v1J 
.. ttt£1-3 ta.nanav-.eiLll£lf • • 

LLR:THLL'V\ 

r ... 1' ..... 1 -: . ~ 
1!'1.'-'.U.tJJ!!.H~Q.'!= t11'V\un JJLRflRLVUJ fl1 T9 ~\1~u 

fl.?.!Y.nf!"-~1!= l1Jinilfi'Vl~uJJ1n T0 ilth1l'ou l'Ji~lllilt~'Vl~" T0 ilth\1'-:~ 
CH3 CH3 CH3 CH3 
I I I I 

--Si-O-Si-0-Si-0-Si-0-
1 I I I 
Cti3 CH3 CH3 CH3 

CM225 

polydimethylslloxane 
T0 -12~C. 

·n .. ,.,~w.nn 
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H1'l~.i.!~l'I-U!Q.'!: U1~~LLf-3LL1-3 n1\toffh Tg ~-3 L~U PVC li Tg \1-3ni1YiElfilvrmau 

LYi11:LL1-31:'Mi1-3lliLRnRLLf-3LL1-3ll1nni1 Lda-3~1nlfllYiRtt!El~~U1J::li1f1 C-CI . . 

fcH2-yH+ ~ fcH2-yH+ . 
CH3 n Cl n 

. v.oilv.TAiu PVC , 

T
1 

(C) -20 87 

1'-~H.~~.tf: 'M~UflU~tt!U1t1\'Mqln1l~liLRflR'M~Ui1R-3 Tg 1-3lifl1\1-3 . 'M~Ln1:~li 
LLtt!U-3UR::'M~Ln1::f-3ilfl11li'VIU1LLUUOLRntl1B\W1nn1ltofti1 T g L filiL~unu L~'U. 

CH3 ~ ~ 
tcH2-CH2t fcH2-yH+ fcH26+· fcH2-CH+ 

(HOPE) ' ~I ~ 
T

1 
(C) - 110 -20 100 151 

!1.?1l:!.@Ni111.= n11L folli1li1:"Mi1.J l..t~1nt1n11Lttiau~ua::n1ltofti1 Tg f-3 

-14.4.2.2 .flJK11.{Jii.'I:U!!!11. (Melting Temperatu~; T m~ 

i1'Mi'uv. ai Lll afi-3 Lttn::\(•::~n~1 am 'Mlln'Ma Elll NRn u~·v.1::v.a i Lll afL nofll a • • 
YiR1Rtln tt!N::~YiElftLliElfth::LllflLflElfllaLf"1::RR1Utl1~Elm\'ll1ijft-3ll1nni1Lfiftn11\l\RElll • • • 

smMnDMftBJ/NBnLiJuam"Mllij~,,t~v.aiLliElf"Maall LtJiuuwa1u::•1ntt~D-3LLf-3 . " . . . . 

'M1ElVfl'M~'U.LiJUtt!El-3L'VIR1'M1El,B.Jl'MR Yi1JlU1liL1m~LiJUNRn Lrlu11io.Jn1Jn11RR1ULL1~ 
1:"M11-3lliLRflR if•iufti1Natie~m"1Jn"aall lluri ltt1-3m-3n1-3Ltti1 -uu1tiLLa::Jlln,-3-uo~ 
'MlJLLfl'U.~ tti'U.1fi,El~ lliLRna tti'U.1flLLR::411l114lfttfl~ YiORLliElffti1LL1-31::'VI11-3lli\RtlRLLf-3U1-3 

tl \ I \ 

ltiuri Yi1n~i1"Mllunu~,ilfli1,f1luunu'VIin L-.du Cl, CN, OH n1l~ti1 T m •~ t'lt~~i'tJ .. .. 
41'U.1Ul'Jtfl-3tl1ll1nn1l~liLRn&El!hJi1-3rl'U.fh T m '-3RtiR-3 

• • • 

600 

-fcH2-CH2t-n -fc~.;..CH2t-n 

HOPE 
LL1J1JLR 

137 

·LOPE 
T ,: 

· LLUU~..tfl~ . 
115 
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14.4.3 aan1iLi\1na (Mechanical Properties) 

~ 811UfiL~~na-na~vHlftL11afLiluinttm:La.'Vi1::4~th~ltJ';l1n 111Lana-n"1tnan 1flu .... ·· . ~ 

L~tJ1-ia~nu'Viqiln111l'ViaiuJafznu1t1fl;1~lti" (stress) LLa::fl1111Lfl1tJfl (strain) LiJ"a~~ 
uanL~'Y111tJ11ViaftL11afLLtia::-u\ttt'l:ilnU1~Jth~ ') tialtJ\fLtJ"arh~l1 Li" fl1111LL;j~LL1~ 
(strength), fl1111LL;j~ (hardness), fl1111L'V\iltJ1 (toughness), n11fl~Jtl (stiffness), fl1111~~ 

(tension), n11~tl (elongation), 11a~is (modulus), n11LQa" (shear), n11nflDfl (compression) 

LU"tl" 

th::1u-u11'Lt1t1tyt11""d~tian11111'WaiuJaf111L,n"n111nH1 4~tia~L'li1n"ltinu 
LifaLi1a ,,..,,x,~lti'Lil"ath~il LLa::Lia11R1l1Viltivn~i11l1Vi 1flurlausa1ultifl111'D'1111-u1ii 

'V\1a 1flu1nn1~~11l1Vi Li" La"l•lf 'V\1a';la~Vi LLti~Lil"vtaiL11aftr1111-u1iiLLa::ViaiL11£rf 
~ 

~ .. 1 ..J .. ..... I I ..l • II .. 1 , "'il .. - I 

8~Lfl11::'V\ tHh11'V\"1Yl L"LL~tl1~ ') L'D" fi1!11UfUIII ,.IIUIULLNB L 'Mff11!Jfl"fl -u1tJ 

1::uu-na~n111.h~ a ui1 u1 n11i'nW1Yf" 
.. A .. I ..& - .. .. ... .. ..& - ll .. .. -- ~ 

1. "n11~1 La tJ~~1"LtJa 'W aaUJa1';l::tJtlfltJLIJJaaLUatJ~1 Ltlfl1111 RlltJtlLQ 'W1:: L ll" 
~ 

"~1 "• ~ liT ll., · ..... • .- t¥~ 111\1\"n 11Lanas~ -uau111 Lntl'Vi"n:: Uhtl1L'l" .,., LLa::11LL1~tl~~1 'ViaaL11a1tl1::Lnn"-u1u 
~ .. 

~1LatJ~tJ1~h"Li1au1L1nl.tl1~ ')LQ'Vi~::LL\J\~ Li" 

"-~~-~~H!J.rl!J.flti'Lui PLGA 'V\1a poly(lactic-co-glycolic acid) L iJ" 'Vi a i Lll afi111 

1::'V\11~n1fl ~nRfiDin (glycolic acid) fl1.Jfl1tlURniln (lactic acid) -!i1tJ~1LatJ~R11 
.. .. .. • .1-~ 8LfltJ1atJtl R11tl1"1J::L 1~ LL~::R11JJ!)111~ 

"-~~n;.l~ff Lii"'WaaL11afnn11-u1il lti'11ni~ii'Aifl 'V\1J1u 11fl1la.iLLVi~ Li" L'la1il" 

flaaa1L'l" LLa::LLaauD" .. 
• ~ - .. ..l..l 1 ..& -~ .... ~ - .. - - .. ~ .. R1'V\11J'Vi aftLll a1Yl'D1 tJ L "L'1a~~a-3n"11Yl-3'ViaftL11 a11r1111-u1tt vtaftLlJa18~ Lfl11::'V\ 

~ ~ • I A iJ • .. • .. .-.,I..,. • tJ ~ -~ 
LLa::18fiL1J~lJ1::nau'JJ-3L "-waauJEJ1~811R11a""'Y11tlfllla"1l1fl~"1tlLftn L "1Rflatln" 

~ ~ ~ ~ 

'ViaftLllaf~\ifi1Yf"Lfltt11ltiLLrl PMMA resin 4~L'V\iltt1LLa::Yl"fl11LLtlfl~fl 

!itnfiuaJ li'WaftLllafL-rl" UHMWPE 4~fi1i11t11::,nf'fl1111Lfttttl'Y11"~1 n"LL1~ 
n1::LLnns~ LLa:l,.IILiluuNa L~" l'V\llft::ft1tl (absorbable suture) lti'LLrl 'ViaiL11af~a~n1fl • 
~nRfiDin (PGA) LLft::vtaftLlJaf!Ja~n1tlURniln (PLA) · 
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jfl ~ .. 
LLUU DMfl Uflfl 14 

1. . ... · ....... Lih~lliLRna l'llu11~o,,\.;,,ntr11li-J1il ~1oi~Lfl11:,.f(u3J1 lttuSin11 • 
L~DlllliLROR1JU1tlLftn~iU1Uli10L~1i1tlnU • 

' ... .. 
(1) 'ViR1Rtln (2) 'ViORLlJ0"2: 

(3) n1tt\11flian (4) n.,tt\,aru 

2~ 13JLRn.R11U1ttLAn~L ~olltionu~iJu,.oiLJJoil -iLL .,~~1o~uc-nutt ltt • 
(1) LL1~ROUtlOU (2) LL1~1::~11~\tt1~R 

(3) ~uc\tr1tt1L1U (4) ~UC1flL1LRUi 

3. iolttLiJU'ViORLliOfR~Lfl11::,{ 

· (1) L'JfRRlaw i-Att luRou .. 
(2) L1'iUa~onf L'JJRR 1aw\UL'r11fl flORR1L1U .. 
(3) Lfl~R1f ft'LLUULtln.f ~0Rfl1ftJDLUtl 

(4) LtJLflDlRfi' 'ViDRl'JJROOL'JJU lfl1T1LL'JJU . 

4. io ltt \lil1i'ViR1Ran 1nflz1m-.1 

(3) 'Vi0Rfl1ftJDLUfl (4) ~oal'Vi1VfaU 

5. ioltti1tiL~llfl11liLLf~LL1~L1frliLROR'ViORLliDf • 
(1) n11l~fl11lli'ou (2) n11Lfoanl'111 

(3) LL1~ROUfiOU (4) tfQmU1\tr1fl1lR'iR 
..1 .. .. .. .. 

6. UJOLOfl~.DRLlJ01LL1J1JLtllJ ... 

(1) ~ucfilullOUOLliOfu~otJluMORLliOf .. .. 
(2) iin11LflaouaLRnfl10U\tftl1li11JlViORLliDffiLnfl(u\i 

(3) ~Utr:flLUlJOUOLliBil"aLRntl1BULUn11m~WUCrl1JlJOUOLliDflliLRna~u .. . . . 
(4) nnnn-n'a .. . 

· 7. fl11liLLtlnti1~1::"11~ HOPE ua:: LOPE t1oia Ltl 

602 

(1) LOPE £1n11LfDliYlliLU1liLRfli~BRL~Ofll1nn11 
(2) LOPE 5:il'Jifl~ll1nn11 
(3) LOPE LiJU~ORUJonsGtlLtllJ nu HOPE LiJUMBRLliDnrUflfl1tJLL14U 

(4) Lfl1tlll,10liOUOLliBfti1~,ittlnU 

\ 
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8. n1ltl,i'1Lnfi4~1:'Vli1-3U~MU1n11LfiflVUlftUJ£rf LLWfl-311 

.(1) 'Vi£lftUJ£lf~liLil~1filtlf!11JLL\L\t 
(2) LU~ Vi en L11£lfLL1J1J LtilJ 

(3) 3..n~nnn1tlltlfnf11en•an 

(4) tlnffirnLfifl~.h~n~llaon: ' 
ilol ... 

A ~~ A -~-- A ... I ~·..r..... ... ~ l ,. .. ,. I 9. 'Vi£l6L3J£l1'Y1Lntl';l10lJlJ01ti1011Lf11J 1JW1~'Yl~ 1flqJ'Yl~tl \hfl1-3W11.:1 L3JL6~6'V\~1!J ' 
• • !J£l!J fl£1 ... 

(1) 'Vlliti.:~oLftnf11£l~ (2) ~~li C=C 
'U 'U ... -"' ~ (3) 'Vl\ftl'11£JLantl1£l~ (4) 't1'11 1, 2 ua: 3 

A A ~ ... A ... ..... ... ... ~fl! I ~~ ... I I 'lf.l..r 
10. 011LOfi'Vi£l6L1J£l1U1J1JLL£l~ L£l0£lU Lnfl Lfltln1JU£l6fl~'Yli.I'V\1JU'Yl~'Yl'Yl'Vi~1J:flfl£l LlJ~ 

.. 'U 

(1) -C=N (2) -C02CH3 

(3) -CH(CH3k (4) -COCH3 

11. _,,tl,:nn1JlfltinltldL~e111Jtiuui1,:ltl'rinnwlfl'i~ 
~ r(YOH 

(1)v (2)v 

~ 
(3)u 

~H 
(4)v 

12. L'Y1~6£l~ (PTFE) Lnfl';l1n1J£lUOL1J£lflfl 
H Cl 
c=c' H2C=CH 
I \ I 

(1) H H (2) CN 

F, ,F H2C=CH c=c 1 

(3) F )= (4) COOCH3 

13. wsiuJsf!N~1iRutf" (living polymer) linri1Jl~t.J~ffiu1U111Jltl 
(1) t.l~ffiu1~Lntul1uue~leeeu 
(2) 11~ffiu1fiLntlN1~LLflflloee~ 
(3) tlnffiu1f1Lnf1N1~e~1Jaon: 

ilol • 'U 

(4) tJ~ffiU1U1J1J lfleefiiL ~-i~ 
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14. vuJiu.urfuuu.tfultiuri,;'olfl 

(1 > LntnnnuouoL~ef~il""~?f"ni1.Leth~\l'eEJ 2 ""~ LLa::iln1m1it1 luu~11a~u1tnln 
(2) r~nn.JR EJuutJa~·;l1nVi efiLll efn1u-u1illfl viht1~ Lflii 

"' 
(3) Lnfl~1nueueLJJaf~ilwum:~luluLafla lflEJtJ~mEJ1n11Liill , 

(4) LiluViefiLuef~ile::flelllul'iLLnu\J\an (backbone) Liluwf1Ltl!J1nu 
.. , :'1 - .. - .,_ t 15. 'lJEI fiLu1o'ViEISLlJEI1LL1J1JLflli'YILnfi~1TI e hene. 

(1) PVC 

(3) polyethylene 

16. Polyethylene LU'U ..... 

(2) Kevlar 

(4) P~TE 

- .. -(1) ViEILUliEI1LL1J1JLflli11El~ ethyl ethanoate - .. . (2) ViEISLlJEI1LL1J1Jfl11JLL'U'U'lJEI~ ethane 

(3) lulfl1fl1fueu~uti'1 
(4)lu1f11fl1fueul~~lltl1 
t.l-- • lt.l.r .. 17. lJn1tJ1flEI UflEl ..... 

n~OH + nH2N~NHz-·~~~~~ 
0 

adipic acid hexamethylene diarnine 0 nylon 6,6 

+ n H20 

(1) n11LnfiViElfiLliElfLL1J1,1Lflll . (2) tJ~ffitJ1n11Lfllt 

···- ., - - .. ~ (3) ul)n1!11n11LL'Y1\l'Y1 (4) n11LnfiViEI&UlJEI1LL1J1J'lJ'U 

18. ~EifiLllef~Lnfl~1nt.l~mtl11::'l-111~ HOOC-COOH ua:: HOCH2CH20H flEI1i'Eilfl 
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(1) 

(2) 

(3) 

(4) lliih·:Lijuu,f" 3ltl1'11rn'l1 

21. V4niuJniluinltls:inm"Mniln.Jiuuwn1vnLn1 (Tg) """" . ... . ... . 
fcH2-cH+ 

. ' (2) 
CH3 

tcH2-c--t 

6 (3) (4) 

22. LL1'111:'M11'11111Lftnft~ittlltln1l\fwn1?4n11LiJuFoJ&nlu~niuJnfL-All;f14 • 
(1) LL1'11ftD14tlD14 (2) ~14tr:: l11 lfl1L t'\4 

(3) LL1"1:'M11'11lfll~ft (4) ~14m:lnnn\tn 
..... iJ- .. f:. 23. ftnMm:LtlL 14~DftL11D1LL1JtJLflD liDL.tl 

(1) lliLftnftLiJULLtJtJUfu • 
(2) lliLftnftiJl'Jtfl" • 
(3) l11Lftflfts:in11LfDlltJ111LRnunu 

(4) l11Lftflftiln11L to11tJ111111n 

24. iRflUtl'MU14ltlLLri..,oiLliOfnJtl'11LLUUlfl . . ... ....___ __ ,,__ __ .-

,-~ .j \ ' 1 
- ' 

1 2 3 4 
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2s. l-D~lirf.:nfi'" 2 ~liL~an1tJnffiu1 v v w 

(1) ~ail1ilaflaal1tf (2) ~aiu.sof.uiltlfl11JLL\L'U 

(3) tJ~mu1n1n1~" (4) ~aiuJafL-nafllaL-it~ 

26. l-ln1n"lrrna" • 
(1) v.ail1ilaflaal1tf (2) LOPE 

(3) ~aiwltl;'U (4) ~ElftLElflR'ULflL~LLflLfttl 

27. ~aiLllanrilfllfl~lliadl"UnfhJ~\t1111;l'JJLflftLLft:;f'l41tJl~li (recycle polymers) 
v • v 

(1) PETE (2) PVC 

(3) PS (4) PTFE 

28. ~aiLllanrilfllfllllijfl1ftJa"Ul"ULLn"U~i'n 

( 1) epoxy resin 

(3) polyurethane 

29. ialtuiJ"U aramid 

(2) silicone rubber 

(4-) polyacrylonitrile 

f8-':'-Q-cH2-Q-rr8-o-c~H2-otn 
(1) H . H · 

0 

i-o-8-o-Q-0 b~ (2) I ~ 

t~-o-N~-o- l ,p ~ /) COjn 
(3) 0 

fcH2-cH+ 

. (4) 00 
A .. I ~ •• ..r A .1'1 II l 30. ~ElftLliEl1fiEl LlJ'ULflfl';J1nliEl1'UElLliEl"H'U,.El fl 

"""o~0..._..,.......o~ 
carbowax 

0 
~ 

(1) H H 

r\ 
(3) HO OH 

' \7 
(2) 0 
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31. fl1Laan\tlLiJ'-"VHlfiL1lflfLL1J1.JLtlaJ'nfl~\ttl • 
(1) ~aiLani'-", PVC, l'-"Rfl'-" 

(2) ~aiL~1fti'-", PVC, PETE 

(3) polyacrylonitrile, ~aiLani'-", vuilwl";'"' 
(4) ~aawlti1'"", Pvc, l'""aa'"" 

32. ~aaL1laf11a-3l1ih~LLaanaai;u{ (H2C=CH-OH) Sht,~\l'n lllLR~BL\\fi u 15o,ooo 

~1'-"1'-"L-\\att11£l-31J£l'-"£1L1l£lffieL1JLftflft~£lftL1l£lflniLfltt-3-Je\fl • 
(1) 1500 (2) 2750 

(3) 3000 (4) 3400 

33. fl1Laen\fl'ti1\~f\111JLL;j-3~£l-3~£lft\1l£lfL-A1l;f'-" 
(1) SjltJtfl-3~1'-"1'-"1l1n 
(2) LtJi~£lftL1l£lfLiJ'-"L'Jilu') 
(3) L'JI~£lftL1l£lfifli1LiJ'-"1:LUti1J1J1fl 

(4) LL1-31:~11-3 L'li\ii'-"LL1-3£lth-3Ei£l'"' 
.. .. .. .. ..1 ·' '1 .... "..J .. .. ., .I 34. ~ElftLlJ£11~'-"tl ~tlL~1J1~a'1J'n';J::-..1 LlJ L~TI1~1fi1L£lL';J'-"fl'-"£ltl'na'tl 

(1) HOPE 

(2) ~alwltii'"' 

(3) ~ail ~1~i'"' (le L'lfU 'nn~n) 

(4) ''-"ft£1'-"6,6 

3S .. an,;1u El11£J-3~ eiLll efu\ttl \t1n1nu \ti~ tnl'lfLflft tie lud' 

(1) LOPE· 

(3) PETE 
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(2) PTFE 

(4) PMMA 

• 
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