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H 1. Industrialization of Engineering Plastics

Year Engineering Plastics Company
1938 PAG6 (Polyamide 66) Dupont
PAG6 (Polyamide 6) 1G
1948 PET (Polyethylene terephthalate) ICI
1958 POM (Polyacetal) Homopolymer Dupont
PC (Polycarbonate) Bayer
1961 POM (Polyacetal) Copolymer Celanese
1965 PPO (Polyphenylene oxide) GE
PSU (Polysulfone) ucc
1967 mPPO (modified PPO) GE
1970 PBT (Polybutylene terephthalate) Celanese
1971 PPS (Polyphenylene sulfide) Phillips
1972 PES (Polyether sulfone) ICL
1973 PAR (Polyarylate) Unitika
1980 PEEK (Polyether ether ketone) ICL
1982 PEI(Polyether imide) GE
1984 LCP (Liquid crystal polymer) Dartco

H 2. Classification of Thermoplastics

Commodity Plastics : PE (LDPE, HDPE), PP, PVC, ABS, PS, PMMA ...

5 major EP | PC
General EP PA 6, 66
PBT, PET
POM
Engineering mPPO
Plastics

Alloys/Blends

Super EP PPS, PEEK, SPS
LCP, PSF,

PAR, PES, PAI...

: PC/ABS, PBT/PC...

— X yolsd ZepaE AR A7), A HE 2 Ve 3
ZA. AR 7Fs 5= 100% o)k
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AR 7V 25 150% oA
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2. Z2|7}24|0| E(Polycarbonate)

5t W8 EP FolA Fdst £894 A1 EE7hvlolEx 38
A Frdad, X5 bdd 9 vjggde] Hojua A= 9 uiEAd &
o] FHoR =2 AEN A RS F3sk e Tl 783
4] (amorphous resin) @]tk 1959 =219] BayerAlel 2Js BPA
(bisphenol A)E ©]838t W= Z2]7}3v|o]E (aromatic poly—
carbonate) 7} A0 & AJslE o] ¢ F55] dojjxo] A
ZF 3009KE ool AP iR 7HAIAL Qick AlAl AE 59 (capacity
713 oln] \d 7t 7] 4009EEe] Salsh, ] A Y E F

= 343] o] LGU-E7IRY0E, Aokshd, AldRa g
T AR 4xtlA] d7E 40THE| o] 21}0
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Global Engineering Plastics Market

Others, 10%
POM, 10% \

PBT, PET,
13%

Polycarbonate,

[ 35%

Nylon6, 66,
32%

Total : 9 Million MT

Regional Engineering Plastics Market

N. America,

Japan, 11%
31%

Asia, 28%

Europe, 30%

Total : 9 Million MT

2! 1. Global and regional market of engineering plastics.

Performance
Heat Eesistance
Price PET FI Super
PES FE3 Engineering
PAR LCP Plastics
PEU PEEK
PC Nylon PBT Engineeting
AN P Plastics
Commodity
ABS SEMA PS PP LDPE Plastics
PMMA PVC SAN HDFE

Armorphous Polymer Sermi-Crystalline Polymer

18l 2. Engineering plastics and thermoplastic performance triangle.

SAo] =& 2t 34 T AL
G, A W B EAJS %t modification T2 U]
B 5 9tk Zg7Rdle]E9] %35 processs Al AAWY} S5
o hrox =), dAl 7Y gl A8EE AW SIS
phosgene gas(COCly) 2} BPAE- water phase$} organic phase2]
Aol A7 = processO |tk W, 8-§ S8R BPASDPC
(diphenyl carbonate) & 112, ¥ ejellA] Hl=S A|ASHHEA v
$0] o]FoR|E= A 07 Ayt plantel] Wol AglE]w ek 8§ F3t

2 phenol¥} phosgene & ZFE| = non—phosgene route®
DPCE 3443t & BPA 9} ol AE] w3hikS-(ester exchange reac—
tion) & =3 %Z31H (polycondensation) 0= g AMslA] o
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18! 3. Global capacity and polymerization process of polycar—
bonate.

= #7do] dtk 3P (polymerization process) 712 53k& non—
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B RS Y ddE Folalr] 913 vl 35 A7 X
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renewable biomassE ©]&¢t & 4545 route® &% PC T4
AT A EE] L QIeRt
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3. LI2I2(Nylon, Polyamide)

Polyamide A= #x2] HdAFE, 1938 DupontAlelA
HMDA (hexamethylene diamine) 2} AA (adipic acid) 2] %53 A
+ (polyamide 66, nylon 66)°] 1 Ao o] WHE] nylon®|
2= A2 39 polyamided A7k ARt $oi2 AR 1L Q)
o} o421 nylonFAZ+= nylon 663} €7 e—caprolactam= ¢
22 3= nylon 65 & 4= Stk 1 9o gkt fg 25 E X
= (aliphatic) % W¥4 W& (aromatic) nylon 5°] 413} ¥ o
JTHE 3).75
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= 93t 270% o gl UEAdS 2 9 YE 9 branching
T2 E{0el e 549 A1, oekst B2A3A Y alloyslell <Jgt 54
Hro] Fo] ATEofAar Qe Z1 Qlell® 8 X3S St AE 7
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Lol el A} FARzel| o 1E|E Zhe E53 $AR, 1
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H 3. Characteristics of Polyamides and Manufacturing

Characteristics Polymerization
PA6  |Heat resistance (7, 225 C)
PA66 |Heat resistance (75, 260 C)
PA1l |Low water absorption (7, 180 C)
PA12 |Low temp. impact(7,, 178 C) w—aminododecanic acid
PA610 |Low water absorption (7}, 213 C) |HMDA+sebasic acid
HMDA +dodecanic acid

tetramethylene diamine+AA

g—caprolactam, ring opening
HMDA+AA, condensation
o—aminoundecanic acid

PA612 |Low water absorption

PA46  |Heat resistance (7}, 290 C)
MXD6 |Low shrinkage (7}, 243 C)
PPA Aromatic copolymer

m—xylenediamine+AA

Aromatic amine+acid

H 4. Summary of PBT Blend Systems

Types Blend Pairs Characteristics
Crystalline PBT/PET Surface gloss, Trans reaction
Amorphous PBT/PC Impact strength, Dimensional stability,

Toughness, Inter chain reaction
PBT/ABS Low warpage, Impact strength
PBT/PPE Heat resistance, Dimensional stability
PBT/PS Dimensional stability
Impact modifier |PBT/TPU Impact strength, Chemical resistance
PBT/Elastomer |Low temperature impact strength

A5 5o gl we G 44 (homopolymer) Hx= HhF

%2 AR3bE HE WS (partially aromatic) Z2]o|lAE7} vlE
1940dtfell 7ieHE PET (polyethylene terephthalate) <=*]o|th
T olF vl AnE Zhe EEjelaE FRE /EgloH, #4
ARl diAols] ZetE o R st ARl EejoliaE FAR
PBT (polybutylene terephthalate) <=7} 1t}

PET 4= %2 88 259 e v 243t £ gl Al
AJOF fiber, film 2 blow bottle AE 2% 8 A== Wb
X0l FpAE fhoflMs v A43s) £50] Agto = 7
71ES HAFSE U AR O AlSHA 0% AR Sk A3} &
T EA4o] 573 PBT A& 71A14 24, UigA, 437, uisd
1l sl o] #E3sl B 0w 7], HA) ARdE W A B
Zo7 Wo| Ag¥y ¢t} PBTE DMT (dimethyl terephthalate)
T TPA (terephthalic aicd) 2} BG(1,4—butanediol) ¥ =P 24 €]
FaEE 279 A= 19709 159 CelaneseAtelld] Hx= 2
F5) g 17

Nylon#} & tjziz] 4787 A Yold Z2pAER] PBTH URR)
Sk S5 ARG glon, 9T SAel wt oiekel B E alloy
AlFE o] A7lEa IHE 4).
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.

1 4d

—Polymer blend—PBT/ABS, PC/PBT, PBT/PET, PBT/Rubber -
=738}l &gt 7 — =P B4 10%~50%.

=7 Al &gt A - dds] Ui, sy 54

— TSkt B Fgho g i Wl degkEr A% Vs
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ZEE OiF A AE A Qe Wgd B4 FolE $18k non—
halogen W13}, 215 7WEe] Y85 ©]8-3)F bio mass polyester &

g o] ghtls] g 1L qlok.

5. Z2|0IM|EHPolyacetal, Polyoxymethylene, POM)

Za]opHE(polyacetal) & HlekE-(methano) & YHE formalde—
hyde® %%} 0] 2% %H(onic polymerization) = 538 TFSoix|:= 2
444 ZelM 24 POM (polyoxymethylene), polyformal, poly—
formaldehydee}i’= =&tk 1958\ wl=tolld 2= A8}
om, T3 AR (co—monomer) - o3l Wl FA 5 (homo
POM) 419} 3%3%Hco—polymer) 44 type 2% 4%t} Homo—
polymeri= (—CHy —0—) HHE @9|2ut o] Foix| 357 &
71l &t FdsHend capping) 85 AXI= RPHel|, co—polymer
= (=CH; —0-) ¥ ©¥]e]l co-monomer® (—CHs —CHy —0—)
) 55 Ak ¥k Qlu)k o]F ¢18}o] co—polymer: homo—
polymer typeel] Blal] Ai&afioll thet 4, 7H-d, creep, Wiskel
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& EAS Zher)

O A= 7T0% oVdel =& A3l 540 Qlslo] 17t
Al T A7 QoI TR B9 59E 2 glom, 53] v
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H 5. Advantages and Disadvantages of Engineering Plastics

Engineering Plastics Advantages Disadvantages
Polycarbonate High Impact, Transparency Chemical Resistance
Dimensional Stability Stress Cracking
Polyamide (Nylon) | Mechanical and Wear Property, |Dimensional Stability
Chemical Resistance Mold Shrinkage
Poyester (PBT, PET) |Electrical and Heat Stability Mold Shrinkage
Chemical Resistance
Polyacetal Wear and Fatigue Resistance Mold Shrinkage
Frictional Property Flammability
modified PPO Processability Chemical and Heat Resistance
Dimensional Stability Weather Resistance
6

obd A= 2| = AT S<rsle] B 9 alloy A8 £
57} O EPel| B3l W2 540 glom, 54 fo) wEi= &
243 (glass fiber) = 1HERIA] B 7 (rubber toughening) ©]
AT AMGEY|E dith 7o D FEeRE S 289 Y
2 low VOC (volatile organic compound) formaldehyde 74> A

w5} 5o] o)FolA|aL gtk

6. mPPO(modified Polyphenylene Oxide)

mPPO= 1965 "]5¢] GEARIA Norylolghs AREHORE A
< 23131 El91em, PPO (polyphenylene oxide) <42} HIPS (high
impact polystyrene) 9] alloy JE|Z 220t} PPO= f2]dol2 %
(glass transition temperature, 7y 7} 215 T 588 212 A48
257} %31, 317385 (high viscosity) B2 AJgo] o] A|Zol]
T (crack)©] A WsKE EAIES 71 Sllor, PS(poly—
styrene) $H= #AF 2] 4844 (molecular level miscibility) &
o= 20~80%2] ikt vl&9 alloy AlESZE AREE L Tt
ag 4.

5t AUy EekrE 5 ZEPPREUlES} 3 548 A
of &3, PSe}e] miscibility 2 W 3 H9lellA] gt alloy
FAES AP Alloy AlEC 2= PPO/PS, PPO/polyamide,
PPO/rubber 5°] thiiz]o|n], #Zell= PPO/PP, PPO/PE 5 &
A 271949 alloy AFRRE 2= 1 Qe 53], 31874 Wl Al
Zof| tsl ZAlo] AHAWHA] halogen—free cable 52| =27} A7] A
e A e Rl pa] o o A A=

7. =i XL Z2tAE(Super EP)

-

9 A Yold] ZekAEl (super engineering plastics) & G5 A
|7V =571 150 C oPdRl g A YolE E2kEs 3
T A0E I FHE A Al wet vkl 73Ele] Zivt o
2l FE 1] dX Yo7 X2+ PSU (polysulfone), PES
(polyether sulfone), PAr (polyarylate), PEI(polyether imide)
So] 9low, AHA 422+ PPS (polyphenylene sulfide), fluoro
polymer, LCP (liquid crystalline polymer), PEK (polyether ketone),
PEEK (polyether ether ketone) 5°] ItHIE 6).

W o

_CH,
O
AN
CH,
PhOH
. | Alkylated 2,6-Xylenol PPO HIPS mPPO
MeOH Products Catalyst Resin
0,

H,0
18! 4. Manufacturing scheme of mPPO resin.
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H 6. Characteristics of Super Engineering Plastics

Super EP Use Tyz??:; ature Characteristics

PSU 150~190 C Transparency, Mechanical Properties
180~220 T Low Weather Stability

PES 180 C Creep and Crack Resistance
225 C Dimensional Stability

PEI 170 C Dimensional Stability, Processability
215 C Abrasion Resistance

PPS 200 C Excellent Chemical Resistance
85 (280 C) Inherent Flame Resistance

PEEK | 250 C Chemical and Creep Resistance
145 (315C) Excellent Heat Stability

LCP 200 C Good Processability
110~130 €(290~340 C) |Weather and Heat Stability

HE FEkEE 3 o] XUl EekaE e Ajisk= 70d
tf o] def o]} For, T F A 1R o] AP P R
3 A2 sl 735 7R FEaE] ARISh o] UeRA] ¢k
Atk ol wEoI Al AAle] s A thEA] & Fo0E
721 alloy3} 58] EAshs Al&E0] ghovt Al 7229 A=
APge] diif R APdEAe- 53] EEth mgEAl(metallocene) |
£ o]§3t sPS(syndiotactic polystyrene) 3], COC(cyclo
olefine copolymer) o] #AE- L9 lor) U oo A1 1RE
ek xR om vl A% tREEE] 579 AU old EobellA
& W8] 71678 2t 7= EekaE e s AEA o R o] Fo
A3 Qe

HE Aol EkrEle] A9 Ve FHORE AE T F
g2] 7 355 W chain 7iAe 218k £/ H4q, renewable source
= 982 1= bio mass route® K= A5t AW A So] o) F
oA 3L gk

AMZE sl s i 71 AAIE B8 Aol ZelaE )
dke 7 7k 71zte] @) Ae]ar ek A28 3 An|E e o
TR FAR= cost/performance 572 Z3AVdel gl 73-97F i
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Aglsta M2 gl o3t A= glet 7325 2k Al
BE 2= dA Yol Eepagle] 8 7hed Ao Heltk
sk A7), AR AR RokellAE Aoy EepaE e
kel RAA 9 H7HAE E58t] 54 ARV e A
919 alloy & F38l0] &7 B¢l B WY ]9 o] AlEE
3 glom, BEsk Al Zhrdel] &gt nlAl 2 224 (micro mor—
phology control) 2 71& 749 7| Sz} 529 7o) X|&=
F=g

A, W7, 22 9 ApEaE 2oke] AP needs Tjeto] vl <A
ol ZakaE /i w3kl 215211 W] & = Qi) 313k
renewable biomass Z&}~E], nano composite, IT ¥3£2] 1134
3}of] u}E & SMT (surface mount tech) &4, green recycle 4
Al, 54 4 halogen free, 5% thAll %3} 7Fs J3kaA] 2] 7l
W eRs oldel B 4 qlek
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