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Table 1. Property Comparison of Engineering Plastics with Three Major Materials

Property

Metals

Ceramics

Engi in
Plastics ngme.erl 8
Plastics

Tensile Strength
Compressive Strength
Thermal Resistance
Flame Retardancy
Moldability
Processability
Corrosion Resistance
Weatherability
Durability

Light Weight
Compounding
Lubricity

Abrasion Resistance
Barrier

Design

Electric Conductivity

XOPOPPOPOPPOOOOOO

Electric Insulation
Thermal Conductivity
Thermal Insulation

O X (a)
X (A)

O~0

»

b
0505000000000 =P 00O

O~0

»
OpPOPOOOPPOOOXxIH

P4
005000000000 0O00ONK»P»O

»

X (&)

@)

Note) 1. © : Excellent

Table 2. Classification of Engineering Plastics

QO : Good

A : Poor

X : Very Poor

2. ( ) means that property can be improved by modification depending on material,

Class Resin

5 Majors

Specialty

124

Polyamide (PA)
Polycarbonates (PC)
Polyesters (PET, PBT)
Polyacetals (POM)

Modified polyphenylene oxide (M-PPO)

Sulfone polymers
Polysulfone (PSF)
Polyether sulfone (PES)
Polyaryl sulfone (PAS)

Polyaryl ether sulfone (PAES)

Polyphenylene sulfide (PPS)
Polyimides (PI)
Polyamide imide (PAI)
Polyester imide (PESI)

Class

Resin

Alloy and
Others

Polyether imide (PEI)
Polyether ether ketone (PEEK)
Aromatic polyesters

Polyarylate (PAR)

Homopolyesters
Aromatic polyamides
Thermoplastic elastomers (TPE)
Fluoro polymers

Styrenic (ABS, SAN, SMA)

Acryls (AAS, AES, ACS)

Polyolefins (UHMWPE, FR-PP,
Polymethyl pentene)

Ionomers

Alloys and Blends

Polymer Science and Technology Vol. 1, No. 3, May 1990



Table 3. Properties of Engineering Plastics

Tensile Elonga- Tensile Compres-Flexural Flexural Impact  Thermal Specific Coeff, of Heat  Conti-
Strength tion Modulus sive Strength Modulus Strength! Conducti- Heat ~ Thermal Distor- nuous
Glass  Resin kg/em®* %  10%kg/ Strength kg/em® 10%kg/ kg-cw/ vity Cal/C/ Expansiontion  Usage
cm? kg/em? cm? cm 10°Ca/ g 105cm/  Temp. Temp.
sec/cm?/ an/C 186/ T
C/em 46kg
5Major Nylon6 820 200 28 910 90 23 54 58 04 83 68/180 110
Nylon66 840 200 31 1050 1190 29 54 58 - 81 70/230 120
PET 730 200 2 1015 1170 28 44 69 028 60 85/185 110
PBT 560 250 22 850 80 A4 40 - 0.55 88 58/150 110
PC 650 130 25 750 900 25 65.0 46 028 66  140/143 120
PPO 680 60 25 1,100 90 25 250 51 032 52  130/140 104
POM 620 70 29 1,120 910 26 87 55 035 85 110/158 104
Specialty PSF 720 100 25 980 1100 27 60 - 031 56  168/182 168
PES 840 50 246 - 1300 265 87 40 - 56  203/210 190
PPS? 1200 1 - - 2000 140 70 - - 22 260/— 22226-
PAI 1530 13 46 2,600 2030 50 140 5.7 - 36  274/- =
PEI 1070 60 31 1430 1480 337 50 - - 56  200/210 170
PEEK 930 150 17 - - 40 41 6.0 032 - 160/— 230
PAR 750 60 20 960 950 19 380 - - - 164/— -
Arom. 700 8 18 1400 1,000 32 22 90 - 51  300/— 260
Polyester
Teflon 300 300 4 120 - 56 160 60 - - -/120 -
Alloy ABS® 500 60 20 700 700 25 32 63 - 100 14/112 -
and SAN 700 2 35 980 900 A 15 6.0 - 66 105108 -
Others SMA 560 2 K7 ! - 1,000 33 20 - - 80  108/— -
AAS 430 30 - 630 21 10 - - - 80 W09 -
AES 470 18 - 600 2 3 - ~ - 73 9198 —
ACS 450 50 - 580 25 - 60 - ~ 85 &/~ -
TPX* 235 25 - - - 13 - - - 117 WX/~ -
UHMWPE 400 450 - - - 95 no break 85 - 130 46/85 —
FT-PP® 560 4 - - 750 26 6.0 - - 65 135/155 —
Ionomer 275 370 03 - - 03 & 6.3 - 120 A48 -

! Izod-impact with notch. 2 With 40% glass fiber

% High impact grade

* Commercial name of polymethyl pentence. 5 With 10% glass fiber

Table 39] EAL 73} =& B7EA] g4 Ay
Mol BAolmg A% Jsl, B 2 53 7)e9)
822 5% B4 U 34 AFT Arh
Table 4= Se2H9] Az UAE o7 &
Agst v e b, Y¥rFHoz Saiade]
Az AJA7L F40 489 1018190 & 5= Ut
=& Table 49] E2}2E]2 EPE ¥ sl Sajay
Agks PAg gtolmg EP 249 1838 o Az
AFAE Rzt o Fed Aotk 13y F&out
Akl vl3) 453 2L RAe A, /AR
B Fol 347 A g Aaz ZFe

Table 4. Energy of Manufacture for Various Materials

(Average)

Material  Energy of Manufacture (10" Joule/kg)
Magnesium 90
Aluminum 80
Steel 50
Copper 40
Glass 40
Paper 12
Plastics 10
Cement 9
Wood 4
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wa gl H), Fig. 19 EPY 1% A=E 55 A
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TN 243 A W5 S e H, F=E
e g e u2E(T/d) e B49A ¥ EPE 3
&3} 5§ 3L Holx gith wEkA A 7led
EP9] Z & A F3AZ Byt o} EefiE e
AukA Hory) WEA-E A MMt Fig. 27t
o# EP#Alo) sl 30% feE /2 23S
o] A Arot dWd =2 ez gick 59
He L EF A5 EP Zmet gl f& Af
Zaz A F4ES ¢+ Uk 18y 2
o] WEAL Fig. 39 AR vk} o] 7443 8
g BHo] gloy, HgAel £& 54 4% EPY
742 Akl wimA Y sl ol AA =
ol et

Tt e W Meist sy

Table 5% 5t *-& EP9] & A9 3F9S

104

inc

108+

Tensile strength (T, Kg,/cm?)

102

Density (d, g /cm?3)

Fig. 1. Relative strength of various materials.
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Uehla 913, Table 6& 54 A% EPF $8%
HAF A Ak, FEE,
th. AAIHeZ o]E EP hRE

N\ Specialty EP
O 5 Major EP
L [] Others A PI
M GF:Reinforced (30% )
300+t A PEEK
~~
L APAIL
N~
® APPS
3 r @Nyae
© APET
g
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#: 200+ PEI A.N.yP:T
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® PEEKA FoM
o F HPP OPC
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Fig. 2. Heat distiortion temperature and tensile
strength of various engineering plastics.
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Fig. 3. Thermal resistance and cost of various unfilled
plastics.
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29 71& oJdolt A e An U 4F

olc}, 5tf ¥4 EP A=

A FolN % A

YT YT YSAE & F Ao] o]F0)F R

olth. e} 5 A%
HEQE, o)

EPe] S} A4HE o} gl
# 5 AFol g BYo) 2 1

Table 5. Major Manufacturers of 5 Major Engineering

Plastics
Resin Company Trade Name
Polyamides Allied Capron
Ato Chemie Rilsan
Celanese -
DuPont Zytel
Monsanto Vydyne
Toray Amilan
Ube Kosan Ube Nylon
Polycarbonates General Electric Lexan
Bayer Makrolon
Mobay Merlon
Teijin Panlite
Mitsubishi Chem. Iupilon
Dow Calibre
Anic Sinvet
Polyesters Celanese Celanex
(PET, PBT) GE Valox
DuPont Rynite
BASF Ultradur
Bayer Pocan
Huls Vestodur
Teijin Teijin
Polyacetal DuPont Delrin
(POM) Celanese Celcon
Ticona P.W. Hostaform
Polyplastics Duracon
Asahi Chem. Tenac
BASF Ultraform
M-PPO GE (Engineering Noryl
Plastics)
Asahi Chem. Xyron
Mitsubishi Chem. Iupiace

DEXMED 21 A 14 335 19904 59

ZH 3 o).

EP A3 g2 33 7le9 oA 7lge &3
WE ks EP AHlol & el 847} 31 gl T3
AAAQ 818 sjAto]AA EP #E 7]&S B{3ln
9l Du Pont, Dow, General Electric, BASF,
EniChem %o] 3z &= g=o g 2] &o] o]
o7, EP 2 @ 7]&9] oldL ¢S oA o
Aok, w2 =& EP 7l&e =l 232 fsl
Me ARAHY A7 Jide] Erboata, & A4 A
w3 7l o] TA AAA o)A & de A
730l 8 AHolth, thiis] g2 EP #H 537} 28
i Ql7] W&ol A shde] s Ak A ¢l
gi & 4 Qi

al xjat

[S |

e =

kH

EP A% 71& 2 &4 71E9 A7 1Y 3948e
aokstd oa3 2o
* EP &A1 o8 77 24 Eoks} FZA=e] 7R
aAEA I3 JuF 753 &N 8851
Jerz ol Atde] wg EP Aqle] was o
#=Jojo} gk,
« @7 EPo] A& Ut Fet2EY 4% FES
o3t A3 AR, T R0%FEA B
3 vl 7R £& AlFolth

. A FARE BRI Q5% w4
g0l o= glol, EP AED B 59 slee

2 F& o F5olth

« EP &4 7%t 7e9 A& B4 tgst
AF9 thaslg Lol3HA 3l OEE - 2% At
& 5402 3= EP AdolA AAAG A9
HH3tE ol F Urh

o Ux] tiHy AEFA F57 At s
e 7HHAA SRS BAYE Beea o

o Il EP 21Q]9] 71& FFo] o}d 2K @4
o A3, &xof LR A F97} HL Hot
otucth #¥ 2 419 T E wig PESth L
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Table 6. Manufacturers of Selected Specialty Engineering Plastics

Resin Company Trade Name Remark
Sulfone Polymers  Union Carbide Udel, Radel, Mindel Thermal Resistance
ICI Victrex High Cont. Usage Temp.
3M Astrel
PPS Phillips Ryton Thermal Resistance
Dai Nippon Ink Daicomp. PPS. High Cont. Usage Temp. (220~260C)
Asahi Glass Asahi PPS
Polyimides DuPont Capton, Vespel Thermal Resistance
Amoco Torlon Mechanical Strength
G. E. Ultem
Rhone-Poulenc Kinel, Kelimide
Dynamit Nobel Icdal Ti40
Mitsubishi Chem. BT Resin
PEEK ICI Victrex Thermal Resistance Chemical Resistance
Aromatic Polyesters Carborundum Ekonol Thermal Resistance
Kanegafuchi Chem. NAP Resin Toughness
Unitika U Polymer
Aromatic Polyamide DuPont Kevlar, Nomex Mechanical Strength
Monsanto PABH-TH-500 X
Bayer AFT-2000

EP 2 g3olth

ol R7HA EPS] A7 N aAde FxIde
g, A7l - A2 AL FAe F Y ASH
i, F o Rgela, & o A wEe R 3y
I ek w2 AR, JheA, AR, FexE
B3] o) 2] Bokoll A g FY AAlv}
F/3Hojor & Rolrth. Hgo] EP ¥4 & #d 7)
o] Fig. 49 =AJ nie} o] o] S Foloj
M9 71e NEs} FHo] 2 7HI Y3, 435 AR
do] Sler g EP9] JE 3ot AFste 4 Eoto
FAHA FHo| o] FojAok & Aot

St 8 EP 2 54 A% EP9 7k Oig =
e Frjs} gfo] uf ¢ Fof &x Adst tEo]
BAGE AW S gito]l B 4HE AL
Zolet. a2 on] A vl 2ol #HA 7%
R At o3 5 Fo|7] i 7| £ BA
7lee AA AT2 FrEo] lojof #ir).

71E A #EE AL - S8 V1ee BE U
Holzk & 5 AT o]} A3t o] & EPe| B4
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Monomer Synthesis

Polymerization & Copolymerization
Scale-up Technology

Testing and Analysis

Catalysis

Additive Technology

OTHER RESINS

BASIC RESINS k]“————————

Alloying and Blending
Molding and Processing
Coupling & Compatibilizing
Property Modification
Expansion of Usage
Stabilization

FILLERS

Compounding

Molding and Processing

Property Optimization

Surface and Interface Chemistry

Morphology

Application

Stabilization

REINFORCING

MATERIALS

| [

]

_ |

Raw Materjals

Production

Shape and Size Control
Surface Treatment
Handling and Incorporation

Fig. 4. Technology related to engineering plastics

from materials viewpoint.
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< AU B3E Ve FrE oo} & Aot o]
d By 7)edM £ F Eole compounding®}
blending”}&°|th. Compounding 7]&-& d7 F7]
EA7e 2§ e2A B 2 43 Zigolgn &
F gtk o] ZlEdME A Ee AF FH ¥
718 2 #7183} matrix FA|7He] AE @3] A
F9 A% 248 A A3 Hol, 29 A7
ML FFL o] AWM Y, 53] HES F
AFNEE =8o| AFH L ot FU1E B AR
¥AF matrix Tt XA, dFA Bl 9 355
A e-g sk Wiold, 434, HelwA F
o] A3}A (coupling agent) & AHg-3t] A H&AE
=3 Uy Sol AxHL Jd. ez, nloldt,
ol2M2AEX Fo] FAAZ AMEHI S, frd
Af, &4 AR, BHE 4, o=EP= AF 5ol
AA = ol &S|E Bt BE ARE 7 0%
531 glt},

% 12 283 7]& £ blending 71&2A4 1E2}
o} nEzpe} EFEoItt FE ¢ EH= J|&d o
g EP A|F& ojv] £7459] e B AFd=
qoz v & AFo] /HtE o] 43}, Table

Table 7. Years Required for Development and Com-
mercialization of New Polymers (Examples)

Manufactur-  Years

Resin Company ing Unit Requried for
(1¢° ton/yr)  Commercializa-
tion
PSF Union Carbide 7~10 16
PPS Phillips 7~10 12
Amorphous Dynamit Nobel 5~10 14
Nylon
Nylon 12 Huils 10~15 15
Investment (10° §)

New Polymer Alloys/Composites
R&D 2~5 1~2
Plant Construction 10~50 1~10
Wages and Expenses 2~8 1~5
Losses 2~10 0~1
Total 16~72 3~18

IEADED 7)a A 1@ 33 19909 59

T N2 nEA] AT L FES LaFHE 7
3 B2 FRE {3 £ B3A A vz
Qit}, Table 74 ojshd A2& B9 A Ada
o} g, BHE, == B8 7ed 93 AF A
o] A4 BAAYS & 7 AUk WA s, B

=, B&A) dig d7st /g &5 AAHA
FAo|aL ole] FE £AHE o AVHAR k%

itk

. 239 270 B2 242 P 2YY &
alc,

. 1A% Qe AAsE A1 & o

o 7FEAE Qg

Blending7|& 9l M= compounding®} w}37}A2

ol B3 FAHE AW @tk oA
L) A compounding| 41 9] ¥-718— 318} 74e] A
We] blendingol i IEA— &AL 7He] AHo|
& ot EAgo] it~ 4l o]2& IE
2l BAzke] 82444 (incompatibility) o) <]3] o
9 A= E4o] Ztzte] B4R vtk A
< ojn] & ¢ ARHolrt. Fig. 59 45280l
glE Ed =(nonsynergistic blend)7} B8 B
T A& Jehl ok 24 Fig. 63 794
H¥E ule} o] polystrene(PS) =} polyethylene
(LDPE ¥ HDPE)9] E=+ R =g} |4l
o] B84 FE& Ko blending®. 2 o]& “"*01
A=A G2 vk e A3 448814 (com-
patibilizer) 8] Xglo 2 o|5 BAL =A F4" ¢
it} Fig. 8% 9= Z}z} PS/HDPES} PS/LDPE¢]
AF A=E AVIA & 88 TFFEA Fdon
et Floz &4 £ FF8A(o71M+= polyst-
yrene-b-polyethylene diblock)7} 2% S| A 714 £&
o Z=E Bolu ¢jt}. Triblock S-EB-S (poly-
styrene-b-polyethylenebutylene-b-polystyrene) &=
3% A Ame) S Bolx gIXg, diblock
SEP(polystyrene-b-polyethylenepropylene) & A&
Qo] gitt.

9] ool A9} o] blending 7]&9] HA2 AW
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Synergistic alioy

Property

Additive blend

Nonsynergistic blend

constituent A )
Constituent concentration

Fig. 5. Property of polymer blends and alloys.

Tensile strength (MPa)

—— Yield
--—- Ultimate

0 Il L 1
0 20 40 60
PS (wt, %)
Fig. 6. Tensile strength of PS/LDPE and PS/HDPE
blends.
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Elongation at break (9;)

102 F

—_
[e)
T

20 40 60 80 100
PS (wt, %)

Fig. 7. Elongation at break of PS/LDPE and PS/HDPE
blends.

Tensile strength (MPa)

20

PS_HDPE

7030 3070

o [ S—E
A A S—EP
[ul ® S—-EB-S

Block copolymer (wt, %)

Fig. 8. Tensile strength vs. block copolymer level for
PS/HDPE 70/30 and 30/70 blends with three block
copolymers.
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PS,/LDPE 70,30 30770

301 o] ° S—E
a a S—EP
D [ ] S—EB-S

Tensile strength (MPa)

0 1 1 1 1

Block copolymer (wt, %)

Fig. 9. Tensile strength vs. block copolymer level for
PS/LDPE 70/30 and 30/70 blends with three block
copolymers.

Table 8. Demand of Engineering Plastics and Com-
pounding Ratio

1984 1990
Resin Demand % Com- Demand % Com-
(10% ton) pounded (10° ton) pounded

PA 565 50 910 60
PC 225 5 315 25
POM 210 3 325 15
M-PPO 160 100 225 100
PBT 85 80 155 80
PET 18 100 75 100
Others 22 50 45 50
Total 1,285 4% 2,050 56%

712 A, 4884 Ee Z7HAC A& 4 &9
(synergistic effect) & 2T = Y= AAHR
A arglojel g}, thA] TEA] &3 compounding 3}
blending 7|&& #71&~ 18R} Fv ARA-IE

Ape) A ARl g A7 A BAolga &

IExnstn 7)je A 13 335 19909 5¢

Table 9. Some Alloy and Blend Programs in the U.S.

Amoco

Arco

Borg-Warner

Celanese

DuPont

General Electric

ICI

Mobay

PSO/ABS
PSO/PBT
Nylon/Polyarylate

SMA/PC

PPE/PS
ABS/PC
ABS/Nylon

PBT/PET
Nylon/Elastomer
PBT/Polyarylate
Acetal/Elastomer

Nylon/Elastomer
PET/Elastomer
Acetal/Elastomer
PBT/PET

PPO/PS
PC/ASA
PPO/Nylon
PC/Polyester
PBT/PET
PVC/ASA

PEEK/PES

PC/ABS
PBT/PET
PC/Polyester

ek,

Table 82 5t & EP9 429} compounding

B &S Vel Aoz 1984359 AAT 19909 %
9] 44 & vjw3ln ok Table 894 Bi= e}
o] 5t ¥4 EP¢ compounding ¥ &L FHA =
olRA ¢l 19903 = EP4A 9E XTI com-
pounding® AF9 H|Fo] ¢ At} FFolu £
ToXT AL H&3te] B2 3AHEo] blending
71&ge) wrxtE 718t ¢t Table 9% |2 e
FAHoR 3 E Ao EAdso g L Aoz
5t & EP @ FEP E2& £ B4 2= B4
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Policy Establishment
Administrative Support

Research Fund ——— R & D Cooperation
Supervision & Confirmation
of Research - --- Fund Support
| tl
[
T
1
I
!
Applied Research ; Basic Research
Product Development i Support to Applied Research
Research Fund ( Theoretical Support
New Projects i New Projects
‘ Manpower Supply

of Results
New Projects

Basic & Applied Reserch
Confirmation & Modification

Training Researchers &
Technicians

Fig. 10. Cooperation and support scheme for R & D of engineering plastics.
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gt} 2} o] & EP9) 2% A7), A%, A5zt
5 A8 o g Fope] wEH vigo] F4sH
Z718 Ao] g4zt oAl HEVIz ¥ F e
FU o AL o & 8 F7PL cldE 1 glo] EP
#4 71&9 o] 2438 o]FojAot & ol
5t ¥4 EP9] =) Aake Ae] SR E Aol S
s EP9] BA%E olA a7t §X o} &dsiA
23}c). EP9} compounding, blending 5 51 #d
7% ol 2EAY WAL & £ Aok mEkA
3, BU=, 5§ dig /it Jed g9
EP X &3 7%, &4 2 Az, & 5 AR
ofo] ZF A Aol H]oof g}, EF U -
g - AF 2he e 1A ¥ AR 3
3 B&EQ A o] Hulglop i,
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