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Engineering Plastics. |

[. HaE

=] o] 8 Zgl~¥ (engineering plastics)e]
Georgy P.Foys} 19691 =5 s}&hs] Al £
oA Aol gt wielge] BHT xS JA
29 g Avtze B, EUH 2AAA
A7 F2ER ST + dE BAE AL E
2} ~ & (plastics which possess physical properties
enabling them to perform for prolonged use in

o B oo

structural applications, over a wide temperature
range, under mechanical stress, and in difficult
chemical and physical environments)-3- =3t
oD A e HFE4, W4, WF4,

AAA42, B,

_%

zﬂxg ol Enﬂ/ﬁa] —r"l'

stz AFEAe] & R} FXE24 nylon,

polycarbonate, polyacetal, aromatic polyethersul-

fones] ) o7}44] polyesterFo] o FE ol
Ay Fehagom /‘P%EI 1 ek

o &gk Al Y —EP* <+ o 254A

, =4, ceramics

[o
fru
fr fu
2
£ o5
s

3}l of ¢ UI -%L«l A5 oili%f'ﬁ 1974
T E4 9+ 211M/tono] of
M/ton, 1980 ¢ = 415M/ton°£4 13 13%
o 435Z72 ez ek (Table])?. 5

sE R 2R {28t (Kil-Yeong Choi and Sam-
Kwon Chai, Department of Chemistry, Korea Advan-
ced Institute of Science and Technology, P.O. Box
150, Chongyangni, Seoul 131, Korea)
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3] 19821 Eoll &= =LF A} Abgl Hopdll Agkx of
124M/tone] gl Felxeo] 489 Ao
2 o &3k gl ¥

B & FY AV ® EetaE e ofF
A 7ledl AupA] geo AAF Falz
o 2] gyo Sl el A i o] ool w3t
Tk olFelA o] Ao L FANA & A
Ade £EdA vavrt Fut SHx2E
2 H3ld A4
14, 44

A3 Aoy Fera

4, SE5o A A stz g

i,

I. XLy EEt2E|2
Stsle 49

1. CIg

*=27l 3435}

BalAE| WES] WYY
Table [ ol ] B =ule} 7o)
45 so ded EiEos
plastics), «lx]1]¢] % Ze}x¥ (engineering pla-
stics) 3l o ub-8- g}~ (commodity plastics)<]
ARR 2 FEAL FeEdade 244 4

A, WAE4, FEFe] HY9T STEEE &

L

~ & (specialty

Table [ . Distribution of the demand for engineering
plastics in 1974 and 1980 (USA)

1974 1980
Resin ‘

M/ton ’ % M/ton %
Nylons 75 | 35 | 158 38
Polycarbonates 50 \ 24 79 19
Polyacetals 33 1 15 50 12
PBT* 9 | 5 50 12
Polysulfones 4 k 2 8 2
Others 40 | 19 70 17
Total | eu | 100 ] 415 | 100

a; poly(butylene terephthalate)
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Table . Plastics and their cost comparision

Type Examples Cost( $ //b)
Specialty Filuoropolymers 5~40
plastics Polyimides

Polyaramides

Enginzering Nylons, Polycarbonates 1~2

plastics Polyacetals, Polysulfones
Polyesters

Commodity PVC, PE,PP 0. 30~0. 50

plastics Polystyrene

1Al A
1 Qg Eeked
o Jla A#Hsv 2 A4 T2 B (structural
applications)x] 2. 2= A&
durg Tehegud ZE, o
Wbz, A5y, ddE
._:i_d]_,a B w o} X{g—] ]Z]V]
= et AS Fg A

SEMEAe] BYHY

G. Thommes~} 24 3 2t 2.9 4
3 o= Lgu)E(Table][)el 4] 2 4+ Y-
s Aol dAved Eetay Akl £
A B & FEYBYAAA B
Bebyl w el Al ZA Y] fAdkel o
714 FARu g AE2AE 5 B F
kel A g1 3-e A Zebe wA e sk F3
(Ingot) & 4 4137l 7hx) o) wl ol o)A o]
} 29 feed-stocksl ztel t} o]

B Fehad 43 pellets 44k
%

AT greleh,

U

3. BE2| CjUA
g ele Felams &

L=
—a
7k zro] o vlekstm Lo A& x| §F

A28 o
AciAlel Al Ak 24 ¢ # ek 27 o

Table J[. Energy requirement for production of
structural materials

(Unit; 1,000 Btu/in®)

Material Feed-stock Fuel Total
Coppar — 9.0 9.0
Magnesium - 8.5 8.5
Alumijnium die-cast — 7.8 7.8
Yellow brass — 7.3 7.3
Zinc die-cast — 6.0 6.0
Steel — 5.5 5.5
Acetal 1.5 3.8 53
Nylon 1.7 2.3 4.0
GR-Nylon® 1.0 2.3 2.3
MR-Nylon® 0.7 1.5 2.2
PET¢ 0.9 1.8 2.7

a: Glass-fiber reinforced nyloa
b: Mineral reinforced nylon
c. Poly(ethylene terephthalate)

=
=5
4RoE A2 GEL
2h=] o},
E. ZI& dX|LI{E E2laE|e] XM=Yy,
yu Y 8%

1, Aromatic Polyethersulfone

aromatic polyethersulfone(o] s} PES)+= gtz
(clear) wlc}alng (rigid) toughgl 744 <X
24 4 (L3 2 %: Zha gl

Toddow x]-.g-sl ESe] Z3& i 50~80
yre4q Tge v,;coﬂ -2} 180~250°Ce}
el 4 W gich, PESt inflexiblegt phenylshrt
ake] 9lo] rigids}e] etherZ gte] ¢ & toughness
2 FAReE 44, AFLA, HohEA
WAL % A FELel

%E}—_ polycarbonatesf
W)k AAS X2 9o Tgrh 7 o Fo
150~200°Ce] meol A x E42 Wtz A ¢

((T)-30-(T)-0-(TD~¢-( T+,

Za2lf A 59 A 6% 1981 129
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b4 welA g4 A2 7z E(structural
applications)-¢- nl= o] A g8k qlxi}elg =

SR

F4d o x PESE bisphenol A¢] disodium
salt(Z£-2 dipotassium salt) & dimethyl sulfoxide
(DMSO) s} 2r-¢ <4 u] oF=}4] $-v] (polar aprotic
solvent) %] A4 4, 4’-dichlorodiphenyl sulfone(o]
s DCDSel )zt 4 AR Azgeh (4(2)

2ol A = disodium salt(£-& dipotassium
salt)7} DMSOs] & %z ¢omaz ylloxvi
130~160°C2 fr=] 3t FEH-FHEA =%
#eh A o] el E=bgRe] 250,000] Aol H
o}, o] glhzke] Lateko] & PES:= shFdlr] oy

Dol gel ¥R 2 S AERRY, EA
ZAH A 2= sodium phenolater} methyl chloride

¢} 72 monofunctional groupg- 7}x)
2 Apgshed o & shgEg Fub-gEd o func
tionality 78 & M=y Fof TFEE 2A A
Ao},

232 A W] Bo] Ex|sby disodium salt
7} ZbF2s] =] NaOH7t 474l = 3 o] NaOH
= sulfone ©}zka] o} ul-23}le 4-chloro-4'-hydr-
oxydiphenyl sulfonez} z+& mono sodium salt7}
AZA He2z2 Fu-gEade functionality#3 o)

s}3f 5o Qe Fiee PESE ¢ 4 gvh

EZL]'Q‘?—

CH,
nNaO—@— il—@—ONa—i—nCI—@—SO,—@—CI
8

#rkoh ek NaOHs 544 &
7 B2 A Ak ()9,
Friedel-Craftu}-2-& o] &35+ +z7} o}-2 PES
% Azse PHE Busn ¢rh 0w 3 4
(chlorosulfonyl) diphenyl ether& nitrobenzene
o]} dimethyl sulfonegrj Sl A
# & Priedel-Craftu}
2] PES7} o 0%2 D]-
FeCl;, SbCly; & InClys-& Zol) xfgo] $-53}
U AICL, ZnCIz, BFg(ether), TiCl;uk MgClL%

£ 7] ok O
HE Exge e

AT LA

Lewis acidz
3 4 (D e Ta

¢] Lewis acid= &) g 3}7}
2 2353 g},

2) PESS] 4 g

PES: of7b 3wty o £rigt odrtadyd $x=2
4] molding, extrusion == thermoforming% ¢
7z e s ¢ gleon 58 Gd4y
z W o] ¢35}, PESH] 7] 7184 5 (or-
ganic soluble dye)E &atsls] cjokdt Mg o

S 4+ goh PESE QA x, FAAEI9

_\L

Al A A A e] polycarbonater} nylonx t} 943}
22 F4548 A3z A FEFT QA
MR Feladeolm AT o] £7] ) Fol
Halgl FEEE o]&3 v}, PESE i, <vlg,
Tl FEAoll A= ol A spAul 33t
x& =4 o] & &=} chlorinated hydrocarbon

Ae dlsle A57F deh =3 PESE 47

@

CH,
— (0=~ -0-(D>-s0-(D-oF,samc
3

CH,

cH,

600050t 0= (G D02+ 10~ T D50 —
CH,

O

O

FeCl,
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Table]y. Properties of Bisphenol A-derived poly-

ethersulfone(PES)

Property Value
Tg(°C) 230
Density(g/cc) 1.37
Color amber
Clarity transparent
Tensile strength(psi) 12,200
Elongation(%) 30~80
Flexal strength(psi) 18,650

Tensile modulus(10® psi) 3.5

Thermal expansion(in/in/°C) 55X 10~°
Rockwell hardness Ms69(R120)
Water absorption, 24hr(%) 0.22
Surface resistivity(ohm) 3x10"
Volume resistivity(ohm) 5X 10"
Flammability S.E*
Melt flow(g/10min) 3.5~6.5
Mold shrinkage(in/in) 0.007

a: self-extinguished

Aol 4 s}nz AANAQANZE AL o)
PESe] =43 £4-2 Table[y 9} 7},

3) 7HEFA

(1) Rheology!®

PESe| £¢-d £ shear ratee] wisle] oj 4
+ ¥Z s Uz 4o exwsld dw4
i % 315~425°CH 9] o] A =
357k 25°CHL YA ket SRR oF 50%4
#agteh, wehd PESE 400°CH £ 8] 24
+ Aol mabAelr},

o;{o

PESe] TAH+2&& o 0,3%% 50]7] ool
moldingo] v} extrusiond}r] o] <2828 0.05%
o5tz AZAF|A oo AAFE AF ZH
E5H Al 30t AR, EFARIY ASA
2712 135°Cell A 441704 = (=& 160°Cell 4 2
AlZk A E)AZ25E 23] Az

@) AE4E®

w2peR(M.a)e] 33,000(3k4E % 5 0,55) 4 9
PES7} AF& 4 3ol A géls] 330~400°C2 7bd
A st 9lvhsl 300~350°Ce] screw arm$- %

£l A 54 A 63 1981 129

ahof molde] A}%ac,
75~100mil2 4 3 & = =
1

mold 2] %i% 7 7+
o] 7 ¥.v}
éT—t- 65~90°C

TAE A=
2 fREe Aol Erh
(4) blow molding

PESE blow molding3

Feo] Wl molde z:

H oFEwe] 717k gla
70~95°C=2, blow air
pressure 40~70psi2 2|3t 7o) & )3},
(5) extrusionl®
sheet, film, pipeEOI»]- wire coating¢ PESE
T2 extrusiondle] x 7bE3 Aol Bzt

58, 000(§ AR E 50,893

2 (M,)o] 1 7hA &
extrusiond < ¢l o}, 4 38, 0000244 = ;
0.60)¢l Ae] F= o] &xlc}

4) PESe &=

(1) A7 &FHok

circuit-breaker components, thermostats, swi-
tches, insulating brushes, television components,
turn table components, voltage rectifier sockets,
electronic connectors, battery cases.

@ &%

motor housing, brush holder.

(3) 7let

drain valves, water heater dip tubes, dish-
washer components, wire and cable insulation,

aircraft ducts.

5) PESE| A%}

el A PESE sk A7 glof 4o
of A FAEE BoE wsl ¢k v Fol
A 3= 2@ A ¥ Union Carbide Co.ofl 4] < Abs}
Togied W 12%9 Fadde] ASHm gl

PES: ElZelreo s A4e57F =3,
dAgel +53td ZAA 4z Afgy4g 2
AR A o] B ol BT E Tl A4
d4del Yasty FAH 4yo] ATHE Lo}
A4 2L Fa7t AS FEY Reoem 47
ek

435



2. Polyacetal

AR} E ZTelarelon O]—g-s]% polyacetal
(e]3F PAY: F=2 zE2¢usle S =A 4
(5)3F 7o) etherAd el ole T&4E Z1 Y
12

{0—CH,3, (5)

TEQAE L A S Aol 4
I FEEsel Qe Feale s

21k G ?5}74‘/} Xl%lwﬂ 7]
—’}5‘—‘ 5_7} 80] 59l lower polyoxymethylene
AFeAA 5524 A7 FEE
8~100¢ paraformaldehyde 3 F &¢H3E <
Lo Abelv} A E sHEH AV TEE 100
e} 4+2] a-polyoxymethyleneo & T2 4 ¢lv},
¢] = old polymer: rtdstel A o338
#EgAme Fdados 48T 4 Gk

AAUel s Fehrdez 443k PAL 5
E7F 2,0008 =24 ohgak 2 kA e
Z Az}

1) =43 =

Rﬂ il:’:)

==

a-polyoxymethylene-§- o -5 5} {—-’?—%‘_} zE

el = @A QeixLe o x
9} 3t# inert liquid hydrocarbonﬁ-

s

flisa
rn‘.
3
[o
fu
=o
N,
23

o1} @7,

L4 Ee
phineglghg, ddelE FEHAFo] AHL== A

glet, Tgub-go] wl& wh2r] of o] § 7] 4T
<% (anhydrides of organic acid)E transfer
agentz A4dtd $ARE 245 e B

(2) TrioxaneZ-§tel| 25k PAx] 210,10

F59d s = ek ¥ o} trioxanes] g3 4F
HE o F &) = Bolskr] #f e Ha-
mmicks]l Boerees] 2|34 trioxanes] dkw)
22 PAS AzxbE wylo] xus  ofw
HA ] AFHL e, 1@

trioxane2. 0°Co]s}e] A]-2of 4 28] 120°C~tx]
o FHNTE WHAA FHHEE A7 5 go
1} 54F cyclohexaneo|i} n-hexaned-ri 5o
60°Ce wS3t}, S¢g&mlal  electrophilic
compounds, Friedel-CraftsZ=j 1} ) 2, 4]+

714y =

Q5]

polyamide, polyurethane$-& Atshulx] ) 2 L2
37l & glu} 18,10
Eg 5L 8] =(F-L trioxane) s}k o} &g
= 73$%% 9o =r] Celanese
AL¢] Celcon-& ethylene oxide® A gf FT=3%k+j7]
PA2) o243 o o]t}

2) PAg}] 4 =10,20

— 1)

24, AAAQ4 el %%{#w& Mo Fe
T S re
=

terk des sbERslt AL geivix gk,
el vha Fuahe Fabelu 2AE ¢l
WAL <Rk TableVe] PAY $a 24
& gelshg ek,
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TableV. Important Properties of Polyacetals (PA)

P . Polyacetal
roperty

P Hogﬁymer Copolymer
Melting point(°C) 181 175
Tg(°C) — 60~ —40]  eeree-
Density(g/cc) 1.42 1.41
Tensile strength(psi) 10,000 8,800
Elongation(% ) 25—75 40—75
Flexal Strength(psi) 18,000 16,000
Thermal expansion(in/in/°C) 10~* 8.5X10°8
Tensile modulus(10°psi) 5.2 4.1
Mold shrinkage(% ) 0.020 0.021
Water absorption, 24hr(%) 0.22 0.25
Flammability (in/min) 1.1 1.1
Resistivity (ohm) 10 2x10%

3) 7+E4

PAE: 7FFsb>] Aol 100~110°Cell 4] 34 743
= A FA Ak 8= 210°Co] 3ol 4 B gpeof g
o}, 210°Cuch 22 258 fR5kH ElEo
HAEERE ol 453 ZTELUF =0t 4]
zg Fosfof gief, #atohizl PAS S 4HE
257t ALsd e Hg At F3Fe] ]
A no® fxslor & HaHo] A4 ¢
t}, PAX compression moldingOI transfer
moldings] £ & gFe}x] o] W To] A4 YL
Zzz gt} mold shrinkages} 0,020 in/inz 4] tf
4 Z3e v A 3L 2P s 40,002 in/in
HEAANE AEE + e o] AL zinc die
castings} ¢ Fd g FFo|vh

r{z 4

e

4) PA?] &=

(1) machine parts: gears, brushes, pumps,
impellers, gaskets, extruder screws.

(2) domestic articles: aerosol bottles, sewing
machines, fasteners.

(3) automobile components: door handles,

gears, wipers, fans, dashboards, carburetor

parts,

(4) electrical appliances: cabinets for radios,
housing for drills, gears for washing mac-
hines.

(5) plumbing: pipes, tanks.

5) PAS] 5

u] Fel] 4] = Du Pont} (£
Ianesex]-( }3Lod

: Delrin)z} Ce-
: Celcon -},——f—?{} PA)O«] A4 a4k

3. Polycarbonate

Polycarbonate[o] 5} PCl& %=t Art44 4
224 19579l 5 ¢ Bayerthsh o] 5] Gen-
eral Electrica}el]l 28] =z &=}z oz s
g}, Fehx e g Ex] PC carbonic acid[HO-
COOHJ2] polyester 2 4] ez e 725
#a gl=h

"
o (@@,

1) PCe A4

(1) bisphenol A2} phosgensl] 2] 3t

(A) 9717 e g Ae g

bisphenol A<} phosgeng AICl s}
acidgs] ZAsdA 448 S wgez
2] chlorobenzeneo] 1l o-dichlorobenzeneg- k%
2o 2 A}£38F=0] o-dichlorobenzenes] vl F3}
Aol Aoz ¢eA gk (4 (D)

Yy o] vkyle = gt e

ARg 4 ze g wrgE Al ,
A5 = HCLe AASS] o5 &8n) o]zl Fo
2] bisphenol A7} —‘?— 128 o] 077 uf Fo AF

HO—@—C——@—OH+CI—C c1—-~E— —@-c—@—o & ™

E3H A54 A6z 19814 129
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HAE7F 1.278 59 S35/ de 2% 9=
FTHA delAA Hom FgHor W)Lt
A 7+ gleth,

gy

ArOH+ AlCl;— ArO—-AlICl,+HCI

(B) «d~] (acid-acceptor) &z 5}of] 4 &
223,20

T

pyridines} 7+2 ol 7] & acid-acceptorz A&
k5 4wk =) = HCle] pyridine-HCled € 4 4 &=
2 AAZZ s Folgaal ohel Aol A uk
<ol whZA A Y7 W Eoll AN FFE

7t 2 PCE & - Ut o] ASdAE F kg
e FUTE v 2 REAA L FHENZ
PCe & 4 9t} CHClLy chlorobenzene
o) 2 A238=u CH,Cl: PCs} pyridine-HCI
do] EF faldtnz Felst olgs] w4

2
I
N

ok chlorobenzenes] F2 AF&3 ),

(2) A= 33} (interfacial polymerization)

inert solvents]] -£-3}x phosgens} bisphenol A
o ¢7e)l ¢ £t phosgene] Fof o
=7 1.r} bisphenol A2} <5}z

}ostt 4o o w2y = 24 PC

FTEAE A% F vk (4 @3

Schnell 5-24:260] 1 738} n}-9}7to] inert solvent
2 xylene& A}&3bd =31x]7F xylene-swollen
white particlez A =7 o o Bz 5tr] 4
of, AR T bR was] & Fd 23
gko] 200,0000] 48 ZEFESY PCx odojd o
2 phenol, higher aliphatic alcohol, dialkylalka-
€ chain transfer agent@ A}-£3}4

e 2R,

CH,

nolamine %

r&} 4eke] triethylamine,

NaOH
—OH+COCl ——— =
H,0-xylene

N, N-dimethylcyclohexylamines} 7+.2 tert-amine
o]} triethylbenzylammonium chlorides} z+&
quarternary ammonium saltg® Zwj] 2 A}&3hd
FEegel AL AREAE A w2
W Ab&E A A FeRe] Azbaeo]n colored
oxidation product>} 4 7] x| ¢ = & sodium dithio-
nites} 2-& YA E AL E ok

3) ol 28l 2 m3tak-gof o3k PCHP™

bisphenol A¢} diphenyl carbonated Z-ojf
A 5hell 4 260°CR slddled o 28l 2
(transesterification)e] <l o] 134 PCr} A4 5l o}
¢ @)

2t Fobel FEolvt
3, F4A3}E =xe d4akse] F2 AEEU
Zn0g} CaOr} 7}#F mho] a9lv} of ~H| = sk
g0 2 A3 PCre Zulz pelletizing®d <+
Qe AAHe] 9o} HAE=R A7) phenols)
AAN} A e FL wbEeEE FABNE

£59 BAE 9

olo rhx

EE

el e 4

1

2) PCe] gAw

PCE &g aeel 4] F3tA Y PCERelA &
E T4 TUAY FBE 49 PCA I
. 2y o] A& PCr shaisl $HR A
b oh 2 wEFEsl 10~40% 9] Aejelct, 4]
wetm PCy shads] i gkabeiel PVCel gk
E7F ¥-& Nylon 62 FF4 =9 ik & 2o
9t} Fru 3 PCE swelling agent® 3| 51A
PCEefoll Al Bull & A4l SuA71= A A o]
thd w2 A b "ok PCe A, W34,

Al A4, dddel $4T drhed s
CH, 0
| I
—0— —C— —0—C-+ +NaCl(g)
D->o-4,
3

{@@ & o(on
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4} CH,Cl,, m-cresol, pyridine% LR g =R
of 71} swellings] = o stoju} okelxle] < 4]
AZ A AR, Aegide Weo) gle
v 60°Col ol A = 4lA| slealEs] e Fo
28 stel=A g 4451 o) Tablel]
of PCo Fad E4¢ s, Helshydo)

TableV[. Some Important Properties of Polycar-
bonate (PC)

Property Value
Tg (°C) 150
Density (g/cc) 1.2
Tensile Strength (psi) 8,000~9, 500
Elongation (%) 100~300
Flexal strength (psi) 12, 500
Tensile modulus (10° psi) 3.0~3.5
Thermal expansion(10~% in/in/°C} 6.6
Flammability S.E?
Mold shrinkage (%) 0.7~0.8
Water absorption 24hr (%) 0.15~0.18
Rockwell hardness R-115
Surface resistivity (ohm) >10'
Volume resistivity (ohm) >10"

a: self-extinguished
3) ey

PCE o &gk 7H3 2} ohle), 7] el
A FonE ghog AFY FE Yok

(1) thermoplastic processing?s

A) A4E43

E2FFe] 35,0007 X = AFEAFH ol syEte
PCE 270~320°C2 $=skz 9 el 500~1200
kg/cm®e] o} o 2 AL&gleh, PCE Tgrb %7
o ol moldE 85°Col 4t #x|sfof a}n] H4b
120°CH ol 4] 43 gte},

(B) extrusion

PCz film, sheet, pipe =& hollow object=
skE9 &= F 2 extrusions}=u] =}zke] 50,000
7R & 7bsdbeh, PCE 230~350°C2 4323k
Atk7t 100°CH Eo 4 extrusionsle}, PCE x|
WAA B LR stdsld Bl e COub
LA W el T of qhet

BolH A543 A6z 1981d 124

(2) solution processing

PCE 7] 8uld] % %omz Geoisnz u
€4 filme] U fiberz 71382 <o coa-
ting®d 4 glu] Exbgko] & PCE dsbzuch
solution processinge] -&o|5lt}, & Exjero] 75,
000~100,0009) PC+= d7kFe] 2758k sol-
ution processingel] o] 275¢ 4 = 9 film$ oS
+ sleh gole v BAe] Yo Fon F
2 CH,Cl7} wko] A=t} solution processing
o 93] PCE Z<%o coatingdl o] &= Table}]o]
A4 ¥ 4 g
TableVl, Adhesin of Polycarbonate (PC) film to-

various metal

Dry at Room After 3days of water

Metal temperature immersion at 30°C
Aluminum Excellent Excellent
Iron Very good Very good
Stainless Steel Good Good
Copper Good Good
Zinc Good Very poor
Nickel Adequate Poor

4) PCo &%

(1) electrical application: insulation film and
coil, capacitor, connector block, housing of
radio, television, hair drier, and electric
shaver.

(2) engineering application: gears, filter ves-
sel pump roter, safety helmets, laboratory
safety shield, solar energy collector.

(3) household good: table ware, coffee filter,.
baby bottle, beer and fruit juice cans.

(4) medical application: syringe

(5) office eyuipment: ballpoint pen, fountain
pen.

(6) light and optical ejuipment: signal lamp,
traftic signal housing, school window, ca-

mera, projector

5) PCej Alwp
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PC= =54 9 BayerAl(4-%4 : Makrolon, Ma-
krofol], =3¢ General Electrics}(Lexan) g
Mobay Chemicalz}(Merlon), o 2.9 TeijinA}
[Panlite] = MitsubishiA} [Jupilon]Zo)] 4] 4 4}
h2 gk = FellAE W 10~M15% 0 835}
7h Agsa ged 7P7%°1 A T8

3?‘_

W EA FFolE Aupe] vhe Aoy Tel
29 o]},
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