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Investigation of layer-multiplying co-extrusion characteristics of
polymer multi-layer film

Student: Wen-Wei Su Advisor: Ren-Haw Chen

Department of Mechanical Engineering

Nation Chiao Tung University

Abstract

Multi-layered polymer films have been widely used in packaging and
optical components, since unitary characteristic of the polymer film can’t satisfy
the requirements of increasing function. Most current applications of
multi-layered polymer films use few layer numbers and thick layer thickness
films. Multi-layered polymer film layer thickness in micrometer and nanometer
scale has become a new trend of technological development.

This study use the layer-multiplying technology to coextruded multi-layer
polymer films and observes the manufacturing processes that affect layer
thickness, the uniformity of layer thickness, and the interfaces between layers.

This research combines a new mold design with a co-extrusion system
which developed previously. The mold enables repeated overlap of two polymer
layers to reduce layer thickness and increase layer number. Layer thickness and
layer thickness uniformity are also compared in different materials, extrusion
speeds, and extrusion speed ratios. Specimen are then compared by optical
microscope and scanning electron microscope.

Experimental results show that twisting on the left and right sides of the
specimen results from different flow rates. Polymer blend is used to increase the
interlayer binding in PP/PA multi-layered films, but the process destroys the



layer thickness uniformity by forming spherical structures. However, a low
extrusion speed can reduce the formation of spherical structures.

In contrast, PMMA/PC films have good layer combinations. Low extrusion
speed improve the thickness uniformity of PMMA/PC film. When the difference
in extrusion speeds between PMMA and PC increases, the thickness ratio
becomes difficult to control.

This study of the effects of layer thickness and layer thickness uniformity
provide a useful reference when investigating multi-layer polymer film

properties.
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Material combinations

Special properties

Most important fields of application

Double-layer film
1. LDPE/LDPE

2. LDPE/EVA

3. HDPE/EVA

4. HDPE/LDPE

5. LDPE/ionomer

6. LLDPE/LDPE
LLDPE/EVA

7. Ionomers/EVA
8. Ionomers/PA

Three-layer film, symmetrical

9. LDPE/HDPE/LDPE

10. EVA/PP/EVA
11. EVA/HDPE/EVA

Two-layer film with tie-layer (TL)

12. LDPE/TL/PA
13. EVA/TL/PA

14. Mod. EVA/TL/PA

Three-layer film

15. LDPE/HDPE/EVA
16. LDPE/EVA/PP

Fivelayer film

17. LDPE/TL/PA/TL/
LDPE or LLDPE/TL/
PA/TL/LLDPE

18. EVA/TL/PA/TL/EVA

19. LDPE/TL/EVAL/TL/LDPE

20. LDPE/TL/EVAL/TL/LDFPE

21. EVA/TI/JEVAL/TL/EVA

pinhole-free (multicolored)

good weldability,
sterilizable
sterilizable .

good strength

good weldability,
puncture-resistant

high elasticity

good surface adhesion
grease-proof

gas- and aroma-tight

weldable on both sides,
reduced curling tendency
like 9

like 3

gas, water- and aroma-tight

like 12

in hot-air channel good hot tack

properties

good weldability, good rigidity

like 15

no curling tendency, improved

barrier properties, as PA
projected against moisture
absorption, improved layer
adhesion, weldable on %
both sides

like 17

like 17
like 19

like 19

milk film, carrier bags, general
packaging

heavy-duty bags, stretch packaging,
medical articles

blood plasma, bakery goods, food-
stuffs '

bakery goods, foodstuffs, tomato
concentrate

dairy products, foodstuffs,

medical instruments.

general packaging

stretch film

coconut, biscuts

meat, sausage, ham. fish,
foodstuffs, cheese

like 4,

pet food, cornflakes
like 9

like 9, cornflakes

foamed PS granulate, meat,
sausage, cheese, ham, fish,
ready-made meals, hops
like 12

like 12, vacuum packing for ham
(shrinkable)

bakery goods, foodstuffs
like 15

like 12

like 17

like 17, all sensitive food, requiring
low gas permeability

like 19, fish meal, wine packaging,
milk powder (casein)

like 19

15
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22 % &~ F HFRFIE

r’%/v\—"*ié 482 LT “T‘B%\’f’”‘lﬁ B4 B A0 d
HEFEY L2 52 ot (flexible) ~ X k4 (semi-rigid) ~ k|44 (rigid) » H 7% (=

é%%@ko%biﬁwm\w%ﬁﬁ’ﬁ&rigﬁ4%§ﬂ6*9§
3 +» 4k & (shear viscosity) ~ # # %t & (elongational viscosity) % 38 {4 (elasticity)

2% 0Y o - BUALHE S ARSE LAY (viscoelasticity) 0 PR AT L L F B Y A ARR

&
P

— AT OFREIRAFTAREAL I NT A RIERE A F

BB R SRR FRTEN G A A
FRIES N SR E R LA - MO - ¥ ERCI: B S ol R A O
PR AR T ST e M- RS Nt RFH D 2
BT R R o
20 F R4 &

A ATa R R b EnR] (o d 25 KB g e o iR 2 B Vg it
AL Zp i Rk fE o e Mawell = 7.5 o
3.8 4 B

P B SR ERAES ke i A2 B o d RS i -
w@7ﬁ§ﬁﬁ%WF’fﬂ?%ﬁﬁﬁﬁﬁﬁﬁzkzﬁa’%#ﬁﬁz
RAKEIE-EE (o HFLRE L FRERSEIIFI ) Bl B
TR REAP R AEE R MR o (gt 3 R AP R R B B AR A T
4 o

A BP R - AR Ao 4250 2-1

(2-1)

16



SR AR AL S 2R A £ A A WA o] 2.7 1 A B G R R
AR )j‘rs/\ Bira g o RAERTEFLA A - BREREDOE IR
EREFT LI em B TN g A R E R O AR 3L
& T E R R ADT A L 5 & BEALE (apparent viscosity)

T T
- du/dy - ]_( (2-2)
FAT AR AT BRI RAEET (< 1) BARR A RS F B -
RA'TFTRBI RIS » BRI RGET RLIH < 7 7o 28
i T fF 0 i (shearthinng) » 5d § & F HAF B HF iR AR

"*%:‘,ﬂz@;%i%u&@ °F A 7H Ad g s B AR g e s
% 4 iEH N AT RREEGGRITT > A FAA NS A @
AR F LB A R R EE 0 RREEFT R®
FAREEHE A o B A S e SO E A IR ] > @

%ﬁﬁﬁﬁﬁ%ﬁiékiﬂ%&éﬁﬁﬁﬂﬁ@%ﬁﬁﬁ’$wlkﬁﬁ

WA kAREY PRI IR T RS T AGEE B TR - BT AR
"HY O chpe ¥ 22 T S dp i it Ao A2 st 2-3
& 1n=my"?! (2-3)

H ¢ m i — 3% #c(consistency coefficient) » m E4% * %iz‘_h}i?ifiﬁ"‘ ' N
,—ﬂﬁﬁ&ﬁﬁ&%%ﬁ@ﬁ%bémW£iw9ﬁ&@n1%“4»
AR) @Y R A ST S A 5 on<l
BRI

5 Behg A S R «é«}iiﬂg %zﬁ’.fi%‘ fvm EHipehreeg o AR
BRBVUBERERE Ty 803 43 :
£ #r(Arrhenius) > 4z3% o

NS

Y

(1 T,)
N(T) = 1,(Ty)eRs*" To (2-4)
He ELf Ry ZAMYB KL F8 - (T &3FEATT
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2 3LRE 0 HEAORA PRFT o F L EEF R A Aem R B A
TR g F2 T o g A FPLF L E R AT TSR
R B KA L N2 F i iE B4R RSN 5 WLF 2 4258 (Williams-
Landel-Ferry equation)

n(T)  —17.44(T - Ty)
n(To) 51.64 (T—Ty)

logar = log

# ¥ ar 5 B ## F]+ (temperature shift faxtor) s To 52 %4 B8R > Ty 3
HIFEIEER -
B A

ERER A s o deih Bl 2 AR AL 3RS KRY 0

CEURR S AP R A o BEPARS G AR R 0 RFL R AT 6

AFCE N A 4 ABg Fu(viscous heating) o i® AR IRE R BN ERIE R A
40 = IR R ATl o TR S BTRER R B AR L AR o 3 2-6
LIURERN N AR YR B -

1(8) = n(Po)elB® P (2-6)

Ba— FokW o BEARd AR F AR JALR 22 P RAALMR
FAMLAE T RIS de i BB R RS R A LA
P R |

2 AR g A T A1 P ALY LR - T TR BT 2 B
A%ﬁ@ﬁ%%%ﬁﬁ’%%%ﬁﬁﬁﬁéBﬁﬁﬁﬁw%ﬁﬁﬁﬁﬁ&
o R0 fER - 2 i H e (75 dofic v 587 (Die swell)~Weissenberg (e
FA) o FIM S T iR AR T R R T - b H RO e i o
1.Maxwell Model:

- R BEEE e g BT 5 Maxwell Model s 2 5558 B_% 304y i
PP KPR o PENERER AL LS R o
2.\Voigt-Kelvin:

R BEEE ¥ JHNBERER RS R
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3.z = i AR5 455 (Four element viscoelastic):
#- Maxwell Model ¢ Voigt-Kelvin 8 55 i & » ¥ 12 | 4420 s 4 5430 31
B~ R R I (T - B R gy it




~ali00Ns

()
& 2. 8 (a) Maxwell Model(b)Voigt-Kelvin (c)= ~ i+ #-3][1]
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S EE
ig —Eé e A7 50 X?E/?Jrgl”\

¥R g 0 RE R
~%4%W~ﬁﬁm

AR o o P A RLAE S AR TR AT e R4

%z@ix,;,zﬁ¢ﬁﬁwmﬁm’w¢ﬁ%m%%m?
CEHEZ R ETES AN S

VN i

~N

\““b hx& \rm\

BRI TSR I T

?ﬁﬂﬁéjmﬁ ﬁ*%wﬁﬁﬁwﬁ@ﬁﬁé
IPIPAR S AR AR i\ S e XNl A
SRR EN 2R

BA T PR R 2R A 0 SRR AR s

- A
17 % # * Carreau Model ~ Cross Law - Power-Law ¥ Log-Log Law % e i 5

CIR A e = RS -

SRR SR BN R Ry

LEFE a3 (R 7 7 RERH TS BX):
vov=Da N OV 2-7
09X,  0X, 0X; (2-7)

Viktghk ViVoVs s g RAE ¢

2. & < 57 fr 5N
—Vp+V.T+f=pa (2-8)
T = 2nD (2-9)

f= #84% + (Volume force) ~ p& B & -

PB4 ~TEEL®RE - 5 Ak
B ~ D 3 %253 & (Rate of deformation tensor) ~ n & %t 2 % #c

> i PEARA R L 0 B R ] 0 @

ed 33 A
P A 2 LRV L ek > TN 2-8 i A RS B R TS 5N o
—Vp+V.T=0 (2-10)
3.0 B =R a
DT
pch—zy—V-q+(oD) (2-11)
DT ot +V-VT 2-12
Dt ot (2-12)
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BROP TR AAPREINER TR AR ORI E voi

"ghk

UlU

& &4 5% & (Cauchy stresstensor) ~ D 5 %3, F %k & ~y5 M ERE
¥ =84 g g ~ Cp 5 vt £ 7 (Specific heat capacity) ~ V & 7id+i# & ~
q & #vid & (Heat flux) -
FbSE 2 H):

AR R A 47 F1H 3
15 &% KA R - i R RE R A S
ok &aE o T RENEEE UENLEENEVEC§ TR Gzrl 5 ol A 1 : X e
i H ) g7 A 1) L5 AN T S g'g_,
At A

g0 & B AR A e s
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24 % A3 5 K Ewafi A B

FOE 5 PERAPE AT S 8 X RF AT R A P g R
PR E R T DA 0§ 198k B g A A3 bR 4
B o 4 & 2 4y Celluloid Nitrate(F % 32)ehié * o § PR B ILAL ~ £ ¥
AARS AR A SR T mer 00 BB AT OB EBRNE N AR
TR B F %Faﬁfé’ﬁﬂftﬁ?%ﬁ‘f% Aadeng A5 A A 1920 £ LS R
Hermann Staudinger » it 5% &% i1 7 F A 5 aape &> pot PrA= R 352

Lt AL s

RF e~ RELfF 27 e L 2 et LR FAFHPE
& R o
KRAF R OFET 20 F 5 BT 2 5 ¢ Gt 2R3 A 3 Fws
At ST A B St o
241 A @ %Iﬁ;"’
MG R R o Eh o F RIEE S EAR
B4 RS e &Y ih
FH3 5 50U
ok h Gk Ard & R EHE2/3 0 4
WE K EE L &R AT AR ARRS F(LDPE) c X ER % AR
¢ % (HDPE) ~ i # (PP)fr B & ¢ F(PVC)E > 7 7 & 4 & HoR 25 & xR
iy b g RRITHALE Y > - kR IR FE P EHRLL G
ks chat Gy e ARAE R A Agrde g 0 358 Tl e A F F St e

o 2 B A P 44 L
Ze A B g RELIT R L
i

T =
2,
NmM g

g

S

» 2

- ST 3 N A

VR it o

242 FWLE 2
WA F T Lo a B8 gL IR RFIELFEL pw e

i #ﬁﬁmﬁw’ﬂﬁﬁﬁ%@f_mv R C et /N

BRRETE S S BRA Ap A R B B Ry kg

=g
A} - ’ 7’ ’ 2 D EN [N :P",‘
ZTm AT g AR R EUE R e
|2
£

Bt e gt 2R

3
3
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http://zh.wikipedia.org/wiki/%E8%B5%9B%E7%92%90%E7%8F%9E
http://www.hudong.com/wiki/%E8%81%9A%E4%B9%99%E7%83%AF
http://www.hudong.com/wiki/%E8%81%9A%E4%B8%99%E7%83%AF
http://www.hudong.com/wiki/%E8%81%9A%E6%B0%AF%E4%B9%99%E7%83%AF

RGN AR KA 2k F

FHATE
FEIO R L AR B2 B kit Y o AT A EE kS
NBAFEEE S TR fe G A R ATER L PR Fl g R
FETIT Y ~ RSt @ B 3B~ 20 RIRPFITE DI FFACEDP o
Ty S 5
Tk B LR R A ﬁufi?{— BAP a1 E > @

BB 1Y R K ﬂ”iﬂ R s (LR T
EJ%ﬁﬁﬁﬁiiﬁ’?ﬁiﬂﬁﬁ&*@ﬁ R AR ik

UL PRSPk o P oW iR kTR * B3k R e R (PVA)B A
G R B A AR S RS R T RGeS B G

M {s 4 PVA S ffednil o o A7) 2 BEGR O GEA 6 RIS R
woom BP0 gk 3t gl FEN S e (R A o i ek B & R TS
A > ra’m# € AT 5 4t ,ThTﬂ‘ L3]Gt E m A5 e
FLE B

PF BRI B S AP A AT e T T Ap iy - Ae) S
’E%f# *ﬁ ?3”- O RE PR ATHF o 55 BAALR A 2 - R

ST L T JI‘ gAY R BT W0 Jo kS epingl g o Tt
Her ﬁ.é_a‘fr%wa%; et 2 B A+ 1F4g 5 B cniG e RIBen b ¢ B

7B R BT, & HE e o

iy B4

TG A e R V’rﬁé\—*%ﬂ'dww}u# RS R e N U A g
B h G R > Fpr R ghR 2 g A FHRIFRFREE £
BEos A BAF SR B A & BAE & e i S endu by
LA el SEIR AR

f

243 FAF SR T L ehA R AL E
HEAF IR BE Ty s R - BRG FLAT L

LR $PTHR S A L B A Y R R T AL 47 % ¥
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3'3;5 & AP ¥ e o
11 £ f #4247 &

REEA* ERIFRY LR REHPFIEF RN DR EEETER
b %0 Flpt DSC A & &Rl A4t 2 ﬁﬁ@@%&%ﬂﬁiﬁﬁiiﬁ@
¥ Fletw i ggd DSC £ R 3 Ao § 22 F R L%l
2 Ao s BRI AT EAR  HF Rk B R R EE A
CE B -RBAMPEORET CRFPFESE SRHEE o F Aok UL T
e BRET URR - ARV EaE R ’ij‘ﬁi‘.iﬁ'lr"s S C el B
A E AT B Aeb R B il R (Ty) ~ %R R (Th) ¥ S8k
2.X Sk bt 47 2

X RS L 472 LB B o+ LR 48l h A kg
R SRR

nA = 2b = 2dsin6 (2-13)

A M EEE A BIRF L BRI L R RE L Gk 4T
WY Wz BT B ERRAMNE FlE B A+ R mPEAEs 8 A
RAMEE B f R+ FeniEgrey Xk Z LR @ v ) % gt — B F 4
P XERFRIFPFELEMPEL T L FTL G S8 A4 o
3.k §F Bilcsiy €+ B sk

k5 RS R 3
A5 AR LR H 3 f% FEL VAL - FBRAZI N AEER A
S S LSS s AT IR T T RS
(Scanning electron microscope  fj i SEM)';»:’ WARFEFFIAG RV N
FEAOEIR A AR R ERE D HMSEE YRR g Xk k%
FURE AT ERY A G D A o R R B TR SR
Jaw i 2F m%”‘" 1EE R A BLREARY €
hiwm A4 TR FERBEPE R R » | F B ET T R AE
i

BRI R FlenF AaRBFERFRRY fﬂ#ﬁ'&l v BT BRI A0

<l
02
4
P-4
i
&)
o+
\_.
A
-
7
—
N
i
gm
<
2
4
N
N
&
S
T
v
gm

B3 AMRET 0 2 ERIE S
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http://tw.knowledge.yahoo.com/question/question?qid=1405111408762

4. F + 4 B A

=+ 4 B picds(atomic force microscope f§ #- AFM)E_p = LRl % » & 32
BRSO B TREIA - BA G RFR RS E G DX F
F LR AT o SRR S ] it DR Mol K R AL K
PRGNSR FIHAMREIRSA G T S AR R ¢
AR PR G d @ B R R e BT R HERT  af
¢JWMm§ﬂﬁ4?ﬁ{%ﬁﬁw4~ WA Ay Lt g FR
4255 PRISEM > AFM 7 2 BRI E R LR > R Fend 5 A
ggp} 7 F R P BRI 2R ASE F Tk BT FH T
% FFEHIEL B plena Boaprd B G R B o B ig g st 2+ SEM o

A

raEl=E

—heleamiEE

PVAJE

2.9 % & S5 2 W
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http://zh.wikipedia.org/wiki/%E6%82%AC%E8%87%82
http://zh.wikipedia.org/wiki/%E5%BE%AE%E7%B1%B3
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S Y R-F SRR S L J
3.1 Bk

AL AR S HUSRZRYTEZ LS FRAEHFH
S I chB AT B ST BP0 B Bl A BT -
TR0 g M s B R 6 T e

YRR AR LK BAES T e 5 2 R eE R
DEE SRR TEY PR SO ES G SEE TRE LS S
itpel o BHRPL D RO HFUANT P LK RHICE R -

F B P EL A T g af b TT S Sdlick iR PP/PA ~PCIPMMA {7 e e
PE L ERATHCE 2 R R 393 i, B PP PMMA S~ r- ot
Plen2od & A ¥ 303 R 148 X 4 ¢ e PA ~ PC iE (7 2 F 8l ] p]
PR g a2 S A el o B A BURSLELRI AR - K B2 323 12
2R R G chi i e

B2 RERA AR HHF

O TYET Y TET TR TRy ﬁ@%%%
BoL & SR H ] 3R dheads > @ g g chi B 4 g et o

FoHRZ2ZBEHBEARE FRCAEFUBERe 27 5 2ifgsad

¥ fe 2 ,N‘%i%‘ﬁfW‘Aﬁﬁﬁﬁi%ﬁgﬂb%T@&lﬁﬁ’
WAE ade 4 KR A Sd B 313:] VSRR T L?J‘l%gé PT

R i KK T A ol i oo R H A AT
1.AC @R 5 iE:

LT g A5 5 3MB200B mﬂiﬂ A1 ¥ 3 2kwo 3z 4 9.55N/m >
# & 2000rpm > 4@ 3.2 #7or o
2. 2 F (Tube)&¥% 4% (Screw) s:

Froa oLl FRpg o2 iT 3505 SACMEAS H T2 P 2+
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B3 AL S 30yx25L/D S 4 ) R e 1 S ] T RS
AR5 HRC65 - & & & 0.4m/n > * f‘:j{‘_@,smljf Pk~ BEEL R (S AR o B
H e FARE 5 90yx30 3¢ 25L/D  AERE S F it AT A B 5 HRCG5 »
AR K 5 04m/n s 4 frokde 1 A 2 350 B 6T B R RE 2 H Ao ] 3.3 1

o

>y

3. B & ¥4 % (Temperature controller)& g /8 4 (Thermal couple):

R AL e e R R f £¢74% ED-1515 8 iF B
¥4 45 4B 3.4(a)m )%i 2 i@g BB 3R P # Omron 2 2 )55 E5CK 2 8 £
B p p FFEROTE G SAcP] 34(b)#Epe i * hR Ry & K-type o
4, THE R DT A ‘;‘(Electrlc heating ring & piece):

F AT 27 A S 55 300W-1500W * & > &R Y A 220V 0 T AR
g R AR A B T e RS ORE 0 R AR TR B F(KW)iE R
EFIL 3V
e e R (Kg) X k4 e 1+ B (Real X Kg°0) X ¥ =13 & (°C)

860 x 4rv £ pF [ (Hr) X 23 ()

(3-1)

5. % #%(Reducer):

BT s R R RS e 160 P S a A o @Y
Pt} B 5 SSAL Sk 4ol 3.5 1T o
6.2k VTR A& E 7 WA

B ik Ber o) 3.6(a) b JRIRS R X U R
W1 E A7 H 4o 3.6(b)
7. K VAR TR 8

g £ FHUKEERS O B4R 3.7 31505 WMD-10 » §IF 6 4
5 1IHP > & < /i€ 5 135L/min -
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3.2.2 3 ¥ BAIR &
Bl Ao P61 X F A OM) 2 Ff N T+ ks
(SEM)$ H i 7 Lip 1 ™ 23 % 2 A1 %5
1.% 5 kg fic4k (OM):
4o 3.8 777 7| %5 Axioskop 40 » ZEISS 4 » B 4512 % 10X » 4112 &
45X~ 10X ~ 20X ~ 50X ~ 100X » & fle & # %45 ~ AT F 45~ WA A -
CCD £ B~ s 5 o

A~ /\
i %L < Phenom ProX 4 TR

i 3945 M ~

2 & 20x~120%x 22 T F RE pt

PR S B
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B 3.1=kE#HAE
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W 3.7 K G5 O
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Bl 3.8 % & kst

Bl 3.9 fFds ¥ T+ Haks
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3.2.3 R %L

A G ¢ 4% eh s k Wt PAIPP ; PCIPMMA & #8583] » PA ~ PP~
PC » PMMA e 4 4rk 3.1 % 4 3.4 #57 o

AF T AR T #74 (BASF) 2 7 #¢4 & 1 PA(UItramid C3301) -
Ultramid C3301 £_PA¢ &7 PAss 2 & J4 » PAc 2 PAg e 1 g & F I
Jo Bk PAg Bd ¢ S e - v S PAGRIEd & p o pEiRE A o j5
AFEHD F o @S BER R F AR Fs K enfe a2 g G A
A omzbf Ty o fe B¢ PAGEYE BERUI S bR 1 FR i3 12 s Ap
$HPAcF ° @ PAge - fEF S h et g BT F FRIFRF kL2 5
B AR 4 P Fp PAg &7 PAg2 & B e e 0L b2 R AT 18 T A
P e Bl i ol dg A 5 P A L AR P ek 4kl

Ultramid C3301 e * B m P B g3 2 2 1 Hed w3 3 %
Eidk A AR BAEF s MBRT IR EmRAEFZAEE
Ultramid C3301 4L 4% % 4eF :

4y

1. g skt

2. % i P pL

3. % B iRILS A

FPFPP)E- BLERHEMFA I EMLEE LG s
S L e AR Ll Sl SRR R R e
P& K PP enig % § iR b Sodoks B LG #5 P PP 175 PET % i g 3
Bro AP HRFET P AL (SUMITOMO)#74 A chf 5 5 ( PolyproPylene ;
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PP)AVL6L H 44 4o :

1. st i

2. Bkt

3. W R s

4. inds g

5. 7 % =R

4% BE:

Lbe 1 PR RIS Je g B = > 3 A 4 5530 S R 8

2. M PP R g 4 T

PC & 7 751 o B 1 3 ARE R 0] 7 37003 2 5 54 eh
ikl H A M T RS T L LA B % PCARR R
o A P A T ER AR ER AR B pARE P2
F iz fia (Polycarbonate;PC) Lexan 104R H 44 4o :

B
1. f e |+ 3
2. 5P R B

3. dffL ~ i
1. % o ¢h sk

2. oK

PMMA £ 5 fdF e P s i Ff8 g » 2 7 5 % d 0z 41 > FIH
ARG Tt D o B W R BIE R F 5 T PMMA
FHP R A% HETERNFREOP L AR AP FRY i
(Polymethylmethacrylate;PMMA) DELPET 80N H 444 4 :
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Bk
I &3
2. mfd bk
4% BE

IS 4

2. i ik
% 3.1 PP(AV161)# |4 %
i kAR H ficie
%R ASTM D792 glcm® 0.9
i R ASTM D638 Mpa 24
% FVEL B ASTM D785 HRC 88
oy 18 1SO 3146 | ™ 170
#g8 k | ASTM D648 "G 114
Fipindedn e | ASTM D1238 g/10min 5
# 3.2 PA(Ultramid C3301) 4~ 1+ %
Fd R A iz fic it
%R ISO 1183 glem® 1.12
Fidh e B ISO 527-2° Mpa 80
o AER (1% in | 1SO 307 33
96% H2S04)
4-#2(0.5% in | 1SO 307 cm®/g 195
96% H2S04)
18 ISO 3146 C 196
S 1SO 62° % &1 11%
T #7:3.2%
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% 3.3 PC(Lexan 104R)#~ {+ 4
B B ¥ = ficie
% B 1SO1183 glem® 1.2
i B ASTM D638 Mpa 65
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