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Melt Behavior of PVDF/PMMA Blends
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8 ¢} :PVDF/PMMA 3= FA& 2087 W¥EA HE (weatherable film) o2 AH&317] 93
AgH ARG, Z2re 713 F2 4 AAFHZ 1 oA, HA 7tF2EE FHEL
ARged £¥AF S a3t PVDF/PMMA A== A4 &§7](continuous kneader) & At
g8t HEBAYE YT DSCE AHE8A T, Tad SASA 3844 28 ZAEA . Instron
Capillary RheometerE A}g-3to] A& T 100~10¢sec!, &% 210~270C 7oA 7 H=
(apparent viscosity), # 7 % (true viscosity) & 73t 2™, tho] 33} (die swell) 3} melt fracture,
21233 melt flow rateS =334t} Eccentric Disk RheometerE Al&3le] A& % 101~10? rad
fsec, &% 230~250T Tl AEE Pk A= PVDFYo) F7h3tel wetA Frtshe
AL YR, Adss, 257 FUHe) gad Axe ZAde A%E ez, 2
ABEE P NE PMMAY %o] F7iee wet A% FA&o] Folzch. PVDF/PMMA £1
co exoEAL WA §43 UANE AT g, HE9) ol HPd F nF AF
PMMAZ®] 9ko] 715l el 2A #ade %S Jehli2dch. PVDFY] o] 5713 ol wet melt
fractures VY EE A o] Ao, melt flow rates 2 A ZA3A T

Abstract : The transitional behaviors of the melt blends of PVDF/PMMA were examined by Differen-
tial Scanning Calorimetry (DSC) over a temperature range of 25~300T at a heating rate of 15C/min
and the blends were found to be miscible judged by the single, composition dependent glass transi-
tions. The melt behavior was measured by using Instron Capillary Rheometer. The flow curves were
obtained from 210~270C over the shear rate range of 10°~10* sec’’. The apparent and true viscosi-
ties decreased with increasing temperature, shear stress, shear rate, and amount of PMMA. The die
swell ratio decreased with increasing temperature, and increased with increasing shear stress and
shear rate. Also, the melt behavior was measured by using Eccentric Disk Rheometer (RDS). The
flow curves were obtained from 230~250C over the shear rate range of 10"~ 102 rad/sec. The visco-
sity decreased with increasing in temperature, shear rate, and amount of PMMA. The melt flow rates
decreased with increasing the amount of PVDF.
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2 Z2]vj(homopolymer) 7} zte A
S Mgt WHe gdutFoz o 271X & At
g}, WA AAHG YA E 2t FF A (copoly-
mer) & 43k Zloln, tE & WYL gtz
7t & 2714 ool EEH

Fshe Aol FA= oln|
HES AMRE & A7HF *ﬂi—r A5g N
e fgsich!

B AgdA= PVDF/PMMA Edc=E 1@6}5{1
on, oA tEAHQ 48&-d(compatibility) £
g 4#4 git}t. PVDF$RE 71413 A=A Uﬂﬂ
gAdo] S48ttt 23 PMMAS A £943 @0
vl st} ZFae) g WAool 53tk =3 &
o] Fo} AyAo] 435} 4 PVDF/PMMA 4
e 200030 WFEA PE(weatherable film) o &
AHg-3L7] 9i8hed AQts it

PVDFE #2343 ZEgdvo)i, PMMA= H|AA
(amorphous) Zz]#o|t}, E-}3A PVDF/PMMA
By PVDF ®Ao] 50wt% o]t e &3]
FEA B AEE 280, 3 ol AN E
PVDFute] 2497 PVDF/PMMA 2 =¢9] H]4
Agoo g ZAS= vH)AHEA (incompatibility) A
g Zte BYdsolrh, b9

aEAe AEe F2 &88 JAGHE shasl
o] ojuf9] &8 A% (melt behavior)o] F23HA &
o}t o|AL nEA 71EFA HAH ThExPE 2F
he=dl F-831d. PVDF/PMMAS=A¢] &8 A%l
B3 AFE A AFsPen B HPdMe ol
F3stgt.

o) 2
Aol HEH o) #AF §E<2d {H(rheo-
logy)2 F& § ‘i’i@r—‘i AAzA EZXYAeH,
o] glv FEA $3(Newtonian fluid) &= &
2] e ‘\'":_"Z]’ﬁ A AT &S 23 ok

&ziof #1534 55 19913 10y

Ao gEHQ AEE He(viscosity) 24 gl A
e, g3 o] Aoy,

HAx(n)=Ad&H()/AGEZE(T), [poise]

S dHshs AFEE =do] YA tho]H
Z(die swell), 97 43 £+ (enterance pressure
drop), 2|1 YA S¥xz}(normal stress differe-
nce) Fol &=HA U,

Capillary rheometerd A= duizo g HdaEs
10°~10* sec? F3tol A H=E & 4 U}, Capi-
llary2] L/Dgt-& WH3IA1F1H A force9} cross head
speed (A 445 E 29she Wrg 78
T Jonz ZHHE Wt Ao v (wall)
oA Hugkg Holn theut g},

r,=R - AP/2L

2 X.7]|(apparent) AG&EE thg-3) 2,

b= 4Q/nR3

od 714 Q& volumetric flow rate2 4], cross head
speed 9} barrel area®] 0.2 Jepdict, 2H7] A
e o3 o] dojAy,

nazrw/?a

9ol A7E EiE end correction, slip correc-
tion, ~12]3 Rabinowitsch correctiong 3l Z3
= (true viscosity) & AArgict,

Eccentric disk rheometer(RDS) o)A 3712 ¥ E
o o3t HetAdel 2 WY y*ol &3 o] BY
Fool A A9 F4 REo 2 YeliL, oA 2
A A G'(AF Y HASF GCGBIE T
g}, ol B3 REYAE

| G* | =/(G)?+(G")?

2 Jehloix 1, o§ o|&dte BIFL n*t T
A¥x & 78 F Uk

*=G%w, n'=G"/w
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Die swell& g2t &F3l9] BHEFOZA,
dieth 2 Wig e TE2}7} dieS WA Ygol wat g
A3 B oA g HFS /Y3t glenz
A A= Aow LA Uk, YurHow
2%, capillary Zo)7} F7gel wet kgt &
©se, Avsert Fuhgtel wel Fobe, 01

Melt fracturex= o] AA ST o] ol A H&A| 7}
BAANAY BAT RG-S 7HAA He d4E T
e Aoz, &xv) 7ad uet o] F=
2}, o] AL melt/metal AH o)A <] adhesion?]
Az dojuhy FoJo) &4 MRt B &}
oz Agslo] Yol Zoltt, Melt frac-
ture7} dojubd B4 W=7t AAL recove-
rable HIHF & Frigc, B0

HAE oA 2xe FEEH AL F9-3)
£ £33 AREA, &r JEAS
typeol] ol&) @@t 167

Arrhenius

n=A - exp(Ey/RT)

Capillary rheometero| A& A3 Ad&cr F
ojFog, UAF HIEZNAMY EAstiAA
Eye 02 2o A4gd,

Log n=Log A+ Ey/RT
4 ¥

B A8 A] A28 PVDFA]+ 1= PenwaltA}
o] KYNAR 741(M, ; 100,000)0]1, PMMASA):=
%¢] RhomAte] PLEXIGLAS 8N (M, : 120,000)°]
o}, zZtzrel A AF ARQEA 80CE fA
HA 122759 F23] AXRAAY. oF 4 =
Ao g HEgstg 74z YHS A3t FEoR
A8 &% A7l ¥ continuous kneaderE A}-4-3}
240Co) A melt blendingdl¥ict. EA=H Alge
52 YA daele]R 7|AE AHE3lA pelletd
B 9EQL A5 71 TPAE BA3] fte
oA AF AZQEA 80CTE FAAA 12AHE
ot 83| #zAZth. ¥x=Z RDS(Rheometrics
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Dynamic Spectrometer, u}=+ RheometricsA}) o] A}
£5= AL #8135 AJEE compression molding
(&% :220C, 944 : 50 metric tons, L=A|7F:5
B)S 3l =Eo) 2.5cmol A7} 0.2cmg) ¢
Az A HE 7 249 5704 A Fsia.

HA DSC(se4% : 15¢/min) A T, T,&
%73t PVDF/PMMA Bdl=9 484 q3g =
Abstett, Capillary rheometerE Al8-3}ad 210~
270C -7t A H =, die swell, mwlt fracture, 1
2] melt flow rateE %437t} Capillary= No.
1(D : 0.153cm, L/D:33.36), No. 2(D:0.153
cm, L/D:16.68), No. 3(D:0.076cm, L/D:
33.41) & F2 AHE3tglnh. Die swell> A2 d 1
A 8849 AP & vtolazrEHE qYH FF
sle) HFES 78 capillary 3 A ) vjE T o
v AgA-S 83ttt RDSE AH&3td ddén
0.1~400 rad/sec, &% 230~250C F7lolA Hx
g 2339, 274 s AP L 15% A

&

25 2 23

PVDF/PMMA Ejl=9] 484 oBE ALY
A3t DSC d4& 493l Fig. 13 22 HAAE
Agich. YukHo g F DEAZ BAYT ALA4
BA=old 2 wgdde] gl T,7h vehd
a, veA Bl & ngA 1§ Tz ot
ehdcka deld ok PVDF T,= —40Co|x
PMMA T & 105C24, PVDF T & 8l¥ 4 ¢
Ao, 71& =i 2aE Q8atgch % 440
Alv= PVDF 50wt % o] wj= PVDF7te] A9
o] EA3IH o, 1 oj3te] 2Ad = PVDFe] 2
A4 go] 2A4tA ¥ PVDF/PMMA EJ=9] y|
AA3o] EAF ). £5 PMMA2 T,= PVDFE
A7Vl wet Zaskedl, ol 484 Ed==
&t W s= do] Fo] PVDF7}L F71shol uiet
F7hgthe e Agec, 8

Die swell& 233 A3} Fig, 29} & Ane
AUtk A ALt A Ztzhe] A7 swe
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PVDF/PMMA Ed =2 88750 28 A7
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Fig. 1. DSC curves as a function of temperature for

various compositions.

lling ratios}e] #AE Yehlie I8 A, JAGE
57} 2ASAVY &5 71 71842 swelling ratioZ}
ZHastgct. =3 PVDF 40~60wt% Tl A 351
9] swelling ratio® zt: A2 H4Gth Die swell
& 24 2§ 2AHE FH 29 &+ PMMA
"} PVDF7} & & Jepiigich

Melt fractures =4 &%, 133 JAdET
(cross head speed9} #&H)E HAZAIAA BEA3I
o}, Fig. 3oiMe 2271 @AY Ad4 %, PVDFY
ofo] Z71842 melt fracturet Yehe 7 dko]
= gAch Melt fracturer= 399 €4 Wad
271 8 Afou Az Ao doju= ol
Melt fracture7} ol &4 W FLiA7F A=

el #1538 A53 19913 10¥

2‘0_ Shear rate
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Fig. 2. Swelling ratio as a function of composition for
various shear rates and temperatures.

327153 Ak d (recoverable shear strain)x
Z718e 2 die swell A Z718 Zolot, A
AE2AY AGEE 10~10Psec’NE 227}
230~250C Y@ melt fracture @Ato] Lyeh}x] gke
4% 272 Ak 23 AR H e £84 A9
Ao 98l o draw-downd AL 2%,
PMMAS] o] ZF7hstAY Aa&ert FA8rE
Yehde Aol F=eArh

Capillary rheometer$} RDSE2 =A% H:+v&
Fig. 49} 59 JehhAc). Fig. 4= Sz &

£ ¥aNged 240 e ZEIFEE vE
At £4°8 PMMAE= ¢5% PVDFR} 242 gk
Hxg zton], PVDFe %o Z71gtel wpet Fx7t
Z+4:3}t}7} PVDF 40~60wt% oldoME F7tehe
24%e Bgd. a8u AdS et ke 24
we yedse A gt Fig. 55 A= A
gE o Bile YA SEdAM RS WA
7o}, XL capillary rheometers} RDSe] AHE
Agstd YL E 0.1~10%(rad/sec, sec) kol
A Vel glct, PVDFge] S7tgtel aet Axe 5
bty en, Ad&srt il meba PVDFg
PMMAS] Hxzatole AXE 7A%E Byc. AG
&% 7+ad WE HEF7H8S PMMAY go] F
7hetel wet #AasA.

Fig, 6& Z/3d3}ol oE melt flow rate W3E
vebdich, Melt flow ratex= PVDF¢] o] F7}3o]
wetA #Fadgen, £4# PMMAS PVDF 60
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Fig. 4. Apparent viscosity as a function of composition
for various shear rate and temperature.
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Fig. 5. Apparent viscosity as a function of shear rate
for various compositions : (W) PVDF, () PVDF 80,
(@) PVDF 50, (O) PVDF 20, (A) PMMA.

wt % Ako] 8] ZA o A& 230C/12.5kg A@zANA
40~50 g/10 ming 2=t} HE7F 2 2439904
+ melt flow rate?} 22 S 2t 2 FAE &
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S EX O g A= Fig. 73 8o UehA
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PVDF/PMMA Ed =9 §§A T #F A7
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Fig. 6. Melt flow rate as a function of composition.
1000}
£ 800} =
2 . 2
£ 2
S 600F N\ g
=4 *n, =
g Y. \\\ §
- L \\ 'Y \‘\ =
'§ 400‘ &v - ~m--- B “
2 L " ,_;——o .
3 \: ""v\'
200} e —e v\ 20
L \ =3 168
200
B , 680
0 20 40 60 80 100
PMMA PVDF

Composition (wt% )
Fig. 7. Activation energy as a function of composition
for various shear rates.
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Ausro g 259 AL, die swelle) BAE
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Fig. 8. Temperature dependence of viscosity and
swelling ratio. (a) Viscosity as a function of tempera-
ture for various shear rates. (b) Swelling ratio as a
function of temperature.
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2. melt fracturex= PVDF9) o] F7}8tAY &
7 223 vehe Ade] St deE
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. A5 PVDFge] Z713tA B & AdEE T
7P°ﬂ’\1 Z748he A4S By e AdLert
Zz71abd 2Aasiy, & APEEoE 240 1E
W A9 At B A9SE gad gE 3

27182 PMMASY o] 71855 Fobath

4. Melt flow rater= PVDF¥o] Z7}5tol whet 7+
Adgm, 230C/12.5kg 274 PVDF 60 wi%
o] 3ol A 40~50g/10 ming] g ZE=th.

5. PMMAE PVDFET} & &43lduAs 2o
o, 2 zZ7HN71A gAslvAe 7o
th, 182 g &5 & %71A)71%W PMMAE PVDFR
o} Hx9} swelling ratior} ZA #idke F¥E
HRA
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