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3% 3. Logarithmic plot of Je” against molecular weight for poly-
styrenes of narrow molecular weight distrubution.[ Plazek and O
Rourke, 1971]

H 1. Critical Molecular Weight M. for Entanglement Coupling from
Dependence of Viscosity on Molecular Weight and M.’ for Entang-
lement Coupling from Dependence of Steay State Compliance on
Molecular Weight.[ Graessley, 1974]
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g 1. Log np versus log M for several polymers. The data are shi-
fted to avoid overlap. The lines shown have slopes of 1.0(left por-
tion) and 3.4(right portion).[Berry and Fox. 1968]
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3% 2. Relation between M. and M, for polymethyl methacrylate,
polybutadiene, polyvinyl acetate, polyisobutylene, polystyrene, and
natural rubber.[Porter and Johnson, 1968]
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Polymer M. M. I\D//[I;
Polystyrene 31,200 130,000 4.2
Poly(a-methyl! styrene) 28,000 104,000 37
Polybutadiene(~50% cis) 5,900 13,800 23
Poly(vinyl acetate) 24,500 86,000 35
Poly(dimethyl siloxane) 24,500 61,000 2.5
Polyethylene 3,800 - -
Poly(methyl methacrylate) 27,500 - -
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8 4. Molecular weight distribution and rheological property.
[Han, 1981] (a) Molecular weight distrubutions of two high-density
polyethylenes(HDPEs) : Polymer A has M, =151 Xx10% M, =151
X 10°%, and PDI=10.0 ; Polymer B has M;=048X10% M, =2.26X
10°, and PDI=47.1. (b) Viscosity versus shear rate for the two
HDPEs whose molecular characteristics are the same as in (a). (c)
Steady state shear compliance versus shear rate for the two HDPEs
whose molecular characteristic are the same as in (a).
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8 5. Logarithms of storage shear modulus and tan § at 1 Hz plot-
ted against temperature for four methacylate polymers. (M,) me-
thyl ; (Et) ethyl ; (n-Pr) n-propyl ; (n-Bu) n-butyl.[Ferry, 1980]
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1% 6. Viscosity and steady state compliance for linear and star-
branched polymer.[Mark et al, 1985]
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2% 7. Shear rate dependency of viscosity for linear and long chain
branched polymer.[ heometrics]
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18| 8. The making of a master curve, illustrated with polyisobuty-
lene data. The classical Ty at 10 sec of this polymer is —70C.[Cas-
tiff and Tobolsky, 1955, 1956 : Nielsen, 1962]
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33 9. Storage shear modulus plotted against temperature at app-
roximately 1 Hz for polytetrafluoroethylene(PTFE) with the follow-
ing degrees of crystallinity : from top to bottom, 92%, 76%, 64%, 48
%.[MCrum, 1959]
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7 10. Four concentration regimes of rodlike polymers : (a) di-
lute solution, (b) semidilute solution, (c) isotropic concentrated
solution, and (d). liquid crystalline solution.[Doi and Edwards, 19
861
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2] 11. Dependence of viscosity on the concentration of a polymer
having various molecular weights for solutions of poly-p-benzamide
in dimethyl acetamide at 20°C. Molecular weights are 3 (1) 1.0X104,
(2) 1.6X10%, (3) 24X 104, and (4) 69X 10%[Vinogradov and Mal-
kin, 19807
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12} 12. Effect of cure temperature on the modulus and glass tran-
sition of epoxy neat resin.[ Rheometrics]
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23] 13. Change in viscosity of bismaleimide(BMI) resins during
constant heating at 2.7C/min. Bottom four graphs are for four neat
BMI resins with different structures and lengths and top two gra-
phs are for BMIs having catalysts.[Park, 1992]
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23] 14. Log G’ and tan & plotted against temperature at approxi-
mately 1Hz for poly(vinyl chloride) plasticized with diethylhexyl
succinate, with compositions as indicated : (I) 100% polymer, (II)
91%, (M) 79%, (V) 70.5%, (V) 60.7%, (VI) 51.8%, (VI) 40.8%.
[Schmieder and Wolf, 1952]
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PMMA~} ¥ &t} @9 o8 F5HE 2 24 A
Qo] =5 3] fejdo] L& /A EE, HYUd mo-
rphology & o]F9, we}A random copolymergh= &
A5 & Aok o] FFFAE MMA o] S7HEFE
rubbery plateau”} 71381t}

cehd ZEEA7F 91 block copolymer o] 7t
block & o]F& 24Tl “8-d0] gtk o TTFA=
27U heterogeneous) morphologyE Al =i, T,
T 4 AR 1/Y @& g 2 ok

3 16¢ styrene-butadiene-styrene(SBS) triblock
2%3%A| 04 styrene/butadiene?] FeFu|o] J3kS vlE}
W oo}, zAuo) @A glo] polystyrene®} polybuta-
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2] 15. Composite curves for the relaxation modulus in extension,

E(t), for poly(methyl acrylate) (PMA), poly(methyl methacrylate)

(PMMA), and three copolymers with compositions indicated, redu-

ced to 100C. Mole percent PMMA, left to right : 0, 42, 61, 75, 100.

[Fujino et al., 1961]
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19 16. Isochronal plots of storage and loss Young's modulus(with
a logarithmic scale) at a frequency of 110 Hz against temperature
for styrene-butadiene-styrene(SBS) triblock copolymers. Decrea-
sing values of E’ correspond to decreasing styrene/butadient ratio.
[from Ferry, 1980]
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22 17. Relaxation modulus of poly(vinyl alcohol) (PVA), poly(vi-
nyl formate) (PVF), and partially formylated poly(vinyl alcohol)s
with mole percentages of esterification as indicated, reduced to 80
C.[Nakatani et al,, 1968]
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4% 5 79 T, Ato]o] 2=H90lA modulus7} 74
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o|FolHE Aoy I 177 2 FHEANS et
o714 %A+ PVA(polyvinyl alcohol) & F &4}
¥h2-A)7# vinyl alcohol 5 U¥-E vinyl formate(VF) 2
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shapeo] vHA ¥He=d], 1 W3l Jert &, At ¢
shear rateo] wetr A o)zt 7] wjolc}, whebA
A=) domain T2E 7H4E FAS oA FHE
e 2337 98XE dynamic Ago] fajEy E3
low frequency 54do) 8% HE7l €}, Hutzxo=z
EJ=9 1 E-4L morphology ¢| 938 Bo] wett
£ AellA copolymers} frAksich,

Ed= 9] domain shape ¥ sizes} Ztix sidas
matrix/domain interfaceo} 2] AHEAd)| a2} FHEA
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73%-olch

(a) Domain droplet Ale]ell interactiono] 72} {111,
droplet®] H=7} matrix Bt} o)-$ Z 79

(b) Droplet A}o]ol interactiono] {11z, B-al= FAlo)
we} phase inversiono] dojd A&

(¢) Dropleto] EoJu}A] threadlike fibril=

= oeH 22
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2] 18. Schematic summarizing various shapes of blend viscosity
curve : (a) viscosity' increases monotonically with blend composi-
tion 5 (b) viscosity increases, exhibiting a S-shaped curve ; (c) vis-
cosity goes through a minimum ; (d) viscosity goes through a ma-
ximum.[ Han, 1981]
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Ib

1@ 19. Steady state compliance plotted against weight fraction of
high molecular weight component w; for binary blends of polystyre-
nes . open circles, resuits with M;=125,000 and M,=267,000 ; clo-
sed circles, with M;=86,800 and M»=500,000 ; solid curves theo-
retical results from cubic blending law ; dotted curves from quad-
ratic blending law.[from Ferry, 1980]
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(d) Shear stress9} shear rateo] & Atej ol A droplet
Atolel] 73t interactiono] AW, EAE morphology 7}
A2 interlocking o] Y& 2S¢

B9 FAENS Az getdx 34w,
A& S0l M2 Ho]x) ¥ PMMAS} PVACE £rjo] =
o #UF &9 e I freeze dryings S BI=g
Azt FAS EFFUNE AT BA=E dA Ho
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BE 240M 9 T8 9A "ok 12y A-LolA sol-
vent casting 3t 22381, iz} 3]s e Feto) F
AEAZ AR dojung Bdds EREE A
Ha F 9 Tg-‘z—— #2434 Aok, [Markovirz, 1980]

a3 19+ x| & 5 £79] PSE BUdade
o DR} PSe} A E-go) ule} steady state complia-
ncevt Waks FFE B AHolth, 72t AE 9522 7R
= Jelnn Balze Je¥7t Lo, o]Re EAE Ajol7}
42 @A A A A 8A Y B
Z7MA 7R e DR 18RS FUMgeE vt
3ttt

2.11 E0(Solvent) 2} ST

AEAE fofol] oW EAS} &9 7] interac-
tionol] &)30A ¥} chain®) =277} AR7|% dkil(good
solvent) WHH 2 Zo}x]7|% FcH(poor solvent). 1L}
olw Lo M= SgA A} £ A8 iR FH
A =9, olelg &g 6-solventztr F-ErH Flory,
1953]. a1¥-z} R-Ho HrE Frv) JsA5EE FH3)
Z7F8AgE 11 Frhske o] fufol ubet thaoh(a
20 Fx).

Tt cd EA SdX Buje] AEE n, {A
zero shear viscosityE ny2tL & W, (ng—ny)/nCE re-
duced viscosity(n,oq =T 1)L 31, 48 ITER}
S5 & FAE F7HE JERd

32| 20(a)o)AE solvent power’} ZFFE(F
solventd+%) $Y% =M A=rt 2 AL B+ o
t}. o]A& good solvent WA= chain dimension®] T
AR JAFRoz F54 Ayt 27]) WEeldh, 18y
ole]t ploto| A 7] 71€715 F8}iL )& o83l J%

&l 20. The reduced viscosity of polystyrene(PS) in various sol-
vents . (a) The dependence on the concentration for solutions of
PS in (1) decalin, (2) toluene, (3) ethylbenzene/decalin(25 : 75),
(4) CCl, and (5) cyclohexane ; (b) Master curve for the reduced
viscosity versus the reduced concentration of polymer solutions in
various solvents. The symbols are the same as in (a). [Dreval et
at.,, 1973]
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22| 21. Glass transition temperatures of PS solutions with various
diluents of low molecular weight, plotted againse weight fraction of
diluent. The Ty for the undiluted polymer is somewhat lower than
that usually accepted.[Jenkel and Heusch, 1953].
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A& Ak OAL RAaEA du, oL ol F 2 F&
W 90| A= chain entanglemente] J3ko] 7+Adle Je%7}
FXol H]#3}aL, entanglementZ} e 23 LN A
Je%7} =0} A Fo wlulas}] o] ch Ferry, 1980 ;
Homes et al., 1966]. Ninomiya += 1&3z}9] Bxa}#ko]
2, 1831 solvent power’t 48 e rwo)A
maximum gkeo] yEebdtkn o) &3¢ Ninomiya and
Ferry, 1963 : Holems et al., 1966].
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@ 22. Plot of steady state compliance against concentration for
solutions of PS(M,,=267,000) in chlorinated diphenyl, in the lower
concentration range where Jeo passes through a maximum. Open
and black circles refer to solutions in solvents of different viscosi-
ties.{ Holmes, et al., 19661
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33 23. viscosity versus shear rate for several loadings of TiO; in
HDPE. The sharp increase in viscosity at low shear rates suggests
the presence of a yield stress. From bottom to top, volume % =0,
4, 13, 22, and 36.[Minagawa and White, 1976].
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3] 24. Viscosity and first normal stress difference versus shear
stress for polypropylene(T=200C) filled with CaCOy, with and wi-
thout isopropyl triisostearoyl titanate(TTS) coupling agent ! (O,
@) Pure PP: (A, &) PP/CaCO3;=50/50(by weight), (O], WD
PP/CaC0;=50/50 with TTS(1wt %). Open symbhols are the data
obtained by a cone-and-plate instruemtn, and the closed symbols
are the data obtained by a slit/capillary rheometer.[Han, 1981].
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8l 25, Dependence of the visxosity of differently shaped particles
in water on concentration at a shear rate of 300sec™.[Clarke,
19677 : M spheres, [] grains, @ plates, O rods
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32| 26. Relative viscosity versus volume fraction for a low mole-
cular weight polyisobytylene(exhibiting the Newtonian behavior, ngy
=20 poise, at room temperature) suspended with glass beads ha-
ving bimodal size distribution(small particle diameter, d,=80~
125um : large particle diameter, d;=210~250um) : ((O) monodis-
pered system, (A) ¢s=0.25, d/d;=0477 ; ([1) 6,=0.25, ds/d;=0.
313 (D 0,=0.25, ds/d;=0.138. ¢ denotes the volume fraction of
small particles in the suspension, and dy/d; is the particle size ratio.
[Chong, 1971]
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28 27. Viscosity versus shear rate for dioctyl phathalate suspen-
ded PVC bead(vol %) : ([0) 47, (O) 49, (A) 51, (M) 55, (@)
57.[Hoffman, 19721
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[Barnes, 1985].
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