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glass transition, phase transition (crystallization), and ... the glass temperature, Tg, is related to (d7/dr)r above ... by direct reversible measurements in the melt. 
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INTRODUCTION



1.



Definition
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The surface (interfacial) tension is the reversible work required to create a unit surface (interfacial) area at constant temperature (T), pressure (F), and composition (") (1), i.e., (Al) where y is the surface (interfacial) tension, G the Gibbs free energy of the system, and A the surface (interfacial) area.



The specific surface free energy/s is the free energy per unit surface area (1), i.e., (A2) where C7 is the surface concentration (the number of moles per unit area) of component j , and /i ; is the chemical potential of component j . Thus 7 = / s — (Ci/xi + C2A^), which means that the surface tension is the excess specific surface free energy. The excess means in excess of the bulk phase. This distinguishes the surface tension and the specific surface free energy (1).



where ]T ?r *s the parachor of the repeat unit and M1- its formula weight. Equation (A6) neglects the end group effect (1). The parachor is a group additive quantity, independent of temperature, and its values have been tabulated elsewhere (104,105). Macleod's relation provides a number of important relationships for analyzing the effects of molecular weight, glass transition, phase transition (crystallization), and chemical constitution on surface tension, as discussed below. 4. Molecular Weight Dependence The surface tension varies with the number-average molecular weight Mn (1) by



2. Temperature Dependence The surface tension of polymers, just as with smallmolecule liquids, varies with temperature (1) by (A3) where 70 is the surface tension at T=OK, and Tc is the critical temperature. The temperature coefficient of surface tension is thus given (1) by



(A7) where 7 ^ is the surface tension at infinite molecular weight and k\ is a constant. Equation (A7) follows directly from Macleod's relation (1). Alternatively, an empirical relation is given (1,81) as (A8)



(A4) Since Tc ~ 1000 K for most polymers (1), - d 7 / d r is therefore practically constant at ordinary temperatures, i.e., For polymer pairs that have an upper consolute curve and an UCST (upper critical solution temperature), the interfacial tension decreases with increasing temperature and vanishes at the upper consolute temperature. This is the case for most pairs of immiscible polymers. On the other hand, for polymers that have a lower consolute curve and an LCST (lower critical solution temperature), the interfacial tension vanishes at the lower consolute point and increases with increasing temperature in the immiscible region. A few polymer pairs appear to behave this way (24). 3. Macleod's Relation



where k2 is a constant. Equations (A7) and (A8) fit the experimental data equally well. Usually, the surface tension increases with increasing molecular weight. When the molecular weight is greater than about 2000-3000, the surface tension reaches within about 1 mN/ra (dyne/cm) of the value at infinite molecular weight. Therefore, the effect of molecular weight may usually be neglected for polymers, except for oligomers. Several exceptions have however been observed and explained in terms of end-group effects (1,4,103). Relationships similar to Eqs. (A7) and (A8) may be written for the interfacial tension (1,81), i.e., (A9) and



The surface tension varies with density p according to Macleod's relation (1)



(AlO)



(A5)



where ^0,^3,^4,/CQ,/:^,and k'A are constants, as discussed elsewhere (1).



where 7 0 and /3 are constants, independent of temperature. P is known as the Macleod's exponent, and usually has a value of 3.0-4.5 for polymers (1). Thus the surface tension is "solely" determined by the density for a given chemical composition. 7 0 is, to a close approximation, dependent only on the chemical constitution, and is related to Sugden's parachor (l)by (A6)



5. Effects of Glass and Crystal-Melt Transitions Macleod's relation also provides relationships for the effects of glass and crystal-melt transitions. At the glass transition, the surface tension is continuous, but its temperature coefficient is discontinuous. (d7/dr) below the glass temperature, Tg, is related to (d7/dr) r above Tg (D by (AU)



where ag is the isobaric volumetric thermal expansion coefficient in the glassy region and ar is that in the rubbery region. Since ag is usually smaller than a r , the surface tension varies less with temperature in the glassy region than in the rubbery region. Since -dj/dT is usually small, this effect is often neglected when the temperature range of interest is small. On the other hand, both the surface tension and its temperature coefficient are discontinuous at the crystal-melt transition. The surface tension of crystalline surface, 7 C , is related to that of amorphous surface j & (1) by (A12) where pc is the crystalline density, and p a the amorphous density. Since /3 — 3.0-4.5, and usually p c > p a , the crystalline surface can have a much higher surface tension than the amorphous surface. For example, polyethylene has /3 = 3.2, p a ^0.85SgZcC, p c = 1.0g/cc, and 7a = 35.7mN/m at 20 0 C. Thus its crystalline surface tension is given by



Note that the value given above refers to a truly crystalline surface. Most "melt-crystallized" semicrystalline polymers, however, have amorphous surface. Only when they are nucleated in the melt against certain nucleating surfaces, or their single crystals are grown from solutions, are crystalline surfaces obtained. 6.



Effect of Surface Chemical Constitution



The Macleod-Sugden equation shows that the surface tension depends on surface chemical constitution and density. Since the density is roughly a function of chemical constitution (105), it is expected that a given surface constitution will have a certain "characteristic" surface tension. Some of these values are listed in Table 1. These values should, however, be used only qualitatively. 7.



Dispersion (Nonpolar) and Polar Components



The surface tension can be separated into dispersion (nonpolar) and polar components (1) i.e., (A13) where 7 d is the dispersion component (arising from dispersion-force interactions) and 7 P the polar component (arising from various dipolar and specific interactions). The polarity JCP is defined as (A14) which is independent of temperature (1), i.e., (A15)



The interfacial tension is related to the surface tension and the polarity of the two contiguous phases by the harmonic-mean equation (1), (A16) or the geometric-mean equation (1,54,108,109), (A17) where the subscripts 1 and 2 refer to the two individual phases. The harmonic-mean equation has been shown to predict the interfacial tension between polymers adequately, whereas the geometric-mean equation is often less satisfactory (1,4). The 7 d and 7 P components can be determined either from the interfacial tension or the contact angles by using Eq. (A 16), the harmonic-mean equation, or less satisfactorily by Eq. (A17), the geometric-mean equation, as discussed elsewhere (1). The polarity may also be defined in terms of the cohesive energy density (1), i.e., (A18) where AE is the cohesive energy density, A E p its polar component, 6 the solubility parameter, and -



Poly(imino(l-oxotetramethylene)) (nylon 4) 48.5 (c) Poly(imino-1,4-phenyleneiminoterephthaloyl), poly( 1,4-phenylene terephthalamide) fiber (unsized) 48.5 (c) cast sheet (H-bonding parallel to surface) 33.7 (c) cast sheet (H-bonding vertical to surface) 31.3 (c) Poly(iminoadipoyliminohexamethylene) (nylon 66) 46.5 38.1 34.8 0.065 M n = 17000, M w = 35000 29,6 (280°C) 26.7 (325°C) Poly(iminoazelaoyliminononamethylene) (nylon 99) 36(c) Poly(iminopimeloyliminoheptamethylene) (nylon 77) 43 (c) Poly(iminosebacoyliminodecamethylene) (nylon 1010) 32 (c) Poly(iminosebacoyliminohexarnethylene) (nylon 610) 37.0 (2650C)Poly(iminosuberoyliminooctamethylene) (nylon 88) 34 (c) 2.19.



Polarity (JCP)



Macleod's exponent (/?)



Refs.



0.154 0.188 0.427



-



73 35 72 52,73



0.216 0.206 0.202 0.344



-



74 75 75 1,14,20,



-



-



71 71 71 72 71



0.358



-



35,76



POLY(IMIDES)



Poly(iminocarbonyl-(4,6-dicarboxy-1,3-phenylene)carbonylimino-1,4-phenyleneoxy-1,4-phenylene), KAPTON H film 41.0 (c)



-



-



Poly[(l,3,5,7-tetraoxo-2,3,6,7-tetrahydro-lH,5H-benzo[l,2-c:4,5-c] dipyrrol-2,6-diyl-l,4-phenyleneoxy-1,4-phenylene), cured KAPTON H film 37.7(c)



2.20.



-



0.223



-



35,76



-



-



-



77 77 78 78



-



-



-



-



77 77 77 77 77



39 (c)



-



-



0.179



-



79



38.6 (c)



-



0.194



-



73



~



-



0.344



-



73



25.7



16.2



12.5



0.073



-



-



80



20.39 21.17 21.01



14.15 13.47



11.75



0.048



0.042



3.5



10.57



0.058



-



-



2.9 26 83



POLY(IMINES)



Poly((benzoylimino)ethylene) Poly((butyrylimino)ethylene) Poly((dodecanoylimino)ethylene) Poly((dodecanoylimino)ethylene-staKacetylimino) trimethylene) Poly((heptanoylimino)ethylene) Poly((hexanoylimino)ethylene) Poly(((3-methyl)butyrylimino)ethylene) Poly((pentadecafluorooctadecanoylimino)ethylene) Poly((pentanoylimino)ethylene) 2.21.



-



26 25 22 22



(c) (c) (c) (c)



22 (c) 23 (c) 24 (c) 11 (c) 23 (c)



-



POLY(URETHANES)



Poly(methylenediphenyldiisocyanate-a/r-(butanediol poly(oxytetramethylene)diol) (ESTANE 5714) Poly(hexamethylene diisocyanate-a/f-triethylene glycol) Poly(4-methyl-l,3-phenylene diisocyanate-a/ftripropylene glycol)



36.3 (c)



2.22. POLY(SILOXANES) (see also ORGANOSILANES) Poly(oxydiethylsilylene) 158 cS Poly(oxydimethylsilylene) M = 75000
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TABLE 2.



cont'd Surface tension y (mN/m = dyn/cm)



Polymer M = 3900



6000OcS



200C



1500C



20.17 20.59 20.47 19.8



13.93 12.93 13.5



M = 1274 19.9 M = 607 18.8 M = 310 17.6 M= 162 15.7 Poly(oxydimethylsilylene), a,co-difunctional [R-(Si(CH 3 ) 2 -O-) ,,-Si(CH 3 ) 2-R] R = (CHa) 3 NH 2 M n = 2086 20.88 14.12 M n =7916 19.86 12.97 Poly(oxydimethylsilylene), a,co-difunctional R-(Si(CH 3 ) 2 -O-) ;j -Si(CH 3 ) 2 -R R = (CH 2 ) 5 NH 2 ; M n = 1132 21.00 14.37 R = (CH 2 ) 3 COOH;M n = 2194 20.54 13.52 Poly(oxydimethylsilylene) block copolymers, see Poly(ester) Copolymers Poly(oxymethylphenylsilylene) 102 cS 26.1 11.8



2000C



-dy/dT (mN/ra/K)



Polarity (JCP) *



Madeod's exponent (0)



11.53



0.048



0.042



3.5



10.03 11.1



0.058 0.048



0.042



3.5



-



-



-



3.5 3.7 3.7 4.0



11.52 10.32



0.052 0.053



-



-



11.82 10.82



0.051 0.054



-



6.3



0.11



-



-



Refs. 2,9 26 83 2,11,14, 80,82 80-82 80-82 80-82 80-82



70 70



70 70 -



80



2.23. ORGANOSILANES - HYDROLYZED AND CONDENSED FILMS (see also POLYSILOXANES and EPOXY RESINS) 2.23.1. ALKYL AND ALKYLENE SILANES Ethyltriethoxysilane, CH 3CH 2 Si(OC 2 H 5 ) 3 on silica (no catalyst) on silica (acetic acid catalyst) on silica (propionic acid catalyst) on silica (piperidine catalyst) y-Methacryloxypropyltrimethoxysilane, CH2 = C(CH 3 )-C( = O)O(CH2)3Si(OCH3)3 on soda-lime glass Methyltrimethoxysilane, CH 3 Si(OCH 3) 3 on soda-lime glass Phenyltrimethoxysilane, C 6 H 5 Si(OCH 3) 3 on soda-lime glass Vinyltriethoxysilane, CH 2 = CHSi(OC 2 H 5 )3 on silica Vinytrimethoxysilane, CH 2 = CHSi(OCH3)3 on soda-lime glass



(c) (c) (c) (c)



-



44.8 (c)



-



2.23.2. AMINO SILANES N-|3-(aminoethyl)-Y-aminopropyltrimethoxysilane, NH 2 (CH 2 ) 2 NH(CH 2 ) 3 Si(OCH 3 ) 3 on soda-lime glass y-Aminopropyltriethoxysilane, NH 2 CH 2 CH 2 CH 2 Si(OC 2 Hs) 3 on soda-lime glass



33.7 (c) 35.7 (c)



2.23.3. EPOXY SILANE Glycidoxypropyltrimethoxysilane, H2C~/CHCH2O(CH2)3Si(OCH3) 3 O on soda-lime glass (no catalyst) on soda-lime glass (acetic acid catalyst, pH = 4)



49.4 (c) 66.9 (c)



2.23.4. HALOGENATED ALKYL SILANES /7-Bromophenyltrimethoxysilane, BrCeH 5 Si(OCHs) 3 on soda-lime glass /7-Chlorophenylethyltrimethoxysilane, ClC 6 H 4 CH 2 CH 2 Si(OCH 3 )S on pyrex glass



36.7 34.5 27.8 33.4



28.0 (c)



-



-



-



-



-



-



-



1,35



-



-



-



1,35



-



-



1,35



-



-



1,35



-



-



1,35



43.0 (c)



-



-



33.4 (c)



-



-



28.6 (c)



-



-



-



-



1,35 1,35 1,35 1,35



-



-



-



-



1,35



-



-



-



-



-



1,35



-



-



-



-



1,35 1,35



49.3 (c)



-



-



-



1,35



51.0 (c)



-



-



-



1,35



-



TABLE 2. cont'd



Polymer on silica on stainless steel on a-alumina 7-Chloropropyltrimethoxysilane, Cl(CH 2 ) 3 Si(OCH 3 ) 3 on soda-lime glass on pyrex glass on stainless steel 3-( 1,1 -Dihydroperfluorooctoxy)propyltriethoxysilane, CF 3 (CF 2 ) 6 CH 2 O(CH 2 ) 3 Si(OC 2 H 5 ) 3 on gold on pyrex glass on stainless steel y-Perfluoroisopropoxypropyltrimethoxysilane, (CF 3 ) 2 CFO(CH 2 ) 3 Si(OCH 3 ) 3 on pyrex glass on silica on stainless steel



Surface tension y (inN/m = dyn/cm) — 200C 1500C 2000C 49.9 (c) 53.3 (c) 49.9 (c) 40.7 (c) 48.8 (c) 49.9 (c)



-



-



1,35 1,35 1,35



-



-



-



-



1,35 1,35



-



-



-



1,35 1,35 1,35



-



-



-



-



1,35 1,35 1,35



-



-



-



-



1,35



0.344



-



84 84 51,52



-



-



37 (c) 35 (c) 45.4 (c)



-



-



42 (c) 36-42 (c) 45.9 (c) 34 (c) 32 (c)



-



33 (c) 37 (c) 33-37 (c) 35 (c) 38 (c) 39 (c)



-



43 (c) 45.2 (c) 39.2 (c) 50.1 (c)



-



-



44.0 (c) 48.0 (c) 44.4 (c) 35.5 (c) 37.8(c) 45.4 (c) 42.1 (c) 45(c)



-



~ -



-



-



-



-



0.296 -



-



86 86 51,52,87,88 1 1



-



-



-



-



86 86 86 86 1 89



0.203 0.224 0.443



-



90 52,91 52,92 52,92



0.375 0.192 0.435 0.191 0.119 0.440 0.359 -



-



52,92 41 52,92 52,92 41 52,92 52,92 9°



-



POLY(PEPTIDES)



Casein Poly(L-alanine) Poly(y-benyzl L-glutamate) Poly(glycine), (nylon2) Poly(y-methyl L-glutamate) a-helix random tangle a-sheet a-helix on water (3-extended chain P-sheet (3-random chain Mixed a and P sheet Wool 2.26.



Refs.



CELLULOSICS



Amylose Amylopectin Cellophane Cellulose regenerated from cotton regenerated from wood pulp Cellulose acetate Cellulose acetate butyrate Ethyl cellulose Hemicellulose arabinogalactan galactoglucomannan hardwood xylan softwood xylan Nitrocellulose Starch 2.25.



Macleod's exponent (/?)



-



2.23.5. MERCAPTO SILANE y-Mercaptopropyltrimethoxysilane, HS(CH 2 ) 3 Si(OCH 3 ) 3 on soda-lime glass 41.9 (c) 2.24.



Polarity (*p)



-



21.5 (c) 18.8 (c) 18.8 (c)



24.2 (c) 22.8 (c) 18.8 (c)



-dy/dT (mN/m/K)



-



MISCELLANEOUS



2.26.1. HYDROCARBONS Eicosane, C20H44 A/-282 Hexatriacontane, C 3$ H 74 M = 507 *



28.9



25.6 (6O0C)



-



0.0833



0



-



1,9,62,102



31.4 24 (C)



26.1 (1000C)



-



0.066



0 -



-



1,9,94,102 94
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TABLE 2. cont'd Surface tension y (mN/m = dyn/cm) Polymer



20 0 C



Paraffin wax (mp 65°C)



34.7 31.0 (c) 25.5 (C)



32.0(65 0 C) -



2.26.2. ALKANE-DIOLS 1,4-Butanediol, M = 90 1,10-Decanediol, M = 174 1,6-Hexanediol, M = 118 1,5-Pentanediol, M = 104 1,3-Propanediol, M = 76



44.2 39.3 42.2 41.6 45.9



37.6 34.2 36.5 36.7 38.9



2.26.3. ADHESIVES Natural rubber-f ester rosin pressure sensitive adhesive Poly(isobutene)-based pressure sensitive adhesive Phenol-resorcinol adhesive Resorcinol adhesive Urea-formaldehyde adhesive



36 30 52 51 61



(c) (c) (c) (c) (c)



15O0C



200 0 C



-dy/c (mN/m



26.9 (150 °d).O6



Polarity (x p ) 0



-



-



-



(90 0 C) (90°C) (90 0 C) (90 0 C) (9O0C)



-



0.094 0.073 0.081 0.070 0.100



0.330 0.137 0.238 0.281 0.375



3.6 2.9 3.3 2.8 3.6



-



-



-



_ -



_



._ -



2.26.4. SULFUR "Monomeric" sulfur, below the floor temperature of 160 0 C 7 = 72.95-0.10197; for T= 120-160 0 C "Polymeric" sulfur, above the floor temperature of 160 0 C 7 = 65.31-0.05537, for T= 160-440 0 C Solid sulfur 128 (c) 2.26.5. PLASTICIZERS Di(n-butyl)-0-phthalate M = 278 Di(rc-dodecyl)-0-phthalate M = 502 Di(ethyl)-o-phthalate M = 222 Di(«-heptyl)-0-phthalate ^ = 362 Di(methyl)-o-phthalate M = 194 Di(n-nonyl)-o-phthalate M = 418 Di(n-propyl)-o-phthalate M = 250 Tricresyl phosphate



Macleod's exponent (0)



Refs. 1,94,95 1 108 58 58 58 58 58 45,101 101 93 90 90



97



_



97 96



33.1



23.1



19.2



0.077



0.051



3.4



100



30.8



22.6



19.5



0.063



0.029



2.9



100



36.6



24.6



20.0



0.092



0.115



3.8



100



30.0



20.6



17.0



0.072



0.047



3.5



100



39.5



26.9



22.0



0.097



0.190



3.7



100



28.9



19.9



16.5



0.069



0.028



3.4



100



34.4 40.9



23.3 -



19.1 -



0.085



0.067 0.027



3.3 -



100 1



-



-



0.240



-



1,99



-



-



0.147



-



1,99



2.26.6 ORGANIC PIGMENTS



Phthalocyanine (metal-free) (pure untreated surface)



52.8 (c)



Copper phthalocyanine (pure untreated surface) 46.9 (c)



-



TABLE 2. cont'd Surface tension y (mN/m = dyn/cm) Polymer



20 0 C



150 0 C



Chlorinated copper phthalocyanine (pure untreated surface) Idanthrone (pure untreated surface)



42.0 (c)



-



-



63.2(c)



-



-



47.2(c)



-



-



51.9 (c)



-



-



-dy/dr (mN/m/K)



200 0 C



Polarity (JCP)



Macleod's exponent (j?)



Refs.



0.148



-



1,99



0.475



-



1,99



0.318



-



1,99



0.464



-



1,99



-



0.273



-



1,99



-



Isoindolinone (pure untreated surface)



Manganese (3-oxynaphthoic acid derivative (pure untreated surface)



-



y-Quinacridone (pure untreated surface)



49.1 (c)



Thioindigoid red (pure untreated surface)



51.4 (c)



-



-



0.317



-



1,99



53.0(C)



-



-



0.251



-



1,99



200 0 C



- dy 1 2 /dr (mN/m/k)



Refs.



1.91



0.00322



103



Toluidine red (pure untreated surface)



TABLE 3. INTERFACIAL TENSION FOR AMORPHOUS INTERFACES Interfacial tension Y12 (mN/m = dyn/cm) Polymer 3.1.



20 0 C



150 0 C



HYDROCARBON POLYMERS vs. OTHERS



3.1.1. POLY(BUTADIENE) VS. OTHERS Poly(butadiene) vs. poly(oxydimethylsilylene) PBD Mn = 960, PDMS M n = 3900



2.48



2.07
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TABLE 3.



cont'd Interfacial tension y12 (mN/m = dyn/cm) — 200C 1500C 2000C



Polymer Poly(butadiene) vs. poly(oxydimethylsilylene) PBD Mn = 2350, PDMS Mn = 3900 Poly(butadiene) vs. poly(oxydimethylsilylene) PBD Mn = 2350 PDMS Mn = 5200 Poly(butadiene) vs. poly(oxydiethylsilylene) PBD Mn = 960, PDMS Mn = 5200 Poly(butadiene) vs. epoxy resin (diglycidyl ether of bisphenol-A, chain extended with bisphenol-A)



- dy12/dT (mN/m/k)



Refs.



3.86



2.70



2.25



0.00895



103



3.98



2.85



2.42



0.00865



103



2.58



2.25



2.13



0.00250



103



1.77 (23 0C)



1.40 (55°C)



-



0.0105



70



1.23



0.57 (55°C)



-



0.0198



70



-



0.58 (55°C)



-



8.3



1.1 5.7



Poly(ethylene) (branched) vs. poly(styrene) 5.6 Poly(ethylene) (branched) vs. poly(chloroprene) 4.6 Poly(ethylene) (linear) vs. poly(methyl acrylate) 10.6 Poly(ethylene) (branched) vs. poly(methyl acrylate) Poly(ethylene) (linear) vs. poly(ethyl acrylate) 7.5 Poly(ethylene) (branched) vs. poly (ethyl acrylate) Poly(ethylene) (linear) vs. poly(n-butyl acrylate) 5.0 Poly(ethylene) (branched) vs. poly(n-butyl acrylate) 5.5 Poly(ethylene) (linear) vs. poly(2-ethylhexyl acrylate) 3.1 Poly(ethylene) (branched) vs. poly(2-ethylhexyl acrylate) 3.5 Poly(ethylene) (linear) vs. poly(methyl methacrylate) 11.8 Poly(ethylene) (linear) vs. poly(«-butyl methacrylate) 7.1 Poly(ethylene) (branched) vs. poly(iso-butyl methacrylate) 5.5 Poly(ethylene) (branched) vs. poly(terf-butyl methacrylate) 5.9 Poly(ethylene) (linear) vs. poly(poly(vinyl acetate) 14.6 Poly(ethylene) (branched) vs. poly(vinyl acetate) Poly(ethylene) (branched) vs. poly(ethylene-.smr-vinyl acetate), 2.0 25 wt.% VAc Poly(ethylene) vs. poly(ethylene-star-vinyl acetate), 12 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 17.7 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 25 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 26.6 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 30.9 wt.% VAc Poly (ethylene) vs. poly(ethylene-.star- vinyl acetate), 38.7 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 50 wt.% VAc Poly(ethylene) vs. poly(ethylene-staf-vinyl acetate), 75 wt.% VAc Poly(ethylene) (linear) vs. poly(oxyethyleneoxyterephthaloyl) 9.4 Poly(ethylene) (branched) vs. poly(oxyethyleneoxyterephthaloyl) 13.7 Poly(ethylene) (branched) vs. poly(oxytrimethyleneoxy15.4 isophthaloyl) Poly (ethylene) (branched) vs. poly(oxytetramethyleneoxy13.5 isophthaloyl) Poly(ethylene) (branched vs. poly(oxyhexamethyleneoxy11.1 isophthaloyl) Poly(ethylene) (branched) vs. poly(oxyisophthaloyloxydeca8.3 methylene) Poly(ethylene) (branched) vs. poly(oxyisophthaloyloxydodeca5.9 methylene) Poly(ethylene) (linear) vs. poly(iminohexamethylene14.9 iminoadipoyl) (nylon 66) Poly(ethylene) (branched) vs. poly(iminohexamethyleneiminoadipoyl) (nylon 66) Poly(ethylene) vs. poly(imino(l-oxohexamethylene)) (nylon 6) Poly(ethylene) (branched) vs. poly(oxyethylene) 11.6



5.0 3.6 8.2 6.5 5.4 5.5 3.3 3.8 1.8 2.5 9.5 5.1 4.2 4.7 11.0 10.5 1.3



4.7 4.4 4.8 3.2 7.3 _ 4.6 2.7 3.2 1.3 2.1 8.6 4.4 3.7 4.3 9.7 1.1



3.1.2. POLY(BUTADIENE-5to/-ACRYLONITRILE) vs. OTHERS Poly(butadiene-staf-acrylonitrile) 18 wt.% AN vs. epoxy resin (same as above) Poly(butadiene-staf-acrylonitrile) 26 wt.% AN vs. epoxy resin (same as above) 3.1.3. POLY(ETHYLENE) VS. OTHERS Poly(ethylene) (branched) vs. poly(propylene) (atactic) Poly(ethylene) (linear) vs. poly(styrene)



0.3 0.8 1.5 1.7 2.2 2.9 4.1 7.3 6.5 (28O0C) 9.8 (2800C) 11.5



70



0.020 0.0046 0.0075 0.018 _ 0.016 0.014 0.013 0.010 0.0078 0.018 0.015 0.010 0.009 0.027 0.005



17 8 106 46 2 1,35 46 1,35 46 1,35 46,107 1,35 46,107 8 8 2 2 7,12 18 12,18



-



-



-



-



6.0 (325°C) 9.2 (325°C) 10.0



-0.030



23 23 23 23 23 23 35 35 35 14 98



10.1



8.8



0.026



98



8.4



7.3



0.021



98



6.4



5.6



0.015



98



4.5



3.9



0.011



98



10.2 (280°C)



9.4 (3250C)



-



35



17.0 (280°C)



15.2 (325°C)



0.041



14



0.016



106 12



9.5



0



10.7 (250 C) 8.7



TABLE 3. cont'd Interfacial tension Yi2 (mN/m = dyn/cm) 200C



Polymer Poly(ethylene) (branched) vs. poly(oxytetramethylene) Poly(ethylene) (branched) vs. poly(oxydimethylsilylene)



200°C



- dy12/dT (mN/m/k)



4.1 5.1



3.8 5.0



0.007 0.002



2,12 212,82



6.2 (2800C)



5.7 (325°C)



0.0093



20,35



0.0193



20,35



1500C



5.1 5.3



Refs.



3.1.4. POLY(ETHYLENE-staf-PROPYLENE-staf-HEXADIENE), (EPDM) vs. OTHERS EPDM (E/P/HD 69.5/26.5/4.0 weight ratio) vs. poly8.6 (oxyethyieneoxyterephthaloyl), poly(ethylene terephthalate) EPDM (E/P/HD 69.5/6.5/4.0 weight ratio) vs. poly(imino14.7 hexamethyleneiminoadipoyl) (nylon 66) Poly(ethylene-Jtaf-vinyl acetate) vs. poly(ethylene), see reverse Poly(ethylene-sta/-vinyl acetate) vs. poly(vinyl acetate), see reverse Poly(ethylene-sta/-vinyl acetate) vs. poly(ethylene stat-vinyl acetate) E/VAc (25 wt.% VAc) vs. E/VAc (12 wt.% VAc) E/VAc (25 wt.% VAc) vs. E/VAc (17.7 wt.% VAc) E/VAc (25 wt.% VAc) vs. E/VAc (38.7 wt.% VAc) E/VAc (25 wt.% VAc) vs. E/VAc (50 wt.% VAc) E/VAc (25 wt.% VAc) vs. E/VAc (75 wt.% VAc) -



9.7 (2800C)



8.8 (325°C)



0.45 0.13 0.17 1.0 3.6



-



3.1.5. POLY(ISOBUTENE) VS. OTHERS Poly(isobutene) vs. poly(vinyl acetate) Poly(isobutene) vs. poly(oxydimethylsilylene)



9.9 4.9



7.3 4.1



6.3 3.8



0.020 0.006



7 82



3.1.6. POLY(PROPYLENE) VS. OTHERS Poly(propylene) vs. poly(ethylene), see reverse Poly(propylene) vs. poly(styrene) Poly(propylene) vs. poly(oxydirnethylsilylene)



3.2



2.9



2.8



0.002



17



3.1.7. HALOGENATED HYDROCARBON POLYMERS vs. OTHERS Poly(chloroprene) vs. poly(ethylene), see reverse Poly(chloroprene) vs. poly(fl~butyl methacrylate) 2.2 Poly(chloroprene) vs. poly(styrene), see reverse Poly(chloroprene) vs. poly(oxydimethylsilylene) 7.1



1.5



1.3



0.0047



2



6.4



6.2



0.0050



2



0.7 4.2 3.2



0.5 3.2 1.4 1.4 2.5 3.7 1.5



0.4 -



0.0014 -



6.1 1.8 0.3 2.3 3.3



6.1 2.8 2.1 2.0 2.6



2 46 46 46 46 2.24 8 106 82 24 24 24 24



-



23 23 23 35 35



3.2. STYRENE POLYMERS vs. OTHERS Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene)



vs. poly(ethylene), see reverse vs. poly(chloroprene) vs. poly(rnethyl aery late) vs. poly(ethyl acrylate) vs. poly(rc-butyl acrylate) vs. poly(2-ethylhexyl acrylate) vs. poly(vinyl acetate) vs. poly(methyl methacryiate)



Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene) Poly(styrene)



vs. poly(oxydimethylsilylene) vs. poly(ethylene-$ta/-vinyl acetate), vs. poly(ethylene-s/ 
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