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P o l y a m i d e s :



P o l y [ i m i n o ( 1 - o x o h e x a m e t h y l e n e ) ] , ( P o l y a m i d e



6 )



P o l y ( i m i n o a d i p o y l - i m i n o h e x a m e t h y l e n e ) , ( P o l y a m i d e



6 6 )



P o l y ( i m i n o h e x a m e t h y l e n e - i m i n o s e b a c o y l ) , ( P o l y a m i d e



6 1 0 )



P o l y [ i m i n o ( 1 - o x o d o d e c a m e t h y l e n e ) ] , ( P o l y a m i d e



1 2 ) *



Rakesh H . M e h t a E.I. DuPont de Nemours & Co., DuPont Nylon, Chattanooga, Tennessee, USA



Property



Polyamide 6



Abrasion



See Wear Resistance



Absorption (%) Water, moldings 20-900C, saturation Ethanol, moldings 2O0C, saturation Butanol, moldings 200C, saturation Glycol, moldings 200C, saturation Methanol, moldings 200C, saturation Propanol, moldings 200C, saturation



9.5 ± 0.5 9-17 5-9 6-13 12-16 9-13



Adhesive Bond Strength, tensile (MPa) = (N/mm2) PA-aluminium PA-steel PA-copper Birefringence, n Ii nL



Polyamide 66



Polyamide 12



Ref. 13



8.5 ± 0.5 9-12 4-8 2-10 9-14 9-12



3.3 ± 0.3 8-13 8-12 2-4 16 10



1.6 ± 0.2 9 8,5



68 70 76



39 39 39



1.582 1.519



51 51 55



(An) 1.580 1.530



Polyamide 610



* This table includes data compiled by R. Pfliiger for the third edition of Polymer Handbook.



BHttleness Temperature, ASTM D746 (0C) PA-6 DAM



57-59



PA-66



50% RH



PA-610



DAM



50% RH



-80 -100



- 6 5 [Mn = 18000] - 8 5 [Mn =34000]



Bulk Modulus B (N/mm2) (Crystalline rods, dry)



a b c d



DAM



50% RH



-90 -



DAM



50% RH



-62 -



4400



Chemical Resistance of Nylons at 23° C Acetic acid (10%) Acetaldehyde (40%) Acetone (100%) Butanol (100%) Carbon tetrachloride (100%) Diesel oil (100%) Ethanol (96%) Formic acid (3%) (10%) Gasoline unleaded (100%) Heptane (100%) Hydrogen peroxide (2%) Dichloromethane (100%) Perchloroethylene (100%) Phenol (75%) Potassium hydroxide (10%) Sulfuric acid (10%) Toluene (100%) Transformer oil (100%)



PA-12



3300



2300



4000



57,59 3a 2 1 1 1 1 1 3 4d 1 1 4 2 1 3 1 4 1 1



3 2



1 1 1 1 1



-



3



-



4 1



1



-



4 2



1



-



3



1



-



4



1



-



1



2b V 1 1 2 1 1 1 1 1 2 3 2 3 1 2 1 1



Considerable absorption and/or attack; limited product life. Limited resistance, absorption causing dimensional changes and slight reduction in properties. Resistant, little or no absorption. Material is soluble or decomposes in short time.



Coefficient of Friction (dry) (a) Average depth of roughness R z in (urn) * 0.1 0.5 1.0 2.0 4.0 6.0



0.35 0.33 0.32 0.32 0.36 0.43



(b) Average surface pressure in (MPa) = (N/mm2) Rz Optimal Rz 1.5-3 um 0.02 0.40 0.05 0.36 0.1 0.35 0.15 0.38 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1.0 0.43 1.2 5.0 0.48 15.0 0.48 R z 300(17)



200 x 10 ~6



(b) Dependence on water content < 1.5% >-2% melt



137 x 10" 6 (48) 226 x l O - 6 (48) 280 x 10 " 6



200 x 10~6



335 x 10 " 6



320xl0"6



650 x 10 ~6



Compressive Strength (MPa) = (N/mm2) Compressive Stress, 1% Deformation, ASTM D695 (MPa) 20 Temperature 200C strain: 1% (molded; 2.5% H2O) strain: 2% strain: 4% strain: 6%



57-59 34 14 28 56 70



21



2830



2070



91



73



13



Compressive Modulus, ASTM D695 (MPa)



58 2410



Compressive Yield Stress, 1% Offset, ASTM D695 (MPa) 83



58



Crystallographic Data See also Unit Cell Dimension Effect of Crystallinity on Solvent Absorption (% Weight Gain)



59



PA-6 Agent



b



Water 11 Methanol 19 Ethanol 17 Benzene 1 Toluene 1 Acetone 4 Benzoyl alcohol 55 Dichloromethane 20 Chloroform 34 b: low crystalline material, c: high crystalline material.



PA-66 c



b



9 3 3 0



10 14 12 1 1 2 38 16 27



0 3 11 8 19



PA-610 c 7.5 9 3 0 1 1 3 10 5



b 4 16 13 1 3 5 40 24 40



PA-12 c



b



3 9 8 1



1



1 11 13 21



c



— -



— -
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Property



Polyamide 6



Polyamide 66



1.23 3.3



1.24 20



1.16



56.5



64.5



53.6



Crystallization Crystalline Density, X-ray (g/cm3) Max. linear growth rate of crystals



Polyamide 610



Polyamide 12



Ref.



-



65 51



V max (Hm/S)



Activation energy £a(kJ/mol) Density (Mg/m3) = (g/cm3) Crystalline a, monoclinic y, hexagonal Y, monoclinic y, pseudohexagonal a, triclinic a, triclinic P, triclinic Melt 2700C, 1 bar Moldings, amorphous crystalline



51



1.24 (53) 1.13 1.17 1.155 (42)



1.034 (9) 1.220 (47) 1.24 1.248 0.989 1.09 1.13-1.145



0.960 1.09 1.12-1.14



Correlation with crystallinity (moldings)



a = 950



0.913 1.05 1.09



830 densit



Deformation Under Load, ASTM D621 (%) 14MPa 28MPa



1.156 (8)



990 densit



?



0.840 1.01 1.04(15)



36 36



— ?



36



densit



y



58,59 1.6 1.8



1.4 1.5



Dielectric Constant e, Dielectric Loss, tan 8 ( x 10 4 ) f l FrCqUCnCy(S 1 ) PA



( 0 C)



102 er



tan 8



103 er



105



tan 8



&r



tan 8



er



tan 8



100 120 100 600 1650 1400



3.0 3.2 3.4 4.2 8.8 5.6



100 140 140 520 1500 1450



3.0 3.2 3.4 3.8 7.1 4.5



160 170 190 540 1900 1300



106 er



tan 8



107



108



109



sr



tan 8



&r



tan 8



er



tan 8



3.0 200 3.1 220 3.3 240 3.6 550 5.7 2100 3.8 920



3.0 3.1 3.2 3.4 4.4 3.5



180 230 300 550 1900 550



3.0 3.1 3.2 3.3 3.7 3.3



120 160 300 480 1250 320



3.0 3.0 3.1 3.2 3.4 3.2



55 100 200 260 550 190



6



-30 0 30 60 90 23°/50% R H *



66



-30 3.1 120 0 3.3 110 30 3.6 85 60 5.0 810 90 10 2000 23°/50%RH b 7.5 1100



3.1 3.3 3.5 4.6 8.9 5.9



105 120 125 590 1450 1020



3.1 3.2 3.4 4.3 7.6 4.8



105 135 180 460 1300 1000



3.0 3.2 3.4 4.0 6.2 4.1



130 160 215 390 1450 900



3.0 165 3.1 200 3.2 250 3.7 370 5.0 1600 3.7 700



3.0 160 3.0 200 3.1 255 3.5 360 4.0 1300 3.4 450



3.0 3.0 3.1 3.3 3.4 3.3



100 3.0 160 3.0 220 3.0 320 3.1 810 3.2 280 3.2



49 81 135 240 440 170



610 - 3 0 3.0 120 0 3.0 130 + 30 3.2 100 + 60 4.6 900 + 90 13 2500 2 0 7 6 5 % R H * 6.5 2000



3.0 3.0 3.2 4.2 10.5 5.4



110 130 150 650 1700 1500



3.0 3.0 3.1 3.9 8.5 4.5



100 130 170 570 1700 1300



3.0 3.0 3.0 3.5 6.5 4.0



110 140 200 540 1900 1000



3.0 150 3.0 170 3.0 210 3.4 540 5.2 1900 3.5 800



3.0 130 3.0 190 3.0 210 3.3 500 4.0 1500 3.2 550



3.0 3.0 3.0 3.1 3.5 3.1



80 3.0 160 3.0 170 3.0 360 3.0 800 3.1 350 3.0



55 100 130 250 350 200



12



3.0 3.1 3.5 8.5 15



160 200 500 2000 2000



2.9 3.0 3.3 6 13



100 190 450 2300 1600



2.9 3.0 3.1 4.5 10



a b



-30 0 30 60 90



3.1 140 3.1 3.2 120 3.2 3.5 65 3.5 5.2 840 4.6 15.9 2900 11.5 10.9 1450 7.3



104



30 170 3.1 200 4.0 700 11.5 2300 > 2 0 >5000



50 130 350 1300 2600



Ref. 5. Saturated



Dielectric Strength (V/cm) ( x 10 ~ 4 ) (VDE 0303, part 2; IEC-243, electrode K20/P50) Dry Dry 100°C Moist ISO-1110



100 40 60



120 40 80



100 60



90 25



Property



Polyamide 6



Polyamide 66



Diffusion See also table "Permeability Constants" in this Handbook Coefficient D H 2 O,20 0 C 0.4 (cm2/s) x 108 600C 5.5 1000C 55 Activation energy H 2 O 46 ED(kJ/mol) Elongation (ISO R527) ultimate (%) Molded (5 = 3 mm), dry Molded (s = 3 mm), moist ISO-1110 Molded at yield Dry film, NK 23/50, s = 25 urn Longitudinal Transverse Biaxially oriented Longitudinal Transverse



Polyamide 610



Polyamide 12



0.2 3.5 35 58



0.1 1.5 30 65



0.3 (16) 7 (16) 85 (16) 71 (16)



>50 >50



40 >50



>50 >50



>50 >50



10



6



Ref.



8



300 330 70 50



Enthalpy (kJ/kg) Temperature T (0C) (Ref. to 200C) 60 100 200 250 300 Pressure (MPa) = (N/mm 2 ) (r=25°C) 100 200 (T= 1500C) 0 100 200



60 135 380 585 750



Entropy of Fusion (J/mol/K) Crystalline



85 170 420 590 850



44-47.5



Equation of State* (melt) (p + Tr)(V- UJ) = RTIM11TT (bar) u (cm3/g) Mu



80 160 400 580 700



70 140



17 17



250 340 420



17 17 17



83-86



2040 (27), 2890 (18) 0.817 (27), 0.778 (18) 105 (27), 59 (18)



80 165 500 650 800



110-114



4590 (18) 0.735 (18) 35.4 (18)



540 (51) 0.77 (51)



51



3640 (18) 0.837 (18) 35.3 (18)



Flexural Strength, ASTM D790 (MPa)



51



57,59



PA-6



PA-66



Temp. (0C)



DAM



50%RH



-40 -30 23 24 80



145 113 23-20



40 -



DAM 117 -



PA-610



50%RH



DAM



42 -



-



PA-12 50%RH



-



DAM



50%RH



86 55-57 17



37-44 -



*Spencer and Gilmore; R = 82.06 (cm3bar/mol/K); v = specific volume (cm3/g) (51).
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Glass Transition Temperature, 7 g (0C)



57-59,61-63,67-69 DAM



PA-6 PA-66 PA-610 PA-12 A: B: C: D:



A



B



56 82 56 29



65,67 65,67 46,50 25,32



50%RH C



D



59,65,75 66,78,80 65,67,70 54,62,-



100% RH



C



D



41,60 46,48 42,51 42,-



20 35 40 -



3 16



CD - 2 2 - 3 2 -15 -37 10 42 -



Estimated from melting temperature: Tg — 2/3 x Tm\ 9,10. Calculated from group contribution, 9,10. Dynamic measurements with torsion pendulum; 9,10,11,12. Static Measurement: DSC inflexion point of mechanical property versus temperature or method not identified; 9-18.



Gruneisen Parameter y%



0.58



0.49



0.45



0.64



Hardness Rockwell Hardness, ASTM D785



57-59



PA-6 DAM R116-119



51,55



PA-66



PA-610



50%RH



DAM



50% RH



DAM



R97-101



R118-121



R108



R110-111



50% RH -



Dry, 23°C MlOO M105 Moist ISO-1110,230C M 70 M 95 Ball Indentation Hardness H358/30 (MPa) = (N/mm2) (DIN 53 456), (ISO-2039) Dry, 23°C 150 160 Dry, nucleated, 23°C 160 170 Moist ISO-1110,230C 70 100-110 Heat Capacity See also corresponding table in this Handbook 200C, crystalline (J/mol/K) 204 Heat ofCombustion (kJ/kg) Heat of Crystallization (kJ/kg)



DAM



50% RH



R106-110



R 15 M 60



RUO



120



98



80



374



-31.400 -46.5



PA-12



502



354



55



-31.400 -54



51 25



Heat Distortion Temperature ASTM D648 (0C)



57,59



PA-6 Load MPa 0.5 1.8



DAM



PA-66 50%RH



55-75



(ISO-R 75) (0C) Molded, dry, 0.45(N/mm2) = (MPa) method B Molded, dry, 1.8(N/mm2) method A



DAM



PA-610 50% RH



235 90



PA-12



DAM



50% RH



DAM



50% RH



175 66



160 60



120 50



250



>160 55-90



>200 100-110



>160 65-85



150 55



190 (25) 230-278 240-260 (24) 45



196 (25)



215



95 (15)



Heat of Formation See Enthalpy Heat of Fusion (kJ/kg) Crystalline from AHm Crystalline from AHm for a-structure Amorphous, annealed 8 hat 500C Heat ofSorption (J/mol) H2O 
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P-90G P-90G 

contra el agua IPX5. Modelo - Marmitas de calefacción gas, para uso profesional, posi- bilidad de carga automática de la camisa intercambiador. Disponibles.
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P-20 P-27 P-65 P-75 P-85 P-95 - Air & Water 

THERMOÉLECTRIQUE ou si vous avez besoin de pièces de rechange, veuillez .... Ne pas utiliser la glacière à la lumière directe du soleil ou dans un endroit ...
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... Chemistry and Center for Macromolecular Science & Engineering, University of Florida, ... All data are unpublished results from the Akzo Fibers and Polymers.
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Si X est de dimension N < p, l'isomorphisme W~, fournit d'ailleurs, pour tout entier n > 1, un analogue de la d~composition de 2.1 pour le complexe de de Rham.
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POWERSHRED® P-35C P-35C 

rated voltage may reduce capacity. Maximum recommended daily usage rates: 20 sheets;. 10 credit cards. To set lock slide button down. H. Control switch. I 1.
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V-29 Quinolones(P) - PharmaEtudes 

Pour palier à ce problème il faut prendre ces médicaments en mangeant. .... Exemple 1 : L'utilisation de FQ dans le cadre d'infections à S. aureus (y compris ...
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POWERSHRED® P-35C P-35C 
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Bougies la FranÃ§aise poivre noir de sarawak. BOUGIE PARFUMÃ‰E scented candle. Ã‰vocation Olfactive. Bougies la FranÃ§aise recharge DIFFUSEUR.
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P-38H Series, P-38J Series, P-38L-1 L-5 and F-5B ... - SprueMaster 

airplanes, flap position is indicated by the flap and land- ing gear ... valve (figure 24-10) is below the instrument panel; and ... Bomb or tank release selector switches. ... (figure 5-15) cuts out the battery, leaving the rest of the ...... Rod ae
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sufficiently long to close magnetic circuit betrveen magnet and fly- rvheel (Fig. 6). Fig. ..... The magnet rotation causes a flow variatioii in the coil, whicli creates a low ... ing a voltage amplification capable of causing a sparlc between spark 
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JIMMY P. (Psychotherapy of a Plains Indian) tells the story of the encounter and developing friendship between two men who would never normally have met, ...
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