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(ED Polysullfones 2| #&

e g [5T%| se0 | Pi7oo
Specific gravity 1. 36 1.24
Glass-transition

temperature, °C 290 190
Color clear; amber
Water absorption,

% in 24 hr 1. 4 0.22
Flammabilit self- 0.22

&y exting- .
uishing
Bmn BE
Tensile strength, psi D638 13,000 10,200
Tensile modulus, psi D638| 370, 000; 360, 000
Tensile elongation, % D638

at yield 8 9

at break 10 50-100
Flexural strength, psi(yield)l  D7900 17,200[ 15,400
Flexural modulus, psi D790, 395, 000/ 390, 000
Compressive strength, psil  pggsl 17,900 40, 000

(yield) ’ >
Compressive modulus, psi D695| 191, 000! 374, 000
Izod notched impact _

strength, ft-Ib/in. notch D256 2-4 1.3
Rockwell hardness M110 M69

#Ey HE
Thermal conductivity,

Btu/hr/ft?/°F/in. L3 18
Coefficient of linear D696-44:2. 610 13.1X10

expansion, per °F -5 -8
Mold shrinkage, in. /in. 0.008 0.007
Heat deflection tempe- D648-55 -

rature at 264 psi, °F  |modified 525‘ 345

BRM HH

|
Dielectric constant, 60 cps D150 3.94 | 3.07
Dielectric constant eal o
(8. 510 . D150 3.24
Dissipation factor, 60 cps { DI150] 0.0030° 0.0008
Dissipation factor(85x10%)  D150| 0.010 L
Volume resistivity,ohm-cm| ~ D2573.2X% 10t 5X10*®
Surface resistivity, ohm? [6,2><10“ 3x10*
Dielectric strength, V/mil D149i

short time, 1/161in. thick'i i 350 425

short time, 0.011in. | i 1600 2200

thick (2-in. electrode |

in oil) |
Cut-through temperature, - 650

10-mil coating on i
13-gage wire, a °F |
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(F D 2-6-dimethylphenylene oxide 2| 44
ASTM ' PPO, Noryl #f5
Jrt Grade 534 G;ﬁicvsgiﬂ Noryl-2 Noryl-3 -
HERRY HEFL
Specific gravity, 73°F D792 1. 06 1. 06 1.21 1.27
Specific volume, cu in. /lb 26.1 26.1 22.9 21.8
Water absorption DE&70
24 br, 73°F 0.03 0.67 0. 06 G. 05
equilibrium, 509 rh, 73°F 0.02 0.07 0.03 0.03
equilibrium, continuous immersion, 73°F 0.10 0.14 0.14 .12
iy B8
Heat-deflection temperature, °F D648
at 66 psi 355 27 293 317
at 264 psi 345 265 283 310
“Thermal conductivity, Btu/hr/ft?/°F/in. C177 1.33 1.5 1.15 1.1
+Coefficient of linear thermal expansion, in. /in. vor 105 : -5 w10 1103
/°F(—20°F to 150°F) D696  2.9X10 3.3X10 2.0:(107° 1.4M10
Mold shrinkage, in. /in. D1299 0.007-0. 009 0. 005-9. 007 0. 002 0. 001
‘Flammability D635 .....e self-extinguishing, nondripping® ......
BEH EH
Dielectric constant, 509 rh, 73°F D150
.at 60 cps : 2. 58 2.64 2.93
at 10° cps 2.58 2.64 2.92
‘Dielectric constant. 150°F D150
at 60 cps 56 2.63 2.92
at 10° cps 2.55 2.63 2.90
Dissipation factor, 50% rh, 73°F D150
at 60 cps 0. 00035 0. 0004 0. 0009
at 10° cps 0. 0009 0. 0009 0. 0015
‘Dissipation factor, 150°F D150
at 60 cps 0. 00033 0. 0006 0. 0012
at 10° cps 0. 0004 0. 0006 0.0012
Volume resistivity, dry, 73°F, ohm, cm D257 108 10Y 107
Surface resistivity, ohm/sq D257 107 10 107

J. KIChE, Vol.12, Nc.2, Apr.1974



112

Dielectric strength, V. mil, short-time D149 500 550 1, 02¢
(1/8-in. (1/8-in. (1/16-in.
sample) sample) sample)
850
(1/32-in.
sample)
Arc resistance, sec 9tungsten electrode) D195 75 75 120
B HE
Tensile strength at 73°F D638
at 200°F 11, 600 9, 600 14, 500 17, 000
8, 000 6, 500 10, 600 14, 500
Elongation at break, 9 at 73°F D638
at 200°F 20-40 20-30 4-6 4-6
30-70 30-40 4-6 4-6
Tensile modulus, psi D638
at 73°F 390, 000 355, 000 925,000 1, 330, 000:
at 200°F 360, 000 230, 000 750,000 1, 280, 000
Flexural strength, psi D790 ’
at 0°F 19, 100 15, 900 22, 800 25, 000"
at 73°F 16, 500 13, 500 20, 500 22, 000
at 200°F 12, 600 7, 300 13, 500 18, 000
Flexural modulus, psi D790
at 0°F 385, 000 380, 000 870,000 1,150, 000
at 73°F 375, 000 360, 000 740,000 1, 040, 000
at 200°F 360, 000 260, 000 590,000 1, 000, 000
Compressive stress, psi, at 73°F, 10% D695 16, 500 16, 400 17, 600 17, 900
deformation
Shear strength, psi D732 11, 000 10, 500 10, 400 10, 600
Deformation under load, %, at 122°F, D621 0.1 0.3 0.2 0.12
2,000 psi
Creep, 300hr, 73°F, 2,000 psi, % D674 0.5 0.75 0.33 0.2
Izod impact strength, notched %X % in. bar, D256
at-40°F, ft-lb/in. notch 1.0 1.4 1.5 1.9
at 73°F, ft-1b/in. notch 1.2 1.8 1.6 1.9
at 200°F, ft-lb/in. notch 1.7 4.2 1.5 1.7
Izod impact strength, unnotched, 1/8-in. D256 40 40 10 10
bar, ft-1b/in.
Tensile impact, L-type bars, ft-Ib/in’ D1823 185 120 56 50
Rockwell hardness D785 M78 M78 M90 M93
R119 R119 L106 L1108
Taber abrasion, CS17, 1000-g load, mg D1044 17 20 35 35.
Shear resistance, 1000-g load, mg 1, 330 1, 250 1,430 1, 450"
Fatigue endurance limit, psi, at 2X10° cycles D671 1, 200 2, 500 5, 000+
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(E D Kapton H vs. Mylar 9} %EE’] g

] % Mylar Kapton H
Ultimate tensile strength, psi... 23,000 25, 000
Yield point, psi ceveerciniiinennene. 12,600 14, 000
Stress to produce 59

elongation, psic..cccocvcrerneinnnne 13, 000 13,000
Ultimate elongation, %.......c.... 100 70
Tensile modulus, psi.co.ceciennenns 550,000 430, 000
Pneumatic impact strength,

Kg-cm/mil (DuPont test)...... 6 [
Folding endurance, folds
(M.1T. — J-Kg load)..cvvcon 10° 10*
Tear strength, G/mil

(propagating Elmendcrf)... 15 8
Bursting strength, psi

(Mullen) .oovievivenvenninnnians 30 5
Density, g/cc 1.4 1.42
Coefficient of friction (kinetic,

Alm-to~film) vievrerrreiernninenns 0.45 0. 42
Area factor, flz/(lb) (ml) 140 135

{F 4  SP- 1°l 4@1&(23 o)

. . Value
Specific Gravity .cvivevrevveiceriinieireieiinen 1.41-1. 43
Tensile strength, psi.ccvvieviieiiiiinnienicnn 13, 500
Elongation, 94 ..cceeceerenrieariiernnienceanienns 6-8
Shear strength, psi 11, 900
Compressive strength, psiiie..cceeieeiiinienn 24, 400
Flexural modulus, psiX10 % viiininnnenn. 4. 50
Thermal conductivity, Btu-in. /(ft?)

(RE) (OF) evurerusesernsnasssosssnneassansanne 2. 20
Specific heat, Btu/(Ib) (°F) ...ocovrneneie. 0.27
Impact strength, ft/lb/in. :

Unnotched..uuriierenieirininiiiniiennn 9.6

Notehed covunnrernienriorierianecerieninneeniann, 0.7
Hardness, Rockwell H ..cocoerieiienninnnnnnnn &3-89
Abrasion resistance, 1, 000-g load,

CS-17 wheel, mg/kc.ccvviriieiiierininnnns G. 3
ik .

to BREMEY BE = BERE ool Sp-
type polymer ¢] molding resin & il bearing o} Ff
BrEA Easlch, chol o2z dvtiRel #ikdl A
b iz o] e
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{F& 5) Softening Point and Thermal Stability
Structure Softening Weight loss in nitrogen
3 o
Parent tetramine Parent diacid point, °C, 400° l 500° ) 550° 600°
Tetraminobenzene ......cc.ueee.. ) Terep?&h‘z'llic: acid | e 2.8 1.0 1.9 4. ¢
Isophthalic acid 1 ... 0.7 0.3 1.4 1.4-
3. 3’-Diaminobenzidine......... Terephthalic acid | ... 1. 0(, 0. 1.7 1.0
Isophthalic acid | ... 0.6 0.4 1.3 2.2
9. 5-Pyridinedicarboxylic acid |  ......... 0.2 0. 5 1.4 2.7
2. 5-Furanedicarboxylic acid 480 d 1.4 2.6 2.8 2.0
2. Zgil:liaphthalenedlcarboxyhc ......... 0.4 0.8 L2 3.7
4. 4-Biphenyldicarboxylic acid | ......... 0.3 0.8 0.3 2.1
Bis-3. 4-diaminophenylmethane | Isophthalic acid 380—90‘ ...... 5.16 15.45 31.30
. Terephthalic acid 400-10 ... 3.4 7.95 15.35
3. 8’-Diaminobenzidine ...c..ceeues Bis-4-carboxyphenyl ether 460—70;[ ______ 5. 44 7.41  10. 20:
Bis-3. 4-diaminophenylmethane | Bis-4-carboxyphenyl ether 350-7 AR 3.40 7.24) 16. 20
is-3. 4-diaminophenyl ether...| Bis-4-carboxyphenylmethyl- on!
Bis-3. 4-aiaminop Dhosphine oxide 380-400. ... 27.50| 39.80] 47.85
Bis-3. 4-diaminophenylmethane | 1. 4-phenylenediboric acid 50 | ... 2.64 7.16 12.80
3. 3’-Diaminobenzidine 2. g;ﬂaphthalenedicarboxylic ......... 50 10 15
2. 3-Naphthalenedicarboxylic || .. 25 20 135(700°)
3. 3’-Diaminobenzidine............ 2;Zi—§aphthalenedicarboxylic .............. 35 30 |40(700°).
4. 5-Imidazoledicarboxylic acid |  ......... 5 5 7-101
Ferrocenedicarboxylic acid | ...l .. 25 25 30
Maleic acid | el e 20 | eeens 25
3. 3’-Biphenyldicarboxylic acid
2. 2’-Bipheny]dicarboxylic acid |  ......... 20 | eeeeen 25
4. 3'-Ciaminobenzidine............ Perfluorosuberic acid | Laaad e 30 | eeennn 35
Perfluoroglutaric acid - |  .eeeeid]  eeeene 40 | e 50
WH : & Bl T2F 2Ese & PBIEY #%
_\ ? 0 EEE FRstg e
H.N NH, ¢-0C AN L—0-y
_\/——/ NH K/l‘ {3% &) Properties of polybenzimidazole molded foam
Density, 1b/cu ft 25-31
o G Cell size, microns 30-300
]_ '?th{CM/ N\ NH(lé— /\_g Compressive strength, psi
= = K | at 75°F 3650
. ., :
‘ H.N N at 600°F 2971
- A ‘ at 1000°F 776
| Compressive modulus, psix10°
¢ at 75°F 2.41
~ L . at 600°F 0.36
AR A .
—1[__(3; o m() & ! Tensile strength, psi
| b i g Ji at 75°F 1300
L = at 600°F 1278
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at 1000°F 284
Tensile modulus, psix10%

at 75°F 1.09

at 600°F 1. 06
Water absorption, 296 by volume 34
Swelling, *9% by volume 5
Maximum continuous operating

temperature, °F 600
Dielectric constant at 9375 Mc

at 75°F 1.82

at 500°F 1.85

at 1000°F 1.91

at 2000°F 2. 40
Loss tangent at 9375 Mec

at 75°F 0. 0046

at 500°F 0. 0054

at 1000°F 0.0182

at 2000°F 0.0423

Thermal conductivity, 250-500°F,

Btu/ft/°F-hr-ft* 0. 35-0. 0065

a:After 24-hr immersion, Federal Specification
L-P-4065, Method 7031.

od8 74A FEES] B35S molding powder o] HFg
FRFE oA wrEelAE B ®ahd <A
ged o9 HHE K DA FHrdgrh

A% : J@EEIA VY = MITEA KEEd Ak
£ Bl o8 $FA%S AL BHRSHAR
JERE 2 glg Fol

4. Poly-terephthalate ester
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{F& 1) MZZ Polyterephthalate ¥l &

Unmodiﬁedao% glass-
Properties molding remlt;iqrced
grade . | TmolCIng
 STETE grade
Tensile strength, p.s.1i. 8200 14, 000:
Elongation at fracture, 9 250 —
Flexural modulus, 10° p.s.i. 3.1 87

Impact strength

Notched Izod at-4Q°F.
ft. Ib. /in. of rotch 0.8 Lo

Unnotched Izod at-40°F.,

ft. 1b. /in. of width No break 7

Drop at 73°F. -

(1/8-in. plaque), ft.-Ib. 4z -

Drop at-40°F. a5 o

(1/8-in. plaque), ft.-lb. v
Cold flow, 9§ at 122°F.

at 2000 p.s. 1. 2.6 2.1

at 4000 p.s. L 6.5 2.5
Deflection temperature, °F.

at 66 p.s. 1. 302 430

at 264 p.s. i 122 380
Abrasion resistance, g. /1000 rev. 0.03 0. 03
Coeflicient of friction

Plastic to plastic 0.17 0.17

Plastic to steel 0.13 0.13
Molding shrinkage, in. /in. 0.02 0.003
Regmmended ofpder a0
Price, ¢/1b., truckload 68 92
Cost, ¢/cu. in. 3.2 4.8
Specific gravity 1.31 1.45

Tenite & #%#9) 3}t tenite 7} T4 -Fo %3}
o rein force 7} & o=l vk (3 7)ol tenite 9
AA} 209% glass-reinforced ‘tenite 8] 41548 ] w3}
gk,

Tenite ] 4B engineering plastic 03149 & A
A& heat-deffection tempeo]] 264 psi(18 7))ol A
122°F(55°C) dte] @4=l™ o= ko2 tenite & AR
o] & break & AR o AAH T,

AgmEAA ¥ o £2 dEozAe Bkl ERE=
3 SlEd s 50 Mrad 8] XiE BEL T K= 4
He Byt A3 vk Aol plastico 249 &
T = self-lubrication o] Fdl= &% B gear, bearing
S0l Aol 2ol® BEBESNS M FTER EXEA
Zo g =% 2l
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- EEREE 600°F (300°C) 2] high temperature polymer
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Temp~ C 4. Thermogravimetric analysis of Ekonol in air at

[El3. Differential thermal analysis scan of Ekonel (air) 5°C/min

(& 8 JEFEIM Engineering Plastics 2 {5
- Polytetra-
f: B Polyester® Polysulfone Polyimide ﬂuoroyethylene
e (17) (18) (19)
Desnity, g/cm® 1.44 1.36 1.40 2.13
Flexural strength(room temp), psi 10, 700 17,200 11, 800-14, 000
Elastic modulus, 10° psi 1. 03 0.39 0.46 0.09
Compressive strength, 10° psi 38.5 17.9 24.0 1.0
Machinability exczllent fair good
. 4 2

Th(eorcrn/ac]mc)onductlvxty, 10~* cal/(sec) (cm?) 18.0 6.0 6.0 6.0
Coefficient of thermal expansion, 107° -

in. /(in. °F) 2.8 2.6 2.4 55
Weight loss in air

at 260°C (2000hr), % 1 1 0

at 400°C, %/hr 1 1 deccmp.
Dielectric strength (thickness 0. 125 in. ), vol/mil 660 300 430 620
Dielectric constant 3.8 3.9 3.6 2
Dissipation factor 1.98x107* 30x107* 34107 3.0x107¢
Volume resistivity, —cm 10*® 10%2 10*%-10% 108
Water absorption

at room temp (24 hr), % 0.02 0.22 0. 30 0.01

at 100°C hr), % 0.40
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