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ALCOTEC WELD FILLER WIRE 4145 
(Aluminum Welding and Brazing Filler Wire) 

AlcoTec weld filler wire 4145 is a general-purpose high-silicon-containing wire for both welding and brazing. The alloy is often used instead 
of 2319 for welding higher-strength alloys because of its low melting temperature and high fluidity. 

ALMIGWELD is a registered trade mark of AlcoTec Wire Corporation. 

Chemical Composition, wt.%: 

Silicon 
Iron 
Copper 
Manganese 
Magnesium 
Zinc 
Titanium 
Beryllium 
Others, each 
Others, total 
Aluminum 

Physical Properties: 

Density, kg/m3 (lbhn.3 ) 
Melting range, approximate, "C ("F) 

Anodize color 

3 . 6 4 6  
0.8 max 

0.10 max 
0.05 rnax 
0.10-0.30 
0.10 max 
0.15 max 

0.0008 max 
0.05 max 
0.15 max 

bal 

2740 (0.099) 
520-585 

(970-1085) 
Gray 

Specification Equivalents: 

ANSVAWS A5.10 (ER and R) 
ANSVAWS A5.8 
AMS 4184 
Brazing alloy BAlSi3 
UNS A94145 

General Characteristics: 

Alloy 4145 was originally developed as a brazing alloy because of 
its low melting temperature and high fluidity. The principal alloy- 
ing elements are silicon and copper. It is heat treatable, but pro- 
vides very low susceptibility to weld cracking when used with 
k series alloys, aluminum-copper castings, or aluminum-cop- 
per-silicon castings. It can be used in elevated-temperature service 
applications. The alloy is often preferred over 2319 when metal 
inert gas (MIG) welding because it wets out better, provides a 
brighter-looking weld, and produces less smut. Alloy 4145 does, 
however, have lower weld tensile strengths than 2319, and it is not 
suited for welding high-magnesium-containing alloys. 

Weldability: Product Forms Available: 

Qpical procedures are given in Table 1. The alloy is widely pre- 
ferred by welders because of its wetting ability. 

Alcotec produces ALTIGWELD filler rods in 914 mm (36 in.) 
straight lengths designed for gas tungsten arc (GTA) welding or 

Table 1 Typical Semiautomatic GMA Procedures for Fillet and lap Welding Aluminum 
DC (EP) range(a) DC (EP) suggested(a) 

Wire diameter, in. Amps Volts Base thickness, In.(b) Amps Volts Wire feed, Ipm Gas flow, dh Approximate consumption, lb/100 ft(c) 
0.030 100-130 18-22 0.094 100 22 500 30 0.75 

0.035 85-120 20-23 0.094 110 22 480 30 0.75 
125-1 50 20-24 0.125 120 22 600 30 1 

125-1 50 20-24 0.125 130 22 566 30 1 
170-190 2 1-26 0.250 170 23 740 35 4 

0.047 125-1 50 20-24 0.125 150 23 360 30 1 
180-225 22-26 0.187 180 23 410 30 2.3 
170-240 2428  0.250 190 24 470 40 44 

0.062 190-260 2 1-26 0.250 200 23 265 50 4 
240-300 22-27 0.375 230 24 300 so 9 
260-310 22-27 0.500 260 26 340 60 16 
280-320 2428  0.750 280 27 385 65 36 
290-340 26-30 1 .000 300 28 420 70 64 

0.094 280-360 26-30 0.750 320 29 170 60 36 
3cNl-4co 26-32 1.000 330 30 180 80 64 

(a) Metal thickness of 0.75 in or greater for fillet welds sometimes employs a double vee bevel of 50° or greater included vee with 3/32 to in. land thickness on the abutting member. (b) Electrode consumption 
given for weld on one side only, and based on leg length equal to plate thickness. (c) For 5 m  series electrodes use a welding amperage on the high side of the range and an arc voltage in the lower portion of the 
range. lm, k, and 4 m  series electrodes would use the lower amperage and higher arc voltages. 
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brazing operations. The standard sizes available are 1.6 mm (l/16 
in.),2.4mm(3/32in.),3.2mm(1/8in.),4.0mm(s/32in.),and4.8mm 
(3/16 in.). These can be placed in 0.45 kg (1 lb) tube packs, 4.5 kg 
(10 lb) boxes, 9 kg (20 lb) boxes, or 22.6 kg (50 lb) boxes. Spooling 
is available as noted in Table 1. 
ALMIGWELD welding wire is available in the standard sizes 
0.75 mm (0.030 in.), 0.9 mm (0.035 in.), 1.0 mm (0.040 in.), 1.2 
mm (3/64 in.), 1.6 mm ('/I6 in.), and 2.4 mm (3/32 in.). 

Applications: 

Applications in the automotive industry include cylinder heads, 
blocks, and pans for strength-to-weight ratio and heat transfer in 
the welding of both A380 and A319 castings. 
In the aerospace industry, applications include structural ele- 
ments for strength-to-weight ratio and extreme-temperature serv- 
ice life when welding 2014 to itself. 

Other applications include the defense industry where the alloy is 
used in missiles for strength-to-weight ratio to weld 2014 to 
itself, the recreation industry where the alloy is used in baseball 
bats to weld 7050 to itself, and the transportation industry where 
the alloy is used in cylinder heads and forged pistons to prevent 
weld cracking when welding 2218, 2618, A201.0, A242.0, and 
A240.0 to themselves. 

Producer: 

AlcoTec Wire Corporation 
Traverse City, MI 49686-9263 
(231) 941-4111 
(231) 941-9154 (fax) 

ISSN: 002-614X A1-383B 
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ALCOA IXXXSERIES 
(Extruded Non-Heat-Treated Aluminum Alloys) 

Aluminum lxxx series alloys are nonhardenable by heat treatment. They have high purity, high conductivity, and good corrosion resistance 
and are easily formed. 

Chemical Composition, wt.%: 

(5PiCal) 
Alloy 1060 Alloy 1100 Alloy 1350 

Silicon 0.25 max 0.95 min (Si + Fe) 0.10 max 
Iron 
Copper 
Manganese 
Magnesium 
Chromium 
Zinc 
Titanium 
Others, each 
Others, total 
Aluminum 

0.35 max 
0.05 max 
0.03 max 
0.03 max 

0.05 max 
0.03 max 
0.03 max(a) 

99.6 min 
... 

... 
0.05-0.20 
0.05 max 

... 

... 
0.10 max 
0.05 max 
0.05 max 
0.15 max 
99.0 min 

0.40 max 
0.05 max 
0.01 max 

0.01 max 
0.05 max 

0.03 max(a) 
0.10 max 
99.5 min 

... 

... 

(a) Vanadium plus titanium 0.02% max, boron 0.05% max, gallium 0.03% max 

Physical Properties: 
1060 1100 1350 

Density, kg/m3 (lbh.3 ) 2699 (0.0975) 2713 (0.098) 2699 (0.0975) 
Solidus, "C (OF) 646 (1195) 643 (1190) 646 (1195) 
Liquidus, "C (OF) 657 (1215) 657 (1215) 657 (1215) 
Coefficient of linear 

thermal expansion, 
average, 20-100 "C 

(1 @/OF) 23.6 (13.1) 23.6 (13.1) 23.8 (13.2) 
Electrical conductivity, 

typical, 0 temper for 
1060and 1100,Hlll 
temper for 1350, 
%IACS 62 59 61.0 min 

Thermal conductivity, 
typical, 25 "C (77 OF), 
0 temDer for 1060 and 

(68-212 OF), 10-6K 

1100, HI 11 temper for 
1350, W/m K 
(Btu/(ft. h . OF)) 234 (135) 222 (128) 234 (135) 

Mechanical Properties: 

See Table 1. Temper designations and definitions are shown in 
Table 2. 

Formability: 

Comparative characteristics for these alloys to others are shown 
in Fig. 1 for several tempers. 

Table 1 
Property limits 

standar~ Tensile strength 0.2% offset, mln 2 in. or 4~ typical 

High-Purity I x x x  Series Mechanical and Physical 

Yield strength, ~ l ~ ~ ~ ~ d ~ ~  in Shear strength, 

tempers(a) MPa ksi MPa ksi (b), mln, % MPa ksi 
1060 
F No properties apply d a  
0 59-97 8.5-14.0 17 2.5 25.0 48 7 
H112 59 min 8.5 min 17 2.5 25.0 d a  
1100 
F No properties apply d a  
0 76-107 11.0-15.5 21 3.0 25.0 62 9 
H112 76min 11.0min 21 3.0 25.0 d a  
1350 
F No properties apply ( 4  d a  
Hlll(c) 59 min 8.5 min 24 3.5 (d) d a  

All specified section or wall thicknesses. The thickness of the cross section from which the test spec- 
imen is taken determines the applicable mechanical properties. (a) The mechanical property limits for 
standard tempers are listed in Aluminum Standards and Data and Tempers for Aluminum and 
Aluminum Alloy Pmducts published by the Aluminum Association. (b) For materials of such dimen- 
sions that a standard test specimen cannot be taken, or for shapes thinner than 0.062 in., the test for 
elongation is not required. D = specimen diameter. (c) For bus bar only, minimum flatwise bend radius 
= 1 x thickness at room temperature through an angle of 90' without cracking and with no evidence 
of slivers or other imperfections. Applicable to widths up through 12 in. (d) Elongation figures are not 
required for this particular alloy. 

The flatwise minimum bending radius for 1350-Hlll is 1 x 
thickness for all thicknesses and 90" bend with width to thickness 
ratio not exceeding 12 and widths not exceeding 100 mm (4 in.). 

Machinability: 

These alloys have relatively poor machinability. 

Specification Equivalents: 

UNS A9 1060 (1 060) 
UNSA91100 (1100) 
UNS A91350 (1350) 

General Characteristics: 

Alcoa Engineered Products markets several alloys in the lxxx 
series for many specialty applications. The alloys are non-heat- 
treatable, have the highest purity of aluminum compared to other 
series of aluminum alloys, and are offered as extruded sections 
with a minimum purity of 99.5% aluminum by weight. Some 
specific alloys offer aluminum contents as high as 99.0% alu- 
minum by weight while some go to 99.6%. This alloy group 
offers the best corrosion resistance of any aluminum alloy group 
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Fig. 1 Comparative characteristics of related alloys and tempers. A, excellent; B, good; C, fair; D, poor. For further details of explanation of 
ratings, see Aluminum Association's Aluminum Standards and Data manual. 

and displays excellent forming, welding, brazing, and finishing 
characteristics. Excellent forming characteristics permit these 
alloys to be easily impacted, cold drawn, deep drawn, and bent 
into various configurations. These alloys can be extruded as pro- 
files, rod, and bar. Three of the common alloys available are 
1060, 1100, and 1350. Other lxw series alloys may be available 
through special inquiry. 

Table 2 lxxx Series Temper Designations and Definitions 
Alloy Standard 

Alloy description temper Standard temper definition 
1060 Highest purity F As fabricated. There is no special control 

available at Alcoa. 
High conductivity 

over thermal conditions, and there are 
no mechanical property limits. 
Annealed. Applies to products that are 
annealed to obtain the lowest-strength 
temper. 
Same minimum properties as 0 temper, 
but no maximum. Strain-hardened 
temper via the extrusion process to 
develop minimum property 1100 
requirements. 

over thermal conditions, and there are 
no mechanical property limits. 
Annealed. Applies to products that are 
annealed to obtain the lowest-strength 
temper. 
Same minimum properties as 0 temper, 
but no maximum. Strain-hardened 
temper via the extrusion process to 
develop minimum property require 
ments. 

over thermal conditions, and there are 
no mechanical property limits. 
Minimum 61.0% IACS conductivity. 
Strain-hardened temper via the extru 
sion process to develop minimum 
property requirements. 

0 

H112 

1100 Similar to but slightly F As fabricated. There is no special control 
stronger than 1060 

0 

H112 

1350 Highest conductivity F As fabricated. There is no special control 
aluminum available 
in extrusions 

H1 11 

For further details of definitions see Aluminum Standards and Data and Tempers for  Aluminum and 
Aluminum Alloy Products published by the Aluminum Association. 

Alloy 1060 is a high-purity grade with a 99.6% minimum alu- 
minum content. 'Ifipical applications include chemical and food- 
handling equipment, and containers for food, pharmaceutical, 
and liquids. 
Alloy 1100 shares some of the same applications as alloy 1060, 
plus fin stock, spun hollowware, impacted fire extinguisher bot- 
tles, and tubing. This alloy contains slight additions of silicon, 
iron, and copper for strength. 
Alloy 1350 is used primarily for electrical conductors. This alloy, 
when ordered in the H1 11 temper, exhibits the highest electrical 
conductivity of all extruded aluminum conductor grades, meeting 
or exceeding 61.0% IACS. 
Alloy 1060 has a 99.6% minimum aluminum content, 1100 has a 
99.0% minimum aluminum content, and 1350 has a 99.5% min- 
imum aluminum content. 

Product Forms Available: 

Alcoa produces the alloys in standard architectural shapes, par- 
ticularly rod and plate. 

Applications: 

'Ifipical market applications for lxw series include heat exchang- 
er tubing, impact stock, cable sheathing, electrical conductors, 
and medical and chemical instrumentation. 

Producer: 

Alcoa Engineered Products 
Cressona, PA 17929 
(800) 233-3165 
(800) 252-4646 (fax) 
www.alcoa.com 

ISSN: 002-614X A1-395B 

2 



ZIRCAR ZIRCONIA POWDER Filing Code: Cer-1 
Ceramic 

TYPE ZY P-4.5 
MARCH 1989 

-DIGEST - DATA ON WORLD WIDE METALS AND ALLOYS 
Pdhhdby: Aloy Diil. 11% I201-677-9161 
27 Canfield SheI. Orange. N.J. 07050 I USA. 

ZIRCAR ZIRCONIA POWDER TYPE ZYP-4.5 
(Yttria Stabilized Zirconia Powder) 

ZIRCAR* ZIRCONIA FWVDER TYPEZYP-4.5 is a highly reactive form of zirconium oxide stabilized in the tetragonal crystal 
state with added yttrium oxide. It is an excellent raw material for producing dense suuctural and wear resistant parts. 

*zIRCAR is a registered trademark of ZlRCAR products Inc. 

Composition (Nominal, weight 9,): 

zJQ2 95.5* 

w 4.5f 10% 
Cl 0.03 
Impurities; 

SO, 0.1 
SiO, 0.2 
TiC, 0.05 
Loss on ignition c2.0 

*zro, typically contains 1.5-2.0% HfO, 

PowderCharacteristics: 
Color 
Crystallite size, m x 104 
Surface area, m2/g 
Bulk density, g/cu cm 
Tap density, g/cu cm 
Agglomerate size distribution 

<O.lm x 104 
c0.3m x lad 
<0.5m x lad 
c0.7m x 10d 
<l&n x 106 

PROPERTIES 

Table 1 -- TYPICAL CHARACTERISTICS OF DENSE PARTS FABRICATED FROM ZYP-4.5 POWDER 

Comolidation. uniaxial dry press. psi 2oooo 
Green density, g/cu cm 2.56 
Sintered density, 3h at 1500°C (2732’F). g/cu cm 5.97 
Chin size. m x lo-6 0.4-0.7 
Principal phase Teaagonal 
Thermal coef. expansiot$‘C (At 25’C) 8 x 10-S 

(At 1000°C) 10 x 10’ 
Thermal conductivity, cal/cm/secPC 0.007* 
Elastic modulus. psi 17 x 106 

MPa 117 x 103 
Flexural strength, psi 175ooo+l5% 

MPa 12OOH5% 
Fracture toughness. MPafi 8* 
Vickers hardness. kg/mm* 1300* 

*Typical values for the range of partially stabilized ZtO2 materials 
All other tabulated values are specific to parts from ZYP-4.5 powder. 

White 
0.02-0.03 

3045 
0.58 
0.83 

30% 
50% 
72% 
85% 
97% 



Processing: 
Compaction: Press Without lubricant at about 20000 psi 
(miaxial press). 
Sintering: 3h at 1500°C (2732T) 

Handling: 
Provide ventilation protection as prescribed by OSHA 
Standard 29CPR 19 10.94. Avoid breathing dust: userespi- 
ratorincompliancewithOSHAstandard29CFR 1910.134. 
Use protective gloves and eye protection (goggles/face 
shield). Wear long sleeve, loose fitting clothing when han- 
dling in a manner that generates respirable dust. Remove 
spilled material or work -generated dust with vacuum 
fitted with HEPA filter. Use a dust suppressant Dispose of 
waste by routine housekeeping procedures. 

General Characteristics: 
ZIRCAR zirconia powder has an extremely fine crystallite 
size giving it broad applicability . Pressed and sintered 
parts develop high strength. They have a use temperature 
of up to 2200°C (399OOP). The powder is white and 
odorless. Common precautions should be taken to mini- 
mize inhalation, ingestion and skin contact. 

Forms Available: 
In addition to the 4.5 % Y203 stabilized type powder de- 
scribed here, 8 and 12% Y20, stabilized powders are 
regularly available as is also unstabilizedzirconia powder. 
Powders with other levels of yttria stabilization may be 
made available by special request in lots as small as 1Olbs 

Applications: 
Presses and sintered thread guides, ;cutting tools, engine 
components and others. 

Manufacturer: 
zircar Products Inc. 
Fhida, New York 10921 



ALUMINA SILICATE 902 Er%?de’ 
Cer-2 

-DIGEST - DATA ON WORLD WIDE METALS AND ALLOYS 
APRIL 1989 

P-by: Aloy Di9asL k I201-6?7-9161 
27CamidStm.tOr~.NJ.07OSOIU.6A. 

ALUMINA SILICATE 902’ 
(Machinable Ceramic) 

ALUMINA SILICATE 902 is a machinable ceramic with a limiting continuous service temperature of 2100°F (1150°C). 
*902 is the Chunks Cosporation’s identification number. 

Chemical Characterization: 
High purity alumina silicate. 

Physical Constants: 
Melting point, “F 

“C 
3200 
1760 

Density, Ib/cu in. 0.083 
g/cu cm 2.30 

Thermal coef. expansio@F 1.8 x lo6 
“C 3.24 x 106 

Thermal conductivity, Btu/h/fL?/in.//“F 7.5 
Electrical resistivity, ohm-cm 10’4 
Dielectric strength, volts/mil 100 
Dielectric constant (1OOkc) 5.3 
Loss factor 0.04 

PROPERTIES 

Table 1 --MECHANICAL PROPERTIES 

Compressive strength, psi 38000 
MPa 262 

Flexural strength, psi 14000 
MPa 96 

Hadness. mohs scale 6 

Firing: 
Material as supplied is machinable and usable to tempera- 
tures up to llOO°F (593°C). Air firing at 1900-2000°F 
(1038-1093°C) develops full hardness and extends the 
usable temperature to 2100°F (115O’C). Material should 
be placed in a cold furnace without protective atmosphere. 
Protect work from direct flame impingement or contact 
with heating elements. Heat at 2OO”F/hour. maximum to 
19Ofl-2OOO’F (1038-1093°C). Hold at temperature l/2 
hour for l/4 inch thickness; 1 hour for 112 inch thickness: 
1 l/L hour for 3/4 inch thickness, etc. Cool in the furnace 
to below 200°F before removing. Parts should be designed 
LO have gradual transition from thick to thin sections. 
Consult the producer for more specific firing details. 

Machining: 

Material as supplied is machinable using conventional 
equipment. Carbide tipped tools should be used if avail- 
able.Toolsmustbemaintainedsharptominimixechipping 
of the work. Cutting, turning, drilling, tapping, milling, 
slotting, grinding are among the operations which may be 
performed. Machine 2% under size to allow for expansion 
that occurs on final firing. Machine dry, no lubricants or 
coolants. Machinist should take the normal precautions to 
guard against airborne dust such as wearing a face mask. 
For ultra precision, wet grind using silicon carbide wheels. 



General Characteristics: Applications: 
ALUMINA SILICATE 902 machinable ceramic may be Prototype hardware: brazing, soldering, RF heating and 
machined as supplied using conventional equipment and vacuum fixtures; supports; electrical components; insula- 
tooling. Allow for 2% expansion in final firing after tom 
machining. After final firing, material is usable to 21OOT 
(115OT) in continuous sen!ice in oxidizing, reducing or Manufacturer: 

vacuum environments. The material has excellent thermal Cotronics Corporation 
shock resistance. Porosity of final fired material is 2.9%. Brooklyn New York 11235 

Forms Available: 

Stock size, inches: 

Thickness 
1/4,1Lz3/4,1,1 l/2,2 4xl2or6x6 
l/4, l/z 1 12x 12 
Rods 

D’ameter Lenmh 
1,4’ 6 
l/-2,3/4,1,1 l/z 2.3,4 12 
Special sizes and custom machined parts upon request. 



Filing Code: 
Ceramic 

Cer-3 

MAY 1989 
-DIGEST - DATA ON WORLD WIDE METALS AND ALLOYS 

P-by: Aby D~I+, It% I201-677-9161 
27 Camield SImt, Orange. NJ. 07060 I USA. 

ALSIMAG 222 

AISiMag@ 222 is a porous ceramic material. It has excellent electrical insulating properties at elevated temperatures. For high 
frequency applications as an insulator, impregnation with a moisture repeIlant substance is required. AlSiMag 222eis well suited 
toprototypemodelmaking. 

AISiMag8 is a registered trademark of AlSiMag” Technical Ceramics, Inc. 

Composition: 
AlSiMag8 222 is a magnesium silicate 
ceramic. 

Physical Constants: 

property 
Water absorption 

Unit 

8 

ASTM test number 

specific grahty -- 
Density lb/cu in. 
Volume cu in& 
Color -- 
Hardness Mohs’s scale 
Softening temperature “C (OF) 
Resistance to heat (safe 
limit. constant temp.) “cm 
ThermaI coef. expansion per “C 

25100°C 
25400°C 

Thermal conductivity W/m°K 
25°C 

300°C 
500°C 
800°C 

Volume resistivity Ohm-cm 
2YC (77OOF) 

100°C (212oF) 
300°C (572OF) 
5ooT (932T) 

700°C (1292OF) 
900°C (1652OF) 

Dielectric strength* volt/mil(kV/mm) 
Dielectric constant, 25°C 

1tolOOHz 
lMH2 to 100MHz 

Dissipation factor, 25°C 
1MHz to 1OOMHz 

Loss factor, 25’C 
1Hz to lOOMH2 

Value 

c373 14 to 18 
__ 2.0 
_- 0.072 
-_ 13.85 
__ light brown 
__ 6 

(X4-26 (X4-35 1625 (2957) 

*60 Hz AC, test disc l/4 in. thick. 

PROPERTIES 

-- 

>1014 
>1014 

6.0 x 10” 
4.6 x 109 
1.7 x 108 
1.1 x 10’ 

D149 50 (2.0) 

D66742T 55 
D150 5.5 
D150 

0.0002 
66742T 

0.001 

-- 1300 (2372) 
__ 

8.9 x lo-6 
10x106 

c408 
5.8 
3.9 
2.9 
2.4 

Table 1 -- ROOM TEMPERATURE MECHANICAL PROPERTIES 
ASTM Test Number unit Value 

Tensile strength - 
Compressive strength cm 
Flexural slrengtb c369 
Impact resistance charpy ~2% 

psi (Mpa) 
psi (MPa) 
psi Wa) 

in.-lb (Nm) 

2500 (17.3) 
lOOO( 6.9) 
moo(35 ) 

1.9 (0.21) 



Shaping: 
Conventional pressing or hydrostatic pressing or extrusion 
may be used. 

Firing: 

AlSiMag@ 222 is ready for use directly after shaping. 
Firing is not required. This eliminates cracking problems. 

Machining: 
Almost any conventional machining process can be used 
with AlSiMag@ 222. The material is quite abrasive, how- 
ever and tungsten carbide tipped tools are used for turning 
and milling. When only a small number of pieces are to be 
drilled or tapped, steel tools can be used with frequent 
grinding as necessary. Slow drilling and tapping speeds 
reduce tool wear and yield smoother finishes. Cutting of 
plates and rods can be done with thin abrasive wheels. 
Surfacing can be done with abrasive paper or grinding 
wheels. Filing is not practical. Machining and surfacing 
should be done without the use of liquid lubricants or 
coolants. 

General Characteristics: 
AlSiMag@ 222 is machinable. This ceramic is porous and 
if it is to be used under high-frequency ac conditions, it 
must be impregnated. This can be easily accomplished by 
immersion in molten wax of high dielectric quality or by 
impregnation with solutions of wax or suitable organic 
reSillS. 

Forms Available: 

Consult with the producer. 

Applications: 

Insulators,fumacepartsforhigh-temperatureservice,proto 
type modelling. 

Producer: 

AlSiMag Technical Ceramics, Inc. 
Division of Ceramx 
P.O. Box 89 
Laurens, South Carolina 29360 



SILICON NITRIDE SN-220 =%it-: 
Cer-4 

- DIGEST- DATA ON WORLD WIDE METALS AND ALLOYS 
JULY 1990 

SILICON NITRIDE SN-220 
(Engineering Ceramic) 

SILICON NITRIDE SN-220 has found its niche in industrial applications in engine and gas turbii components. It has 
exceIlent high-temperature strength and thermal shock resistance. 

Chemical Chmacterkatkm: 
SILICON NITRIDE SN-220 is a sintered !%$I4 silicon nitride ceramic. 

PROPERTIES 

Physical Properties: 
color 
Specific gravity 
Water absotption. 5% 
Thermal coef. expansion (40-4OCPC)/T 

(40-800°C)pc 
Themal conductivity (At room temperature) 

cal/cm*sec-“C 
W/m-K 

Specific heat (At room temperature), cal/gT 
Heat shock resistance*, OC (OF) 
Volume resistivity (at room temperature), ohm-cm 

*Flexural strength unaffected by quench up through 
this temperature. 

Mechanical Propertles: 
Flexural strength (4-point bending) 

ksi @Pa) At room temperature 
At 800°C (1472T) 
At 1000°C (1832°F) 
At 12OOT (2192°F) 
At 1300°C (2372’F) 

Fracture toughness, Kit, MPa-mlR 
Modulus of elasticity*, psi 

Poisson’s ratio (Room temperature) 

Black 
3.2 

0 
2.6 x 106 
3.2 x 106 

0.05 
21 

0.16 
550(1022) 

lOi 

WW 
87(6OQ 
74(510) 
47(323) 
17(117) 

5.7 
43x106 

294x103 
0.28 

*Average of compression and tension modulii. 
Compression modulus is about 2% greater than tension modulus. 



General Characteristics: 
Silicon Nitride SN-220 has excellent mechanical 
strength at high temperatures. It possesses high heat 
shock resistance. It has excellent resistance to wear 
and chemical corrosion. It has low specific gravity. 

Applications: 
Ceramic gIow plugs, swirl chambers and turbo rotor 
diesel and gasoline engine components are in com- 
mercial production. Automotive pistons, cylinder 
liners and fuel injectors fabricated from silicon ni- 
tride are being evaluated. Silicon nitride is widely 
used in fixtures, spindles and ball screws for machine 
tools and welding nozzles where heat shock resistance, 
fracture toughness and wear resistance are require- 
ments. 
This engineering ceramic is ideal for foundry use in 
pmcessingmoltenaluminum andzincandtheiralloys 
whose melt temperatures are in the range of 12OO’F 
and 800°F (650 and 425T) respectively. 

Producer: 
Kyocera America, Inc. 
San Diego, California 92123. 



SILICON CARBIDE SC-221 =i%?‘= cer-5 

- DIGEST- DATA ON WORLD WIDE METALS AND ALLOYS 
JULY 1991 

pi&&hsdby: ABDylngal.bbcI2014779161 
27CnnMdStma,~NJ.O7CW/USA 

SILICON CARBIDE SC-221 
(Engineering Ceramic) 

SILICON CARBIDE SC-221 is a beta-phase silicon carbide made from the pmssureless sintering method. It possesses 
excellent mechanical strength at high temperature (4-point bending strength of 7lksi [490 MPa] at 14OOT [2552QFJ). 

Chemical Characterization: 
SILICON CARBIDE SC-221 is a sintered beta Sic ceramic. 

Table 1 - PHYSICAL PROPERTIES 
Color 
specific gravity 
Water absorption. % 
Thermal coef. expansion/T (404OOT) 

(40-800°C) 
Thermal conductivity (@ room temperature), 

cal/cmwc*“C 
W/mmK 

Specific heat (@ room temperature), ca&T 
Heat shock r&stance, “C (OF)* 
Volume resistivity (@ room temperature), ohm-cm 

*Flexural strength unaffected by quench up through this temperature. 

Table 2 - MECHANICAL PROPERTIES 
Hardness, Rockwell A 

Vickers/5OOg load, GPa 
Flexural strength, ksi @Pa) @ room temperature* 

@ 1400°C 
FlZUXtUetoughness,MPa~ 
Young’s modulus of elasticity, psi x 106 (GPa) 
Poisson’s ratio (@ room temperature) 

*4-point bending (JIS R 1601) 

Black 
>3.0 

0 
3.9 x 1w 
4.4 x 1w 

0.17 
71 

0.16 
350 @a 

lo) 

94 
20 

71(49O) 
71(490) 

3.4 
54 (372) 

0.16 

General Characteristics: 

Silicon Carbide SC221, a beta phase ceramic, is made by 
pressureless sintering. It maintains its room-temperature 
flexural strength of 7lksi (490MPa) to 1400°C (2552’F). 
Its Vickers hardness 500 g load) is just over 20 GPa, 
slightlygreaterthanthatofsiliconniaideandapproaching 
that of single crystal sapphire (22.5 GPa). It has high 
themud conductivity at room temperamre. Its corrosion 
resistance is excellent 

Applications: 

Mechanical seals, plungers and cylinders for pumps; gas 
turbine components and measuring equipment Extures at 
service tempemmres above 13oO’C (2372OF). 

Producers: 

Kyocera American, Inc. 
San Diego, Califomia 92123. 



AN 08 

Filing code: Cl-40 

ALMAMTE WSH Cast Iron 

MAY 1973 

DIGESTa - DATA ON WORLD WIDE METALS AND ALLOYS 
Psbhbed by 

Engineering Alloys Digest, Inc. 
Upper Montclair. New Jersey 

ALMANITE* WSH 
(AbresiorrResistmt Austenitic Cast Iron) 

ALMANITE WSH is an austenitic nodular iron possessing superior tensile strength, toughness and ability to work harden under 
conditions of severe pounding impact. It is recommended for crusher liners, hammers, grinding balls, etc. 

*ALMANITE is a registered trademark of the Meehanite Metal Corporation. 

Composition: Physical Constants: (Approximate) 

Carbon 3 A-3.6 
Manganese 5.0-9-o* 
Phosphorus 0.06 max. 
Sulfur 0.02 max. 
Silicon I .8-2.0 
Aluminum 1.5-2.0 
Nickel Optional** 
Iron Remainder 

Density, Ib/cu in. 
Specific gravity 
Melting point, oF 
Specific heat, Btu/lb/oF (3000F) 

(156OoF) 
Thermal coef. expansion/oF (7(18OOoF) 
Modulus of elasticity, psi (Tension) 
Modulus of rigidity, psi (Torsion) 

*Manganese varies with section thickness. 
**Nickel may replace manganese up to 50% on 

a weight basis, especially in heavy sections. 

PROPERTIES 

Table 1 - TYPICAL MECHANICAL PROPERTIES - Castings 
(As-Cast Condition) 

Tensile strength, min, psi 
Yield strength (0.2% Offset), psi 
Elongation ( 2 in.), % 
Brine11 hardness 
lzod impact, ft-lb 

(1.2~in. bar, smooth, no notch) 

100000 
75000 
4-10 

350-500 
up to 120 

Heat Treatment: 

As-cast ALMANITE WSH. before the following heat 
treatment (anneal). may be partially rnartensitic and will 
often contain a relatively large proportion of fret 
carbide. 
Annealing: Heat to 125OoF. soak I hour per inch of 
thickness. transfer to a furnace at llK)OoF and hold until 
entire casting has reached this temperature. then quench 
in brine. The structure is now austenitic with nodular 
graphite but no carbides and is used In this condition. 

Machinability: 

Machining of ALMANITE WSH is extremely difficult 
and follows the procedure used for austenitic manganese 
steels. The customary practice is to fintsh grmd wherever 
possible. 

0.275-0.282 
7.6-7.8 

2200 
0.13 
0.16 

9.75 x 10-6 
24x106 
to x 106 



Castability: 

ALMANITE WSH has very good castability. Because it is 
generally heat treated before being placed in service, it 
can be cast without chilling and this allows substantial 
economies in the foundry. 

Cleaning: 

Mold materials and scale can be removed by blasting. 
Acid pickling is not employed for cleaning. 

General Characteristics: 

ALMANITE WSH is an abrasion-resistant austenitic 
nodular cast iron possessing superior tensile strength, 
toughness and ability to work harden under conditions 
of severe pounding impact. It has the same basic 
characteristics as austenitic manganese steel, but it has a 
much higher yield point and lower elongation. It has 
good castability and poor machinability, but can be 
finish ground readily. It is recommended and used where 
shock and stresses in service are unusually severe. 
The outstanding feature of ALMANITE WSH is its 
excellent combination of properties, namely: lzod im- 
pact value of 120 ft-lb, minimum tensile strength of 
100,000 psi, yield strength of 75,000 psi, and elongation 

as high as 10%. A maximum Brine11 hardness of 500 can be 
developed by work hardening. 

Forms Available: 

Castings. 

Applications: 

Rock crusher liners, impact hammers, crusher jaws, 
wearing blades, dredge buckets, dipper teeth caps for 
teeth of landclearing rakes, pulverizers and all types of 
rock-handling equipment. 

Manufacturer: 

Meehanite Metal Corporation 
White Plains. New York 10604. 



All 
Filing Code: Co-1s 

UNITEMP L-605 
Cobalt Alloy 

Or 

FEBRUARY 1959 

DIGEST -DATA ON WORLD WIDE MnAW AND ALLOYS- 
Pfdhbd by 

Engineering Alloys Digest, Inc 
Upper Montclair, New Jersey 

UNITEMP L-605 
(High Temperature Alloy) 

UIUITEMP L-605 is a cobah-base alloy having the highest strength at high temperatures above about 1600°F. It is used 
only where high stresses exist at the upper end of the temperature range of 1700’ to 2000°F. 

Composition: physical Constants: 
carbon 0.05 - 0.15 specific gravity 9.20 

t!iEfY= 
1.00 - 2.00 Density, Wcu. in. 0.333 
1.00 max. Melting point, “F. 2570-2620 

Sulphur 0.030 max. 
Phosphorus 0.040 max. 

Thermal coef. expansion, in$$;/r&.; 10-6 

ChOllliUm 70-1000+ 
7.61 
8.31 

Nickel 
l;Of&-:;.~; 

Tungsten 14:OO: 16:00 
70-1500°F; 9.08 

Iron 3.00 max. 
Thermal conductivity. BTU/ft*/iytbrrOi 

comt Eemainder 800+. 
1200°F. 

;tj 

Speciik heat, BTU/lb/‘P, (70-212°F.) 0.090 
Modulu.5 of elasticity, p$ ;oo’lF 

at lOOO+?. 
35.3 
28.5 

at 18OO’F. 21.45 

PROPERTIES 
(AU data developed on specimens beat rreated prior ro testing by annealing ar 2150-2250°F. followed by rapid cooling. Specimens held at 
temperature a minimum of 30 minum prior to srart of rest) 

Table 1 -IMF’ACT STRENGTH 

1600 120 
1800 105 

Table 2- HOT HARDNESS 

Tesc TT=- . i!z52 
70 

1E 
2; 

1200 B76 

Table 3 - TENSILE PROPERTIES* 

Type Test 

Charpy-V norcb 

Test 

TTy- 

loz 

:z 
1500 

1600 

LJ1timat.C 
St.-@ 

16Eoo 
130600 

?E 
55300 

Yield 
Strength 

psi (0.2%) 

85800 53900 

54900 
ii!! 

1800 29200 27500 2 
l Test qxcimcm taken from 0.062” sheet product. 

Table 4 - STRESS TO RUPTURE STRENGTH* 

RockweII 
Hardness 

c24 

Tesc T??= Sccess. psi to Produce Rupmre in 
10 brs. 100 brs. 1000 brs. 

1200 58000 47500 39000 
1500 28000 21000 16000 

1600 25000 15500 9800 
1700 17000 10000 E% 1800 9700 6500 

l Test specimens taken from 0.040” and 0.062” sheet product 

10000 hrs. 
32000 
12000 

%i 
- 



Table S-SECONDARY CREEP RATES* 

Ten TT-= 
Stress, psi for Minimum Creep Rate of 

. 0.0001%/hr. 0.00001%/hr. 
1500 
1600 ‘:E Ei 
1700 1800 ;%z ;El 

l Specimens taken from 0.040” sheet product. 

Table 6-FATIQUE STRENGTH 

Tesr TT-- 
Endurance Limit, psi 

108 cycles 
1200 
1400 %iE 
1600 47000 
1800 20000 

Table 7- SJIUZSS RELAXATION 

initial stress 
pai 

Residual Stress. psi after 
100 hrs. 1000 ha. 

1050 42000 
1200 :iE 19400 ::E! 
1350 25000 14000 12500 

Heat Treatment: Weldability: 
Solution AnneaI: Heat at 2200-2250”F., cool rapidly in air 

to approsimately 230 BrineII. 
Aging Treatment: Age-hardening tendencies are noted after 

exposure to temperatures in the 1600-1900°F. range, ac- 
companied by some loss in ductihty. 

Machinabiiit7:* 
Machinable with high-speed tools using low speeds and small 
depth of cut, and easily machined with tipped-carbide tooIs. 
Suggested tool angles for single point high speed steel cutters 
are 4-5 deg. front and side relief, O-8 deg. back rake, 8 deg. 
side rake, 15-30 deg. side cutting-edge angIe. 10-15 deg. end 
cutting-edge angle, and l/32 - l/16 in. nose radius. Carbide- 
tipped tools may have a nose radius of l/32 in. or less. 
In driIIing. high speed steel drills ground to an inchtded angIe 
of 135-140 deg., a de.arance angle of 10 deg., and a web 
thinned to about l/3 of the web thickness of the standard 
drill are recommended. It is advisable to keep as much pm- 
sure as possible on the drill at aII times and to make certain 
the *ill is kept-sharp. Cutting fluids are required for all 
eiug operauons. Coolant should aIso have a lubncant 

Best results are reahzed in the annealed condition. The tech- 
niques and equipment used for austenitic stainless steels can 
be used, however, machining is more difficuh. Sharp tools. 
positive cuts, slower feeds and speeds, and a rigid tool setup 
are nectssarg requisites because of Fe strong nndmq of thts 
ahoy to strain harden during machmmg. (Universal Cydops) 
l Woldman % Gibbons: hIachinabiIity and Machining of 

This alloy has good welding dmracteristia and weldments 
can be made by conventional met&c arc and resistance 
methods. Restraint during welding should be kept to a 
minimum to avoid strain cracking in the weld area Annesling 
after welding is recommen ded. Brazing can aho be carried 
out satisf~rily. 

Corrosion Resistance: 
Hi& resistance ro ding and oxidation at elevated temper- 
atures. Alloy shows particularly good qualities under extreme 
oxidizing conditions. Exceilent resistance to chemical oxidizing 
agents. Rxtraordinary resistana to hydrochloric and nitric acids 
at certain conoxurations and temperatures. Resistance to sah 
spray corrosion is very good. 
L-605 has excellent resistance to the hot corrosive atmos- 
pheres encountered in jet engine operation. Resistance to ori- 
clarion is good for intermittent service up to 1600°F. and 
contimous service up to 2OOO’F. 

Specification Equivalents: 
M 5537 and 5759 

Mends. 

Workability: 
Due to irs high aRoy content, it is “stiffer” at forgins tem- 
peratures than the 300 series srainks.s steels. Recommended 
hot working range is 2250°F. (furnace setting) start and 
1850°F. 6nish. Below 185O’F. it is di&uh to work. NeutraI 
or sIightIy oxidizing aanospheres should be used and heating 
q&s adjusted to allow for su&ient soak prior to forging. 
Rate of cooling from the forging operation is not criticA and 
an air cool is most generally used. It has excellent ductihy at 
room temperature, and sheen can be readiIy formed in bend- 
ing? stamping, drawing, and spinning. It work hardens very 
rapidly. Frequent “in process” anneals are generaIIy requrred 
to restore ductihy lost by cold working. In some severe 
forming operations it has been found expedient to preheat the 
material to around 450°F. 

General Characteristics: 
Unitemp L-605 is a cobalt-base high-temperature alloy which 
was developed to provide good oxidation and corrosion 
resistance as well as high suength properties under service 
conditions at elevated temperatures. Considered primarily a 
“solution hardened” material, its cobalt base is alloyed with 
chromium, nickel and tungsten. In most applications it is used 
in the fuIIy anneaIed condition Its structure is austenitic 
under aII conditions. It has high resistance against mechanical 
and thermal stresses, and has excellent hot ductility. 

Forms Available: 
Sheet, strip, bar, and forging sto& 

Applications: 
Parts in the afterburner and other hot sections of the jet 
engine. Support rings, burner liners, exhaust cone assemblies, 
nozzle diaphragm vaIves, high temperature vaIves and springs, 
gas turbine rotots and buckets. Highly stressed pam that must 
operare at high temperatures. 

Manufacturer: 
UniversaI CycIops Steel Corporation 
Bridgeviiie and TitusviIIe, Pennsylvania 



ULTIMEP ALLOY 
Filing Code: 
Cobalt Alloy 

MARCH 1993 

- DIGEST- DATA ON WORLD WIDE METALS AND ALLOYS 

P- ULTIMETTM ALLOY 
i’ddishdby: AloyD@mt. lnc1201477-6161 
27CardWdStmWSae*.~.NJ.07060/U.SA 

(Improved Co-Cr-Mo Cobalt-Base Alloy) 
uL= alloy is a cobalt-base kxrosion-wed alloy that compares with HASTELLOY@ alloys in corrosion and resistance to STELLITEe 
alloys in its wear retdame. It is available as both wrought and cast products. 

UIXIMET is a tmdemark of Haynes International. Inc. 

Composttion, Nominal Wt., %: Physical Propertles: 

chromium 26 Density 0306 lbs/in” 
Nickel 9 Coefficient of expansion See Table 1 
Molybdenum 5 Modulus of elasticity See Table 2 
Iron 3 
Tungsten 2 
Carbon 0.06 
N 0.08 
Si 03 
Mn 0.8 
Cobalt Bal. 

PROPERTIES 
Table 1 - MEAN COEFFICIENT OF THERMAL EXPANSION 

Temperature Range 
“C “F 

- - 
26-38 78-100 
26-93 78-200 
26-149 78-300 
26-204 78-400 
26-260 78-500 
26427 78-800 
26-593 78-l 100 
26-760 78-1400 
26-927 78-1700 

Coefficient 
pm/m-T pin/ii/OF 

12.8 7.1 
13.0 7.2 
13.2 73 
13.5 75 
13.8 7.7 
145 8.0 
14.9 83 
15.9 8.8 
16.7 93 

Table 2 -MODULUS OF ELASTICITY 

Tempetature Modulus of Elasticity* 
T “F 106 psi GPa - - 
RT 332 229 
38 100 33.1 228 
93 200 32.6 225 

149 300 31.9 220 

E 
400 312 215 
500 30.6 211 

427 800 28.6 197 
593 lluo 26.8 185 

*Bar 12.7 mm, 0.5 in. 

Table 3 - MECHANICAL PROPERTIES 

Tensile Properties 
condition UTS (Ksi) YS (I&i) Elongation (%) 

Annealed 149 82 355 
healed + lOOO”F* 151 77 44.2 
Annealed + 1200°F 152 76 45.1 
Annealed + 1400°F 144 75 26.6 
Annealed + 1600°F 144 75 29.5 
AImeded + 1800°F 149 74 39.8 
*IO0 hours aging time at tempemurc prior to room temperature tensile test 

HARDNESS 
COIIditiOII Rockwell 

Mill annealed c-30 
+ 10% cold mductian Cd0 
+ 20% cold reduction c-43 
+ 30% cold reduction c-47 
+ 40% cold reductim c49 

Table 4 - ROOM TEMPERATURE TENSILE PROPERTIES 

0.2% YS offset UTS Elongation 
Condition MPa (ksi) MPa (ksi) A -- -- - 

Mii Annealed Plate 547 (793) 1019 (147.8) 36.0 
Investment Cast 392 (56.9) 773 (112.1) 34.7 
All Weld Metal 
As Welded (GTA) 652 (94.6) 917 (133.0) 103 
Annealed (GTA) 487 (70.6) 831 (120.5) 12.9 
As Welded (GMA-S*) 584 (84.7) 851 (123.4) 17.9 
Annealed (GMA-S) 464 (673) 827 (119.9) 21.5 

*Spray mode 

Table 5 - LOCALIZED CORROSION: PITTING 

Critical Pitting Temperature 
11.5%HgS0,+1.2%HCl+1%FeC~+1%CuClg 

24 Hours 
Temperature* 

Alloy “C OF 

c-22m alloy 120 248 
ULTIMET alloy 120 248 
alloy C-276 110 230 
alloy 625 75 167 
alloy 6B” 45 113 
2OCB-3’= alloy 30 86 
316L Stainless 25 77 

*Temperature at which pitting is initiated 

Machinability: 
ULTIMET alloy can be successfully turned, drilled and milled provid- 
ing appropriate. IO&Q and parameters are employed. The alloy pos- 
sesses high suength. and therefore nxists metal removal. B also wok 
hardens rapidly from a hardness of approximately 30 HRC. in Ihe 
solution annealed cunditicm. to approximately 40 HRC. a&r 10% cold 
reduction. The alloy is most easily machined in the solulion annealed 
conditial. 
Consult producer for additional advice on machines and tooling PC- 
tia. 
The following machine parameters are lrxcmmmded for ULTIMET 
SdlOy: 
Turning: 
o Carbide (not high speed steel) tools arc recommended 
o Surfaa Speed: 0.30 to 0.35 m/s (60 IO 70 ftjinin) 
o Feed Raw: 0.13 u) 0.25 mm (0.005 LO 0.010 in) per ~~olwion 
“Depthofcutforroughiag: 1.31o25rnm(O.OStoO.1Oin) 
a Depth of cut for finishing: 0.25 10 0.38 null (0.010 to 0.015 in) 
Drilling: 
’ Catbide tipped or high speed steel drills aIc recommended 
’ Surfaa Sped: 

-High speed aeel Drills: 0.04 IO 0.05 m/s (8 IO 10 f&/mill) 
-CarbideTippedlXlls:0.15to0.18m/s(3Oto35ft~) 



Elevated Temperature Tensile Properties 

Industrial Test 
Phosphoric Acid Slurry 

o Feed Rue: 0.1 mm (0.004 in) per mvolutiar fur drills of 6.4 mm 
(0.25 in) diameter and gmrer 

o 13s” included angle an point 
oWCb6XIlbCllIiIUlCdtOKdUCCthNSI 
Mlllhg: 
oCarbide(nothighspeadstecl)endmillsaremcommarded 
0CasbideEndMillSurfaaSpaed:0.12to0.15m/s(2Sto30ftAnin) 
“FecdPertooth 

-Glner di- helow 19 mm (0.75 in): 0.05 mm (O.Ou2 in) feed 
Cutter diameter above 19 mm (0.75 in): 0.08 mm (0.003 in) feed 

Weldability: 

ULTIMET alloy possesses excellmt weldability, is resistant to hot 
cracking. and is fabricated using standard welding pmuadums. Sound 
welds am dy achieved when good welding prxtices am observed. 
These iucludc joint preparation and cleaning prior to welding. Pmhaat- 
ing is not rquid. Weld iumpe.s tunpemures should be kept below 
93°C (200°F) when possible. All other established practices for weld- 
ing solid solution strengtharcd cobalt-base alloys such as HAYNES 25 
and 188 alloy should be followed. These include avoiding ammmina- 
timoftheueatobeweldedwithcopper,.cithnfromcopperjigs~ 
iixnms. or fmm he use of copper-wins &a&g brushes. Stamless 
SIeeJ-wire bmsks are reonmnauled for imerpass cleaning. ULTIMET 
weld metal possesses limhd mom tunpaature ductility. For weld 
praxdum davclopmm~ however. a 3T longimdinal band test should 
produa acceptable results. Furthermore, if cold forming of a weldmcnt 
is necessary. where the band radius will be quivalast to less than 4T. 
sohuioapnneJinguIlu)oc(2o5ooF)fallowcdbywatcrquenchingis 
mcmImaldedpliortofoiming. 

General Charadsrlstka: 

‘Ibe alloy was daigned to resist erosion-wrrosim (eanbined mecbani- 
crlmdchrmial~~).Itisricbin~mdrharrsmrnyof 
thewurchrrracriffigofIhc~rllays.Atthesrmetimc.by 
calIrolofcarbmanduIe!iIlselecIionofctlranimq mdybdanrm. 

30% MgCI,, 118°C (244°F) 

andtungstenlevcls.manydthemo6tco~ msistmt llickel-hese 
pmpetties have been attained. The alloy performs weIl under most 
wear amditiws. particularly IO caviLation emsioq slmy eIosion. and 

8&8. 

Forms Available: 

Bar. billet. plate. sh#t. wire. weld products. casting, and powder. 

Applications: 
Agitator in fertilizer manufacturiug. baghuuse straps and filter scmars 
and impaa plates in waste traatmcn~ blower shafts, bolts, buma rips, 
fan shati and blades, nozzle. prmp bushing, pump spool, screw can- 
vcyor. valve body, and wiper blades in chemical pmcessing; cam and 
holu in pulp and Paper blaaching: galvanizing rolls in metal Snishiq; 
griudcr wear inserts in sewage treatmarS mixer shafts iu food and 
pharmaccutiul. mold and plunger in glass man&cturing; nozzhss and 
pump waar plates in flue gas desulfurization; scraper blades in glass 
processing; shredder inserts in nuclear waste trcafmen~ valves in ma- 
rine; valve stem overlays in oil and gas; wear shields-fans in fibe&ass 
manufacture and weirs in incinerator scrubbers. 

Speclficatlon Equivalents: 

UNS R31233 
DIN CuWXX9MoSW 
Werksloffe Nr.24681 
ASTM B815. B818 
ASME Coda Case 2121 
Now C-22,6B. HAYNES and HASTELLOY am m&marks of Hayncs 
lnte~Inc.STELLITBisaeDdanvL of lllamadyna D&r0 
Stel&lnc.2OCB-3iaaldenmk of Carpenter Technology Gxpo- 
latioll. 

ROdUOW: 

Haynes Intcmational. Inr 
Kakcmo. IN 469049013 

8aI-3s4XBo6 



Co-95 

TM dki!St& Revised February 2004 - DIGEST m DATA ON WORLDWIDE METALS AND ALLOYS 
Copyright@ 2w4, ASM //?fernatlone/@. All rlghts 
resetwd. Data shown am typical, not to be 
used for specitication or final design. 

Published by: ASM hternatlonal 
Materials Park, Ohio 44073-0002 
440-338-5151 Mem-ServOasmlnternational.og 
Fax440-33B-4834 www.asminternational.org 

INCONEL@ ALLOY 783 
(Age-Hardening Nickel-Iron-Cobalt Superalloy) 

Inconel Alloy 783 is an oxidation-resistant, low-expansion, Ni-Co-Fe alloy with other additions. The alloy is a three-phase aging alloy that is 
of interest for close-clearance control components in the aerospace industry. 

Inconel is a registered trademark of the Special Metals Corporation group of companies. 

Chemical Composition, wt.%: 
Nickel 
Chromium 
Iron 
Niobium 
Boron 
Titanium 
Aluminum 
Carbon 
Manganese 
Silicon 
Phosphorus 
Sulfur 
Copper 
Cobalt 

26.0-30.0 
2.5-3.5 

24.0-27.0 
2.5-3.5 

0.003-0.012 
0.1-0.4 
5.0-6.0 

0.03 max 
0.50 max 
0.50 max 

0.015 max 
0.005 max 
0.50 max 

bal 

Physical Properties: 
(Age-Hardened Condition) 
Density, kg/m3 ( lb/ i r~.~ ) 

Specific heat capacity, 25 "C 

See also Table 1. 

7810 (0.282) 

455 (0.109) 
Melting range, "C ( O F )  1336-1407 (2437-2565) 

(77 O F ) ,  J k g  . K (Btu/lb . O F )  

Mechanical Properties: 
See Tables 2 and 3. In the age-hardened condition, this alloy has 
high mechanical properties at room temperature and retains 
much of its strength at temperatures to about 704 "C (1300 O F ) .  
All mechanical properties given here are for the standard heat 
treatment given below. 

Heat Treatment: 
Solution anneal at 1121 "C (2050 O F )  for 1 h, air cool, beta age at 
845 "C (1550 OF) for 4 h, air cool to room temperature, age hard- 
en at 720 "C (1325 OF) for 8 h, furnace cool at 55 "C/h (100 "F/h) 
to 620 "C (1 150 OF), and air cool. 

Fabricability: 
This alloy has good fabricability and can be formed, machined, 
and welded by convention procedures used for nickel alloys. It 
behaves similarly to Inconel alloy 718. 

Table 1 Mean Coefficient of Linear Expansion (Age - 
Hardened) 

Coemcient of thermal expansion 
Temperature between 21 OC (70 OF) and temperature 

"C "F 10-W 10-6PF 
93 200 10.08 5.60 
149 300 10.19 5.66 
260 500 10.33 5.74 
37 1 700 10.51 5.84 
427 800 10.94 6.08 
538 1000 11.83 6.57 
649 1200 12.87 7.15 

Inflection point equals 416 O C  (780 OF). 

Table 2 Dynamic Modulus of Elasticity, Shear Modulus, and 
Poisson's Ratio (Age Hardened) 

Temperature Young's modulus Shear modulus 
"C "F GPa 106psl GPa 106psi Poisson'sratlo 
21 72 177.3 25.72 67.8 9.83 0.31 
260 500 172.4 25.01 65.4 9.49 0.32 
538 loo0 163.8 23.76 62.8 9.11 0.30 
816 1500 142.2 20.62 55.9 8.11 0.27 
927 1700 128.7 18.67 49.8 7.22 0.29 

Table 3 Mechanical Prooerties (Ace Hardened) 
Reduction of Temperature Yield strength Tensile strength 

'C T MPa ksi MPa ksi Elongation, % area, % 
21 70 779 113.0 1194 171.0 24 44 
427 800 717 104.0 1076 156.0 25 42 
538 loo0 686 99.5 1034 150.0 25 46 
649 1200 683 99.0 979 142.0 28 39 
704 1300 607 88.0 807 117.0 39 64 

Hot Forming. The temperature range for hot forming Inconel 
alloy 783 is 927-1121 "C (1700-2050 OF). Alloy 783 works like 
alloy 718, but is a bit softer at high temperatures and begins to 
stiffen quickly as temperature drops below 927 "C (1700 O F ) .  

Forging. For initial forging ingots are heated to 1121 "C 
(2050 OF) and finished to 8 in. diam billet at 1038-1066 "C 
(1900-1950 O F ) .  For intermediate forging, heat billets to 1038 "C 
(1900 O F )  with a final reheat from 982-1010 "C (1800-1850 OF). 

Machinability: 
This alloy is machined by conventional practices for high- 
strength nickel alloys. Rough machining should be done with the 
material in the annealed condition. 

4537 
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Fig. 1 Cyclic oxidation. Weight loss for Inconel alloys 783, 718, and 
Incoloy alloy 909 after 704 "C (1300 OF) cyclic oxidation tests (60 min in, 
20 min out) 

Corrosion Resistance: 

Figure 1 provides a comparison of the cyclic oxidation resistance 
of various Inconel and Incoloy alloys. The oxidation rate of alloy 
783 is slightly greater than alloy 718 at 704 "C (1300 OF). The 
results of salt fog testing to ASTM B 117-85 for duplicate tests 
shows the alloy with a corrosion rate approaching those of alloy 
71 8 and superior to alloy 909. The end-grain pitting observed on 
one alloy 783 specimen, but not the other, indicates marginal 
resistance to pitting on surfaces perpendicular to the worked 
direction. 

Specification Equivalents: 

UNS R30783 
AMS 5940 (forging billet) 

General Characteristics: 

Inconel alloy 783 is covered under Patent 5,478,417 and is an 
oxidation-resistant, low-expansion Ni-Co-Fe alloy with other 
additions. The alloy has excellent resistance to oxidation, as 
demonstrated in cyclic tests, at temperatures up to and beyond 
704 "C (1300 OF). It has resistance to SAGBO (stress- 
accelerated grain-boundary oxidation) comparable to that of 
alloy 718. Inconel alloy 783 has a density of 7810 kg/m3 
(0.282 l b / i r ~ . ~ ) ,  which is 5% less than 718 and contributes to an 
important potential improvement in strength to weight ratios. 
The alloy has better impact resistance and stability than alloy 
909 at up to 704 "C (1300 OF). Manufacturing and processing 

and less 
limiting than those of alloy 909. 
Inconel alloy 783 is a low coefficient of thermal expansion super- 
alloy strengthened by precipitation of y' (ordered FCC) and p 
(BCC) aluminide phases in a Ni-Co-Fe-based austenitic matrix. 
The low-expansion characteristics arise from the ferromagnetic 
nature of bonding between nickel, cobalt, and iron atoms. Low- 
expansion alloys of this type are limited in their capacity to con- 
tain chromium for oxidation resistance because increasing 
chromium lowers the Curie temperature, thus raising thermal 
expansion over a range. Alloy 783 achieves resistance to general 
cyclic oxidation and stress-accelerated grain-boundary oxygen 
embrittlement primarily through an aluminum addition sufficient 
to produce a three phase (y, y', p) microstructure. The formation 
of p during processing enables fine grain sizes to be achieved 
with relative ease. Proper heat treatment partially re-solutions p 
at a relatively high temperature, then reprecipitates p intergranu- 
larly prior to the final aging step. The aging treatment produces 
intergranular y' for strength. The resulting microstructure pro- 
vides high strength, good notch ductility, and slow static crack 
growth rates at elevated temperatures in air. The unique 
microstructure and overall high aluminum content impart excel- 
lent overall oxidation resistance to the alloy. Stability, after long 
time exposure at elevated temperatures, is good. 

Product Forms Available: 

This alloy is available as forging billet to AMS 5940 and as rod 
and bar for machining. Extruded sections and wire rod are avail- 
able, and sheet is under development. 

Applications: 

This alloy is of interest to aircraft gas turbine engine designers 
and materials engineers for containment and clearance control 
components such as rings, casings, shrouds and seals for com- 
pressors, turbines, and exhaust systems. 

Producer: 

USA: 
Special Metals Corporation 
Huntington, WV 25705 -1771 
(304) 526-5100 
(800) 334-4626 
(304) 526-5643 (fax) 
United Kingdom: 
Special Metals Wiggin Ltd. 
Hereford HR4 9SL England 
+44- 1432-382200 
+44-1432-264030 (fax) 

ISSN: 002-614X CO-95B 
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CALCARB” 
(High-Temperature Carbon Fiber-Carbonized Resin Composite) 

CALCARB* is a rigid, high-temperature composite made f+om discontinuous lengths of carbon fibers, vacuum formed and 
bondedbyacarbokdresin.Itisadarively strong, high-puritycarbonmaterialwith low bulkdensitythat isreadilymachinable. 

*CALCARP is a registered tdemark of calcarb, Inc. 

Composition (Typical): Physical Constants: 
processedat F?lxessedat Density, g/cc, standard 0.18 

1800°C 2OOOT per customer requirements O-13-0.25 

99.997% 99.998% 
Thermal conductivity*, WlcmPK (At 100°C) 0.00096 

0.3% 0.11% (See also Fig. 1) (At 1000°C) 0.00172 

Spectrographic analysis of ash, ppm. 
(At 2000°C) 0.00359 

Silk& 310 60 
Thermal expansion, in/in. x 10-’ (At 500°C) (Approximate) 1.2 

(At 1000°c) 2.2 

Nickel 
Aluminum 
Lit.hium 
sodium 
zinc 
Titanium 
potassium 
chmmium 

iiigesium 
Vanadium 

calcium 
S&OdUltl 
Barium 

260 
a 
200 
4 
<4 
4 
<4 
4 
0 
<l 
13 
<l 
4 
140 
<4 
4 

cl 
a 
125 
4 
<4 
4 
<4 
4 
4 
<l 
18 
<l 
cl 
315 
<4 
<l 

(At isooocj 4.3 
(At 2OOOOC) 16.0 
(At 25OOOC) 26.0 
(At 2750°C) 22.0 

*For heat loss data see Fig. 2 

PROPERnES 

Mechanicai Properties: 
Compressive strength, longitudinal (At room temperame). psi 179 

transverse (At room temperature). psi 83 
Compressivesrress-straindata SeeTable 1 
Flexural strength, psi >115 

Table 1 -- APPROXIMATE STRESS-STRAINTEST RESULTS. COMPRESSION 
At room tcnmemmn 

Stress, psi 25 50 75 100 125 
strain,in./ii. x lo-’ IO 30 65 170 260 

At 2600°C 

Stmss. psi 25 50 75 loo 
seain.in./ii x 10’3 48 130 24% 255 



Fig. 1 -Thermal conductivity 

Fig. 2 - Heat loss of various thicknesses 

CALCARBcanbcrcadilyshapedbysawing,drillingormachin- 
ing. Stamkd machining and sawing tokrances are f 0.100 
inches. 

Chemical Resistance: 

CALCARB has excelht chemical resistance. It exhibits low 
weuability by most liquid metals. In xulucing or inert atmos- 
phercs.CALCARBiscqableofopentingat3OOOT. 

ProtecttveTrastments: 

CALCARBcampositescanbcecatedwithColcoat*,aHoroctive 
coaringthatpreventserosionduringgasquen&ingpm=sses. 
Calcoatcanbeusedtotouchupfacesortomakerepairs.Its 
dkctive character makes it specially suited forhot-face insula- 
timlsmfaces. 
Calfoil*. a shiny, graphite finisb may be bonded to rigid CAL 
CARB material for even greater insulation efficiency. It also 
effectivelyreduceserosionanddustingduring fumaceopaation. 
Calfoil is available in various widths, lengths and thicknesses. It 
isatotallynon-toxic,99%carbonmarcrialandhasnore@able 
fibers. It has excellent thermal shock resistance and low weffi- 
cient of friction. In oxidizing atmospheres it is usabk from 
clyogulic temper- to 5OOT; ill reducing a inelt atlllos- 
pkestotem~ashighas30000C. 
l C&oiuondColfoilarevademmes of COlUVb k. 

General Characteristics: 
CAUJARBurhibiulowout-gessingintgllpaaaaesl5000C.It 
haslowvapapressllIeathightem~.Itbasexccll~t 
chemical resistance and low wettability by most liquid metals. 
CALCARB is light weight and rigid. It possesses resilience and 
toughntsspovidingfargoodservice~d~vibrationmdshock. 
ItwingivemanyyearsofreliableapaarionuptolZOOOC.Ininat 
Ptmoaphacsitiscapableofoperatingat30000C.Ithasloww~er 
&6OIbtiOIlchraactlristiCSWhiCh-shratapmnpdoarntimCS 
favacuumfumaczsaud&e4%nnfmmoxidationof~ 
pltSi.UbOthVaCUUlllQIldinat~~~ 

Forms Avsilabk 

CALCARBisoffgcdintwobasicfarms;flatboerdupto6inches 
thickandbollowcylindersto70inchODx30inchhighto3inch 
thick.Itmaybesuppliedrmcoated. Cakoated a Calfoiled 
Awidevarietyofshapesandcoofigurationscanbemoldedtosuit 
customer specifications. Design assistance is available where 

required 

Applications: 

Illdatial for sintering. heat treating and crystal growing fur- 
Mccs;fumacefixtlues. 

Producer: 

cakarbInc. 
Willingboro.New Jersey 08046 
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KEVLAFP49 Fabric and Fabric Reinforced Composites* 
(Data Involving 1 light weight and 4 medium weight fabric styles) 

I KEVLAR @49 ARAMID FABRIC AND 
I 

Filing Code: 

FABRIC REINFORCED COMPOSITES 
Composlte 

KEVLm@49 is a high-modulus para-aramid reinforcing fiber. It is the dominant organic reinforcing fiber in advanced 
composites today. It has exceptional strength and stiffness and is a low density material 

KEVLAR is the registered trademark of E I DuPont de Nemours & Co., Inc. for its high strength aramid fiber. 

Chemical Characterization: Physical Properties: 
Aramid is the approved generic designa- Density (fiber) @ room temperature, lb/cu in. (gku cm) O-052( 1.44) 
tion for an aromatic polyamide polymer. Specific heat @ 32”F(O°C), Btu/llYF(J/kg=“C) 0.292(1220) 
KEVLAR” is a para-phenyleneterpthralamide. @ 122”F(SO”C) 0.383(1600) 

@ 212”F(100”C) 0.476(1990) 
@ 302”F( 1 SOT) 0.565(2360) 
@ 392”F(2OO”C) 0.626(2620) 
@ 482”F(25O”C) 0.654(2740) 
@ 572”F(300°C) 0.679(2840) 

*For Unidirectional KEVLAR@49 reinforced composites see 
Alloy Digest Q-7, April 1990. 

PROPERTIES 

Table 1 -CHARACTERISTICS OF SOME COMMONLY USED KEVLARe49 ARAMID FABRIC STYLES 
duPont Basis Fabric Fabric Air 
Style Weight Construction Yi3ITl Thickness Permeability 
No. Weave* oW%hz) ends/‘(ends/cm) Denier 1oqnm) fP/fl?mirL** 
120 Plain 1.8 (61.1) 34 x 34 (13 x 13) 195 4.5(0.11) 213 
181 I-hamess satin 5.0 (169.8) 50 x 50 (20 x 20) 380 9 (0-m 36 
281 plain 5.0 (169.8) 17x17( 7x7 ) 1140 10 (025) 39 
285 Crowfoot 5.0 (169.8) 17x17( 7x7 ) 1140 10 (0.25) - 
328 Plain 6.8 (230.9) 17x17( 7x7 ) 1420 13 (033) 18 

*Plain weave: 1 over, 1 under 
8-hameas satinz 1 ova. 7 URdeT 
Crowfoot ( a 4-hamess satin): 1 over, 3 under 

**Frazier Precision Instrument Co. No. 248 High pressure Permeability Machine. 

Table 2 - STATIC ROOM-TEMPERATURE STRENGTHS OF KEVLARY9 FABRICS 
duPont Tensile Tongue Trap 
Style SlETlgth Tear Strength Tear SIXI@I 
No. lblin. (IN/m) lb 0 lb 0 
120 250 w 60 (267) 22 (98) 
181 700 (123) 110 (489) 56 (249) 
281 650 (114) 105 (407) 43 (191) 
285 650 (114) 
328 700 (123) 

1;o (5;) 40 (178) 
65 (289) 

*Construction too loose for testing. 

Table 3 - ROOM-TEMPERATURE COMPOSlTE FLEXURAL PROPERTIES REINFORCED WITH FABRICS OF KEVLARe49 
duPont Fiber 
style Vohrme 
No. Fraction - - 
120 0.45 
181 0.40 
281 0.40 
285 0.40 
328 0.45 

Plexural Modulus 

Warp Fill 
l@psi (GPa) lO’$si (GPa) 
4.0 (27.6) 4.0 (27.6) 
3.8 (26.2) 3.2 (221) 
33 (228) 33 (22.8) 
3.6 (24.8) 3.1 (21.4) 
33 (228) 3.3 (22.8) 

Flexurd Strength 

Warp Fill 
lO$si (MPa) l@psi (MPa) 

50 (345) 50 (345) 
50 (345) 50 (345) 
50 (345) 50 (345) 
50 (345) 50 (345) 
45 (310) 45 (310) 



Table 4 -ROOM-TEMPERATURE PROPERTIES DUPONT STYLE 181 
FABRIC OF KEVLARY9 REINFORCED COMPOSITE* 

Test Direction 
ROpXty Warp Bias (45’) 

Tensile m&us. l@psi (GPa) 45(31.0) 1.1 (7.58) 
Compressive modulus. lO’$si(GPa) 4.5 (31.0) lB(6.89) 
Shear modulus. 1-2 plane, l@psi(GPa) 03 (2.07) 3.q20.7 
Tensile strength, lO$si(MPa) 75 (517) 30(207) 
Compressive strength, l*(MPa) 25 (172) 18(124) 
Shear strength, l-2 plane. lO’psi(MPa) 16 (110) 32(221) 
Flexural modulus, 106psi(GPa) 4.0(27.6) - - 
Flexural strength, lO$si(MPa) 50.0(345) - - 
0.2% offset compressive stress. lO$si(MPa) 12 (82.7) 6.5 (44.8) 
0.2% offket flexural stress. lO$si(MPa) 25 (172) - - 

*Fiber vohne &action = 0.50 
Density = O.O481b/cu in( 133 g/cu cm) 

Table 5 - ELEVATED TEMPERATURE WARP PROPERTIES DUPONT STYLE 181 
FABRIC OF KEVLAR@49 REINFORCED COMPOSlTE 

Fiber Test 
Volume Temp. 
Fraction Matrix “F Ptuuerty 
050 350°F cure epoxy 300 Tensile modulus, l@si(GPa) 3.5 (24.1) 

350 Compressive modulus.l@psi(GPa) 4.0(27.6) 

33: 
Tensile strength, lO$si(MPa) 50 (345) 
Compressive strength, lO+si(?vlPa) 15 (103) 

350 Flexural modulus, lO$si(GPa) 3.OQO.7) 
350 Flexural strength. lO$si(MPa) 30 (207) 

055 Polymide 450 Tensile modulus. l@psi(GPa) 3.6(24.8) 
485 Flexural modulus. lO$si(GPa) 3.4 (23.4) 
450 Flexural strength, 1% (MPa) 28 (193) 
550 Flexural sInrIg& 1mPa) 18 (124) 

Figure 1 - Equilibrium moisture content of KENAlP 
from dry condition. 

Style Description: 
Weave. basis wei&& falnic amsnuction. da&r, fabric tbkkncss and 
fabric air penncabihty for 1 light weight and 4 medium weight fabric 
styles ate .nmanzd in Table 1. Other dtatacteristics are as follows: 
Style 120: A light weight fabric (1.8 obey@) designed as the volume 
quivalat to Style 120 in fiberglass. It is for use where thin laminate 
with a smcuh surface is de.&&. 
Style 181: An S-harness satin that conforms well to mdds. Designed 
as the volume equivalent to Style 18 1 in fikrglas. 
Styks 281 and 285: Designed to be mom ecummical versions of Style 
181. taking advantage of a heavier denier yam (1140 vs 380). The 4- 
harness satin weave has better mold amfonnability than the plain weave 
Style 281. 
Style 328: A plane weave 1420 denier KEVLAR* 49 fabric used pri- 
marily in the boating industry. 

Ultraviolet Light Stability: 
DuPont Styk 220 (Plain weave light weight 380 denier fabric) ex- 
posedbPreforSwedEsin~~.RoridasunmainedSl%ofits 
bntak men&. 

Figure 2 - Moisture absorption rate of KEVLAR049 
from dry condition. 

Handling: 
KEVLAR@49 should be dried at 250°F (121oc) and resin impregaa- 
tion shottId be cartied out within 1 hour after drying. Atmospbem of 
fine particles of KEVLARO 49 are not explosive The material is nu 
biodegradable and contains no sign&cutt water exttaaable compo- 
nents. Skin irritation Potential of the matetial is minimal but evm so, 
expaure to inhalable material should be avoided. 

Machining: 
Use sharp t&s kep free from resin build-up. Avoid overheating to 
tninimk min matrix detetioratioa. High-speed tools give adequate 
service life and &is may be extended by titanium carbide or nitride 
coatings. 

Applications: 
Aenxpace. marine and sporting goods. 

Producers: 
DuPont 
Wilmingtat. Delawate 19898 
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ELECTRAFIL G-50/S% 
(Conductive Thermoplastic) 

ELECTRAFILo G-SO/S!?/5 provides good electrical conductivity at a low loading of stainless steel fibers. It is useful as a shielding 
material and for current carrying parts. 

ELECTRAFIL@ is a registered trademark of AKZO Engineering Plastics. 

Chemical Characterization: 
Matrix resin: thermoplastic polycarbonate. 
Conductive fiber; long stainless steel, 5% by weight. 

PROPERTIES 

Table 1 - PHYSICAL PROPERTIES (ASTM TEST METHOD) 
Specific gravity (D792) 1.27 
Water absorption in 24 hrs, %(D570) 0.12 
Linear mold shrinkage, % l/8” (3mm) 0.4 

Table 2 - THERMAL PROPERTIES (ASTM TEST METHOD) 
Deflection temperature under load (D648), OF (“C) 

66psi (0.45MPa) 295( 146) 
264psi (1.82MPa) 285( 141) 

Flammability, min. thickness (UL94) Y-O 

Table 3 - ELECTRICAL PROPERTIES (ASTM TEST METHOD) 
Volume resistivity. ohm-cm (D257) 10 
Shielding effectiveness, attenuation at 1000 MHz, 

l/8” (3mm) section, decibels 40 

Table 4 - MECHANICAL PROPERTIES (ASTM TEST METHOD) 
Tensile strength, psi (MPa) (D638) loooo(68) 
Elongation, % (D638) 
Tensile modulus, 1oSpsi (GPa) (D638) 4.5&y 
Flexurai strength, psi (MPa) (D790) 16ooo(110) 
Flexural modulus, l@ psi (GPa) (D790) 4.5(3.1) 
Izod impact strength, notched (D256) 
l/4” x l/2” (6.35mm x 12.7mm), ft-lb/in. (J/m) 1.3(69.4) 



General Characteristics: 

Stainless steel fiber is the newest and most efficient con- 
ductive additive for plastics on the market today. The 5 
weight percent long stainless steel fiber loading in the 
polycarbonate matrix of G-50/SS/5 has a log ohm-cm 
volume resistivity of about 1. This compares to 4 to -6 
for metals and 12 to 16 for insulating plastics. The 10 
ohm-cm conductivity of G-50-SW5 is sufficient to dissi- 
pate electrostatic discharge and also function well in 
shielding. The low fiber loading level of this composite 
allows the user to meet most color specifications. 
The polycarbonate matrix of G-50/SS/5 composite is a 
tough thermoplastic resin and its basic properties are not 
greatly affected by the 5% stainless steel fiber loading. 

Applications: 

Electronic enclosure housings for medical equipment, 
bezels for business machines, electronic module hous- 
ings. 

Manufacturer: 
AK20 Engineering Plastics 
PO Box 3333 
Evansville, Indiana 47732 
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8$$P$am&o be mod lor 

KEVLAR@ / J-2 
27tiliekl SIreel. Orange. N.J. 07050 I U.S.A. 

(Thermoplastic Composite Material) 

KEVLAR’x’/J-2 is an advanced thermoplastic composite material based on J-2 copolymerreinforced with continuous KEVLARB 
fiber. The inherent fiber/matrix compatability of Lhis composite provides attractive mechanical properties. 

Chemical Characterization: 
J-2 is an amorphous polyamide copolymer. KEVLAR@ is an aramid liber (aramid is the approved 
generic designation for an aromatic polyamide polymer). 

PROPERTIES 

Table 1 - COMPARATIVE THERMOPLASTIC MATRIX PROPERTIES 

Property 

Density. g/cc 
G, (interlaminar fracture toughness) k.Jim: 
Tg (glass transition temperature) 

(dynamic mechanical analysis), “C 
Modulus (tensile), GPa 
Heat distortion temperature, “C 
Processing temperature. “C 

J-2 
1.15 
2 

Polymer 
Nylon 6/6 Rylon*PPS Ultem**PEI 

1.13 1.36 1.27 
2 1.4 1102 

160 50 88 210 
3.2 2.7 3.2 3.5 
138 75 135 200 

290 to 305 275 LO 290 200 10 240 340 lo 380 

*Ryton, registered trademark of Philips Petroleum Co. (PPS = polyphenylene sulfide). 
**Ultem is a registered trademark of General Electric Co. (PEI = polyelhcr imide). 

Table 2 - ROOM-TEMPERATURE MECHANICAL PROPERTIES OF UNIDIRECTIONAL 
KEVLAR@ / J-3 COMF’OSITE (60% volume fraction fiber) 

ASTM Value 
Tensile Properties 
Modulus 
Suength 
Strength 
Poisson’s Ratio 

Unit 
GPa( 106psi) 
MPa( 103psi) 

5% 

Flexural Properties 
Modulus GPa( 106psi j 
Strength IvIPa( 103psi) 
Short beam shear strength MPa( 103psi j 

Compressive Props. 
Strength MPa( 103psij 

Inplanc Shear 
Properties (f45)2s 
Modulus 
Srrength 

GPa( 106psi j 
MPa(103psij 

Test 
D3039 

Axial Transverse 
73-79(iO.5-11.5) 5.1-5.8(0.75-0.85) 

1300- 1400( 180-200) 20-24(3-3.5) 
IS-I.8 0.4-0.6 

0.32-0.35 0.02-0.03 

D790/D2344 70-73( lo- 10.5 w(6) 
675-700(98- 103) 21(3) 

55-62(8-9’) - 

D695 248-276 (36-40) - 

D351X 2.1(0.3) - 
45-5Si,6.5-8.Oj - 

Processing: 
Using a melt impregnarion 1cchnology where the resin. in Lhis 
instance J-2, is metered throughout a fiber (KEVLXR*) bundle. 
an impregnated tow is formed.This impregnated tow may then bc 
wove-n into formable fabric orconsolidated intorigid sheets. This 

tcchniquc. a building block approach, leads IO easier and more 
cconomicsl consolidation than comingling or film stacking. 
Flcsiblc uovcn fabric and rigid consolidarcd sheets can bc 
rehcatcd for subscqucnl shape forming. 



Table 3 - ROOM-TEMPERATURE MECHANICAL PROPERTIES OF KJ%LAR@ /J-2 COMPOSITE FABRIC* 
Value 

Tensile Properties Unit ASTM Test Axial Transverse 
Modulus GPa(lo6 si) D3039 

% 
3540(5.2-6) 35-40(5.2-6) 

SUtXlgth MPa(l0 si) 530-570(77-83) 530-570(77-83) 
Failure strain % 1.6-1.8 1.6-1.8 

Flexural Properties 
Modulus GPa( 106psi) D790P2344 34-37(4.9-5.4) 34-37(4.9-5.4)) 
Strength MPa( 103psi) 425-470(62-68) 425-470(62-68) 
Short beam shear strength MPa(lO%si) 35-40(5-6) - - 

[&45], Properties 
Modulus GPa(lo6 si) 

% 
D3518 

Strength MPa(l0 si) %(z; 
- - 
- - 

*60% volume fraction fiber, 
8 harness satin weave (a one-over, seven-under configuration). 

Table 4 - FLEXURAL STRENGTH RETENTION OF KEVLAR@ / J-2 COMPOSITE WOVEN FABRIC 
(60% volume fraction fabric, 8 harness satin weave) 

Flexural Properties 
Test 

Temperature Modulus SBS Strength 
T (106psi) GPa* (lY$$$a* (lOjxiMPa)* 

As-is Specimens 

24 (5.2)35.6+0.99 (6.1)428&18.0 (5.0)34.6&1.50 

ii (4.7)32.7+ 1.48 (60)411+12.6 (4.8)5.8+1.97 
93 (4.5)30.8+0.89 (55)382&6.21 (4.8)33.4f1.85 

121 (4.1)28&0.12 (47)327 (4.8)32.8&2.07 
135 (4.0)27.3&l .82 (49)336&46.6 (4.8)32.9?2.4 

Conditioned Specimens** 

24 (5.3)36.6+2.08 (65)447+24.3 (5.1)35.2kl.21 

ii 
(61)421?19.3 (5.2)36.9&1.37 

(5.6G.6kO.68 (59)408&7.91 (5.8)40.0&1.01 
93 (5.3)36.6?0.06 (43)297f0.8 (5.1)34.9&1.76 

121 (3.3)22.6?1.32 - - 
135 (1.9)13.4?0.4 - - 

*Range of mean value of 5 to 10 specimens at 95% confidence level. 
**Exposed to 82°C and 80% relative humidity for 500 hours prior to testing. 

Consolidation conditions for laminates of KEVLAR” / J-2 
compositesof300°C(5700F) at 1.4-1.7MPa(200-25Opsi) for dwell 
times of lo-20 minutes provide excellent results. Laminates so 
processed had less than 1% void content. When necessary. drying 
to less than 0.2% moisture can be accomplished in 16 hours at 
105°C or 4 hours at 150°C (in vacuum in both cases). 

Effects of Heat and Humidity: 

Effects of dry heat and hot humid aging on flexural modulus, 
flexural strength and flexural short beam shear strength are 
summarized in Table 4. Above 93°C fesf temperature, retention 
of flexural modulus was more adversely affected by hot and 
humid aging (conditioning). than by dry heat aging. 

Chemical Resistance: 

Solvent exposure tests (14 day exposure) at 23 and 71°C in 
hydraulic fluid showed excellenr resistance in the as-consoli- 
dated condition. Specimens with machined surfaces lost 36% of 
their flexural strength under the same exposure conditions. For 
other solvents including methyl ethyl ketone. deicing fluid, 
isopropanol, jet fuel and trichloroethylene. flexural strength of 

samples witfi machined surfaces lost 6% or less of their flexural 
strength after exposure at 23°C. 

General Characteristics: 

The excellenr properties, good environmental stability and low 
density of J-2 make it an attractive thermoplastic matrix for high- 
performance composites reinforced with KEVLAR”. A variety 
of composite forms, including unidirectional prepreg tape and 
woven fabric constructions exhibit amactive properties. The 
composite is well suited to the building blockapproachusingmelt 
impregnated tow. 

Reference: 

High Performance Composires of J-2 Thermoplastic Matrix. 
Reinforced with KEVLAR@ Aramid Fiber, Subhotosh Khan, 
Robert B. Croman. Ike Y. Chang. William H. Krueger. 33rd 
hernational SAMPE Symposium. March 7-10.1988. 

Producer: 

DuPont 
Wihningron, Delaware 19898 
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SXA=’ 
(Discontinuously Reinforced Aluminum Alloys) 

SXA@ is a unique group of ahoy composites that provide a superior balance of strength, stiffness and fatigue resistance with low 
density. They are produced by powder metallurgy. 

Chemical Characterization: 
Matrices of SXA@ composites are heat treatable aluminum alloys such as 2009, 6061, 6013 and 7475 (Aluminum 
Association registered alloys, see Table 1). 
The discontinuous reinforcing component is silicon carbide, usually in the form of fine powder (approximately 3.5 x 1Cr6 
m in diam.) or whiskers (approximately 0.5 x lp m diam. x 10 to 80 x lo6 m long). Volume fraction of silicon carbide 
powder is up to 55%; whiskers up to 30%. 

PROPERTIES 

Table 1 - COMFOSlTION LIMITS OF SOME MATRIX ALLOYS IN SXA@ COMPOSITES* 

Alloy 

Number 

2009 
6061** 
6013** 
7475** 
7075* 
2024* 

Partial Composition , Weight Percent 

Silicon Iron Copper Manganese Magnesium Chromium Zinc 

0.25 0.25 3.2-4.4 1.0-1.6 0.10 
0.40-0.8 0.7 0.15-0.40 0.15 0.8-1.2 0.04-0.35 0.25 
0.6-1.0 0.07 0.6-1.1 0.8-1.2 - 0.25 

0.10 0.12 1.2-1.9 1.9-2.6 5.2-6.2 
0.40 0.50 1.2-2.0 0.30 2.1-2.9 0.18-O-28 5.1-6.1 
0.50 0.50 3.849 0.30-0.9 1.2-1.8 0.10 0.25 

*Alloys 2024 and 7075 are unreinforced wrought alloys included in the table for comparative purposes. 
**Off-specification alloys which contain no dispersoid forming elements which are deleterious to composite properties. 

Table 2 - SOME COMPARATIVE MECHANICAL PROPERTIES. T6 TEMPER 

Material 

Tensile 
Strength 

ksi 

Yield Compressive Modulus 
Strength Yield Str. Elongation Tens. Comp. 

ksi ksi % ksi x 103 ksix 103 

7075-T6 83 73 
Forgings 

11 10.4 
6061-T6 45 40 12 10.0 - 
2009SiC/2op* 80 61 63 5 16.3 16.4 
2009SiC/25P 87 70 4 16.7 
2009SiC/15W* 93 58 70 3 15.4 16.1 
6061SiC/4OP 75 60 2 20.5 - 

Extrusions 
2024T6 69 57 
7075-T6 83 73 
6013SiCD5P 72 59 - 
6013SiC/zOP 80 65 
6013SiC/25P 82 67 66 
6013-T6 57 53 
2009SiC/15P 78 62 
2009SiG2OP 95 67 
2009s iC/25P 97 

*2OP=20 volume percent Sic powder reinforcement 
15W=15 volume percent Sic whisker reinforecement 

10 10.6 
6 10.4 - 
6 14.4 
6 16.3 - 
5 17.8 

11 9.9 
5 15.4 
4 16.3 
3 17.6 



Table 3 - TYPICAL PROPERTIES OF 2009/SiC/15W* SHEET 

PropertY Direction T6 T3X1 T8Xl 

TUS (ksi) 

TYS (ksi) 

CYS (ksi) 

BUS (ksi) 
BYS (ksi) 
SUS (ksi) 

e (94 

Kc (ksi din) 

E (MS0 

Density 
Thermal coef. expansion 

@PMF) 

L 
LT 
L 
LT 
L 
LT 
e/D=2.0 
ejlk2.0 
ST 
L 
LT 
L-T 
L 
LT 
L 
LT 

92 
75 
58 
52 
65 
- 

5.2 5.2 
8.2 7.8 

15.2 15.5 
13.5 13.7 
15.0 15.4 

L 8.3 
LT 10.0 

*Properties also given for T8 x u2OP. 

Processing: Applications: 
Powders of the matrix aluminum alloy and the silicon 
carbide reinforcing material (powder or whisker) are 
blended and consolidated into billet form in a vacuum 
hot press. The billets are thermally treated, machined 
and sonically inspected before extruding, forging or roll- 
ing into finished product. 

Nearly unlimited variety of applications, particularly 
where improved strength, stiffness and weight savings 
are important 

General Characteristics: 

SXA@ discontinuously reinforced aluminum alloys are 
significantly stronger and stiffer (higher modulus of 
elasticity) than conventional aluminum alloys with equal 
density. These enhanced properties allow a reduction in 
material weight (as much as 30%) per part resulting in 
marked improvement in performance. SXA@ composites 
also offer superior dimensional stability, wear resistance 
and fatigue resistance compared to conventional alumi- 
num alloys. They have similar longitudinal and trans- 
verse (isotropic) properties. Corrosion resistance when 
compared to high-strength alloys like 7075-T6, is also 
very good. SXA@ materials can be fabricated, bonded, 
joined, anodized and plated using conventional equipment 
and techniques. 

Forms Available: 

Billet, plate, sheet, forgings, near-net shapes, extrusions, 
tubing. 

Producer: 

Advanced Composite Materials Corporation 
Greer, South Carolina 2965 1 

98 
82 
74 
55 
61 

- 

96 
80 
79 
61 
70 

152 
132 

4.5 
6.4 
49 
15.4 
13.7 
15.5 

T8x2 
15W 2OP 
92 
80 
70 
58 
62 
62 
154 
126 
51 
6.4 
8.8 
52 

15.3 
14.3 
15.2 
13.9 

86 
83 
66 
61 
61 
63 
172 
116 

5.2 
5.3 
41 
15.8 
15.8 
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(30?& Fiberglass-Reinforced Modified Polyamide Alloy) 

AKULOY RM M-1915 is a thermoplastic composite that can be used in many types of injection molded applications where 
polypropylene or nylon are used. 

Chemical Characterization: 
AKULOY RM M-1915 is based on nylon 6 modified with a functional&d polyolefin and reinforced with 30% fiberglass. 

PROPERTIES 

Table 1 -PHYSICAL AND THERMAL PROPERTIES 

property ASTM Test Unit Value 

Spedc gravity D-792 l-26 
Water absorption D-570 

24 hours % 0.35 
At saturation 9% 4.85 

Linear mold shrinkage D-955 
(l/8” average section) II ,I I 0.003 

Delection temperature 
under load @ 264psi D-648 “F 330 

Table 2 - MECHANICAL PROPERTIES, PROVISIONAL DATA (TESTS CONDUCTED AT 73°F) 

property ASTM Test unit Value 

Tensile strength D-638 psi 17500 
Elongation D-638 % 43 
Fiexural strength D-790 psi 23000 
FIexurai modulus D-790 psi x lv 11.0 
Izopd impact (l/8”) D-256 

Notched ft-lb/in. 1.60 
Unnotched ft-lb/in. 10 

Table 3 - COMPARATIVE PROPERTIES OF FOUR 30% FIBERGLASS-FILLED COMPGSITES 

-PfQ 
Specific gravity 
Moisture 

absorption 
Mold shrinkage 
He&t deflection 
temperature @ 264 

psi 
Tensile strength 
Elongation 
Flexcural strength 
Flexural modulus 
Izod impact 

Notched 
Unnotched 

ASTM 
Test 

D-792 

D-570 
D-955 

D-648 
D-638 
D-638 
D-790 
D-790 
D-256 

Homopolymer Polyamide 
Polypropylene Alloy Polyamide 6 Polyamide 66 

Unit J-60/3O/E8 M-1915 J-3/30 J-1/30 
1.13 1.26 1.4 1.39 

% 0.04 0.35 1.30 0.90 
11 II I 0.002 0.003 0.003 0.002 

OF 300 330 410 485 
psi 13000 17200 24500 25000 
5% 3.5 4.3 2.2 2.5 
psi 16000 23000 35500 35000 

psi x lo3 1100 1100 1330 1300 

ft-lb/in. 1.6 1.6 2.5 2.0 
ft-lb/in. 10 10 20 17 



Production: 

AKULOY RM M-1915 can be injection molded for many 
types of applications where polypropylene or nylon are 
employed. AKULOY RM M-1915 processes at lower 
temperatures than 30% fiberglass-filled nylon 6. Mold 
shrinkage is nearly identical to that of 30% glass-filled 
nylon 6 and 30% glass-filled chemically coupled 
polypropylene. This affords a change to AKULOY RM 
M-1915 with no mold dimension modifications in most 
cases. AKULOY M-1915 produces superior surface finish 
and improved cycle times compared to glass-reinforced 
polypropylene. Its flatness directly from the mold is gen- 
erally superior to glass-reinforced polypropylene. 

General Characteristics: 

Compared with 30% glass-filled polypropylene, 
AKULOY RM M-1915 exhibits greater tensile strength, 
greater stiffness (higher flexural modulus) and higher 
heat resistance. Compared with 30% glass-filled nylon, 
AKULOY M- 19 15 has about 2D less moisture absorption 
and 10% lower specific gravity. AKULOY M-1915 has 
excellent chemical resistance and its cost is between that 
of glass-filled nylon and glass-filled polypropylene. 

Availability: 

AKULOY RM M-1915 can be supplied in various cus- 
tom colors. 

Applications: 

AKULOY RM M-1915 is used in under-the-hood auto- 
motive components, consumer durable parts, pump and 
electronics housings, impellers, fans, materials handling 
equipment (conveyors, bushings, bearing retainers). 

Producer: 

Akzo Engineering Plastics, Inc. 
Evansville, Indiana 47732 
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LYMAXX I Filing Code: 
Composite 

ZYMAXX 
(Chemical and Creep Resistant Parts) 

ZYMAXX* provides outstanding compressive creep resistance, toughness and chemical inertness at high temperatures and 
pressures and under adverse conditions. They have a wide range of uses beyond chemical processing, including aerospace 
and automotive applications, general industrial equipment, home appliances, farm and construction equipment. 

*ZYMAXX is a trademark of DuPont for chemical and creep resistant parts. 

Chemical Characterization: 
ZYMAXX is comprised of resins made from fluorocarbons. They are reinforced with carbon fibers. 

Physical Properties: 
specific gravity 
Thermal conductivity, Btu+/hrft2~“F 

W/m*K 
ThermaI coef. expansion/“F x Iti5 (-40 to 81”F)* 

(82 to 428°F) 
(-40 to 2&w) 
(302 to 464°F) 

*ASTM method E228, perpendicular to fiber direction. 

2.07 
2.02 

0.29 1 
0.94 
0.44 
17.0 
29.0 

PROPERTIES 

Table 1 - MECHANICAL PROPERTIES 

ROW-W 
Compressive creep 

Compressive strength 

Max. compressive strain 

Tensile strength 
Elongation 
Flexural modulus 
Hardness Durometer 
Izod impact, notched 

unnotched 

notched 

unnotched 

Test Condition 

2ksi,24h, 73’F 
500°F 
73°F 

500°F 
73°F 

500°F 
73’F 
73’F 
73’F 
73°F 
73°F 
73’F 
73°F 
73°F 
73°F 
73°F 
73°F 
73OF 
73°F 
73°F 

ASTM 
Method 

Orientation, 
Test vs 
Fiber Unit 

D621 

Ix95 

D695 

D1708 
D1708 
D790 
D2240 
D256 

- 
- 

Perpendicular 
Perpendicular 
Parallel 
Parallel 
Perpendicular 
Parallel 
Parallel 
Parallel 
Perpendicular 
Perpendicular 
Perpendicular 
Perpendicular 
Perpendicular 
Perpendicular 
Parallel 
Parallel 
Parallel 
Parallel 

% 
9% 
ksi 
ksi 
ksi 
ksi 
5% 
5% 
ksi 
5% 
ksi 
- 

ft*lb/in. 
J/m 

ft=lb/in. 
J/m 

ft*lb/in. 
J/m 

ft=lb/in. 
J/m 

Value 

0.3 
1.4 
22 
8.6 
12 

2.4 
7.8 
1.6 
13 
2 

1280 
D74 
7.2 
387 
9.9 
528 
5.4 
288 
10.5 
560 



Table 2 -COMPARATIVE MECHANICAL PROPERTIES 

PTFE 
ASTM Corrosion-Resistant 15% Graphite 

PW-Y Method Composite Components Filed 

Compressive strength, ksi D695 22.0112.0’ 5.015.2’ 
Tensile s=ength, ksi D1708 13’ 1.3l2.7’ 
Tensile elongation, % D1708 2-102 1301240’ 
Flexural modulus, ksi D790 1280r 203’ 
Izod impact (notched), ft*lbr D256 7.215.4’ 2.6 
Compressive creep deformation, % D621 

24b, 2ksi. 78°F 0.2 8.1/9.5’ 
’ perpendicular/parallel to fiber direction 
2 parallel to fiber direction 
3 perpendicular to fiber direction. 

PTFE 
25% Glass 

Filed 

5.6145 
2.11’2.7’ 
300/270’ 

239’ 
2.2 

7.1P.5’ 

Table 3 - WEAR PROPERTIES, UNLUBRICATED THRUST WASHER TEST* 

Wear factor+* in air vs steel, cu in*min/ft*lb*hr 29 x 1V’O 
Critical PV, ksi=ft/min 50 
Coefficient of friction in air 

PV = 2Oksi*ft/min, P = 0.5 ksi 0.36 

*Test perpendicular to fiber direction 
**Wear factor = wear rate/PV 

Table 4 - CHEMICAL RESISTANCE TO IMMERSION EXPOSURE 

Immersion Conditions 
Temperature 

96% sulfuric acid 

85% phosphoric acid 
Glacial acetic acid 
Xylene 
Mineral oil 
Aniline 
Tetrahydrofuran 
Methyl ethyl ketone 
Dimethyl terephthalate 
Methylene chloride 
Dimethyl sulfoxide 
25% aqueous ferric chloride 
25% aqueous zinc chloride 
Steam 
Iodine 

Media “F- (“C) 

212 (100) 
392 (200) 
212 (100) 
223 (106) 
284 (140) 
212 (100) 
212 (100) 
149 ( 65) 
174( 79) 
212 (100) 
104 ( 40) 
212 (100) 
212 (100) 
212 (100) 
500 (260) 
302 (150) 

Safety Precautions: 
A well ventilated work area should be adequate protection when 
machining Zymaxx. The part being machined should be main- 
tained at a temperature below the composite’s normal melting 
point, 572OF (300°C). Care should be taken to avoid the con- 
tamination of smoking materials with process dust and cuttings. 
In the event of fue, temperatures may rise above the decompo- 
sition temperature of the resin, thus liberating volatile fluoro- 
carbons and hydrogen fluoride. Personnel entering the storage 
or use area under these conditions should use a fresh air supply 
or respirator effective against acid fumes and finely divided 
particulate matter. Protective clothing is also recommended to 
minimize contact with the skin. All types of chemical fire ex- 
tinguishers and large amounts of water may be used. 

Waste Disposal: 
The preferred method of waste disposal of Zymaxx is sanitary 
landfill. The material is non-biodegradable and contains no 
extractable ingredient. 

Time 
Days 

30 
7 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

7 
35 

Swelling, Compressive 
Weight Gain strength Loss 

% % 

0.3 6 
3.9 36 

co.1 0 
0.6 0 
0.9 3 

co.1 0 
0.1 0 
0.8 0 
0.6 7 

co.1 0 
0.9 3 

<O.l 0 
co.1 0 
co.1 1 

0.4 - 
- 0 

General Characteristics: 

Zymaxx chemical and creep resistant parts have been devel- 
oped to provide industry with a material which has outstanding 
compressive creep resistance and toughness combined with 
chemical inertness at high temperatures and pressures. Izod 
impact strength is in the range of super tough materials. These 
properties resulting from preferred fiber orientation provide 
dimensional stability suitable for engineering applications. Parts 
made of this material contribute to increased reliability and 
reduced operating costs. 

Applications: 

Zymaxx has a wide range of uses beyond chemical processing, 
including parts for aerospace and automotive applications, gen- 
eral industrial equipment. home appliances. farm and construc- 
tion equipment. Specific parts include valve seats, washers, 
gaskets, compressor seals and pump parts. 

Producer: 

Du Pant. Wilmington, Delaware 19898 
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REFRACTORY SHEET TYPE 100 
(Ceramic Fiber Reinforced Alumina Composite) 

Refractory Sheet Type 100 is an engineered ceramic, fiber reinforced structural alumina composite with useful properties in 
thermal, structuraI and elecuicaI insulation applications; as well as the transport of molten nonferrous metals to 1260” C 
(2300°F). 

Composition (Typical): 

A’2O3 
SiO, 
Other metal oxides 
Organics 

75 
16 
9 
0 

Physical Properties: 

Density, gm/cu cm 
Ib/cu ft 

Melting point, “C 
OF 

Maximum temperature, “C 
OF 

Color 

PROPERTIES 

Table 1 - MECHANICAL AND ELECTRICAL PROPERTIES 

Compressive strength, MPa 
psi 

Flexural strength, MPa 
psi 

Vohune resistivity (ASTM D-257), 
ohm-cm 

Dielectric strength (ASTM D-149 
voIts/mil 

Breakdown voltage (l/8” thick), kv 7.3 

69 
10000 

55.1 
8ooo 

4.6 x 109 

71 

Fig. 1 - Linear shrinkage vs firing tempereature (1 hour soak at temperature) 

2.1 
130 

1500 
2732 
1300 
2372 

White or tan 



Fig. 2 - Room-temperature modulus of rupture vs firing 
temperature (1 hour soak at temperature) 

Machinability: 
Refractory Sheet Type 100 may be cut and machined 
with standard tooling. 

Corrosion Resistance: 
The high alumina content (75%) of Refractory Sheet 
Type 100 makes the material highly resistant to corrosion 
in many environments, including molten aluminum. 

General Characteristics: 
Refractory Sheet Type 100 has flexural and compressive 
strengths in the range of high-temperature, reinforced 
plastics such as G-7 and G-10 laminates but Type 100 
retains its strength and utility to temperature levels far 
exceeding the maximum use temperature of plastics. 
Mechanical properties of Refractory Sheet Type 100 ex- 
ceed those of Tansite and other asbestos-cement materials 
over all temperature ranges. Type 100 Sheet is 100% 
inorganic, non-flammable and contains no asbestos. The 
composite undergoes little or no outgassing on heating. 
It is not brittle; has high impact properties. 

Foms Available: 
Sheets, 610 x 1220 mm (24 x 48 in.) in thicknesses from 
0.79 to 25.4 mm (l/32 to 1 in.) 
Cylinders (contact the producer concerning user require- 
ments). 

Applications: 
Induction coil liners, melting furnace structural parts, 
high-temperature insulation, hearth plates, glass-bottle 
forming machine wear parts, transport of molten nonfer- 
rous metals, high-temperature press platens, terminal 
boards. 

Producer: 
Zircar Products, Inc. 
Florida, New York 10921 
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ULTEM 2100,2200,2300 & 2400 
(Glass Reinforced Amorphous Thermoplastic Polytherimides) 

ULTEM resins have high heat resistance, inherent flame resistance with low smoke evolution, broad chemical resistance and 
outstanding processability. Glass reinforcment provides increased rigidity and dimensional stability while maintaining good 
processing features. The ULTEM 2000 series is available in both low viscosity and mold release grades in addition to the standard 
grades. Mold release grades (designated with the suffm “R”) reduce the risk of parts sticking in the mold, and hence permits 
molding at higher pressure s to obtain improved melt flow. The mold release agent contains no silicone, is not conductive and is 
non-corrosive. 

Chemical Characterization: 
The Ultem 2100,2200,2300, & 2400 resins are amorphous thermoplastic polytherimides reinforced with 10,20,30, 

and 40% glass, respectively. 

PROPERTIES 

Specific gravity 
Mold shrinkage, in/in 
Water absorption 

24hr. 73OF. % 
Equilibrium. 73°F. % 

Table 1 -TYPICAL PHYSICAL PROPERTIES 
ASTM 
TCSI ULTEM Resin 

Method 2100 2200 2300 2400 

D792 1.34 1.42 1.51 1.61 
D955 0.005-0.006 0.003-0.005 0.002-0.004 0.001-0.003 
D570 

0.21 0.19 0.16 0.13 
1.20 1.10 0.90 0.90 

Table 2 -TYPICAL THERMAL PROPERTIES 
Test 

Method Units 

Deflection temperatwe (unannealed) 
@ 66 psi, 1/4in. 
@ 264 psi ll4in. 

Vicat softening point (method B) 
Tknrd index, UL Bulletin 746B 
Thermal wef. expansion (O-300°F) 

(mold direction) 

ASTM D648 “F(“C) 

ASTM D1525 OF(“C) 
UL 476B “F(=‘C) 

‘T’PF 
x 1OJ 
“l-c 
x 10-S 

*Applies to electrical and mechanical properties without impact. 

2100 

ULTBM Resin 

2200 2300 2400 

410(210) 410(210) 414(212) 42q216) 
405( 207) 408(209) 410(210) 415(213) 
434023) 428(226) 442(28) 454034) 
338( 170) 338(170) 356(180)* - 

1.8 1.4 1.1 0.8 

3.2 2.5 2.0 1.4 

Table 3 -TYpICAL FLAMh4ABILI’IY CHARACTERISTICS 

Test ULTEM Resin 

Vertical burn, UL Bulletin 94* 
@0.016” 

Method 2100 

UL94 - 
V-O 

@O.OlO” 
NBS smoke, flaming mode, 0.060” ASTME662 - 

V-O - V-O 

Ds@ 4 min 1.8 1.3 1.6 1 .o 
Dmu@20min 27 27 20 20 

Oxygen index, Q ASTM D2863 47 50 50 54 

*Rating not intended to reflect hazards presented by this or any other material under actual fire conditions. 



Table4-TYFWAL ELECTRICAL PROPERTIES 

ASTM 
Test ULTEM Resin 

Dielectric strength, l/l 6” 
illOil 

inair 
Dielectric const. @ 1kHz. SO%RH* 
Dissipation factor 

1kHz. 5O%RH, 73°F 
245OMHz. SO%RH, 73°F 

Volume resistivity. l/16” 
Arc resistance 

*RH = relative humidity 

Method UIliU 2100 

D149 V/mil(kV/mm) 
700(27.5) 

- 
D150 - 3.5 
D150 - 

0.0014 
0.0046 

lx57 ohm-cmxlo’6 10.0 
D495 seumds 85 

2200 

67q26.5) 63q24.8) 61q24.0) 
- 770(30) - 
3.5 3.7 3.7 

0.0015 0.0015 0.0020 
0.0049 0.0053 - 

7.0 3.0 15 
85 85 125 

2300 

Table 5 -TYPICAL MECHANICAL PROPERTIES 

ASTM 

property 
Tensile strength, yield 
Tensile modulus, 1% secant 
Tensile elongation, yield 

, ultimate 
Flexural strength 
Flexnral modulus, tangent 
Compressivestrength 
Compressive modulus 
Izod impact strength 

notched. I/8” 
unnotched, l/8” 

Shear strength, ultimate 
Rockwell hardness 

Test ULTEM Resin 

Method Units 2100 2200 2300 2400 - - 
D638 ksi(MPa) 16.6(120) 20.1(140) 24.5(160) 27.q186) 
D638 ksi(MPa) 65q4500) lOOO(6900) 1300(9000) 1700(11700) 
D638 % 5 - - - 
D638 % 
D790 ksi(MPa) 28(&O) 

3 3 
30(210) 33(230) 3&O) 

D790 ksi(MPa) 65q4500) 900(6200) 13W9000) 1700(11700) 
D695 ksi(MPa) 22(150) 28.7(200) 30.7(210) 31.8(220) 
D695 ksi(MPa) 541(3700) 809(5600) 938(6500) 1060(7300) 
D256 ft-lb/“(J/m) 

1.1(60) 1 .ww 2.0(110) 2.1(110) 
9.0(480) 9.0(480) 8.0(430) 8.0(430) 

- ksi(h4Pa) 13(90) 13.5(95) 14(100) 15(105) 
D785 M scale 114 114 114 114 

Processing Characteristics: 

Processability of ULTEM 2000 grades is very good. Glass 
reinforcing does not adversely affect processing. For spe- 
cific help in processing, mold and part design, consult the 
producer. 

General Characteristics: 

Various strength properties of the ULTEM 2000 series 
increase as the amount of glass reinforcement increases. 
Specific gravity also increases but to a lesser extent and 
therefore the strength/weight ratio is significantly im- 
provedasglassreinforcement isincreasedfiom lOto40%. 
Mold shrinkage. water absorption and thermal coef. of 
expansion decrease as glass reinforcement is increased. 

Applications: 

Transportation: automotive underhood parts, structural 
applications requiring minimal thermal expansion, high 
heat lamp sockets. 
Industrial: pressure vessels, filter bowls, various threaded 
components, hardware, fasteners. 
Electrical: switches and controls, circuit boards, connect- 

tars. disc drives. 

Producer: 

G E Plastics 
Plastics Group 
One Plastics Avenue 
Pittsfield, Massachusetts 01201 
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UNIDIRECTIONAL KEVLAR@ 49 ARAMID REINFORCED EPOXY COMPOSITES 
(Flbervolume fraction 5560%; ply thickness approximately 5 mill) 

KEVLARQ 49 is a high-modulus para-aramid reinforcing fiber. It is the dominant organic reinforcing fiber in advanced 
composites today. It has exceptional strength and stiffness and it is a low density material. 

Chemical Characterization: 
KEVLAR. 49 is a para-phenyleneterephthalamide 9PPD-T). Its chemical sm~cture may be represented as follows: 

PROPERTIES 

Table 1 -STATIC DATA, DENSlTY AND SFECIFIC HEAT. KEVLUP 49 FIBERS 

T-Temperature 

250°F 

Axialmodulus*,psix lo” (MPax 10) 
Transverse mod&s*, psi x 106 (MPax l@) 
AxialsheLarmodulus*,psix106(MPax1~) 
Axial Poisson’sratio* 
Transverseshearmodulus*,psix106(MPaxlb) 
Axialtensilestrength**‘,psix10@lPax10) 
Axial ehngationto break**. % 
Axialcoaf.thermalexpansion*.in/WFx 1V 

m/m/TX lo-6 
Txansversecoef.thermalexpansion*,inlinpr:x lo-6 

m/mPcx 1w 
Densitv. lb/al in. lelcu cm) 
Speck heat, Cp, &lb/+ (J/kg/Y) AtOT 

AtlWC 

De&m&d from unidirectional composite data. 
‘~Resinimpregnated stxand test (ASTM D2343). 

Temp. 

18(124) 
1 (6.9) 

0.4 (2.8) 
0.36 

0.4 (2.8) 
525 (3.62) 

2.9 
-29 
-5.2 
23.0 
41.4 

0.052(1.44) 
0.292(1220) 
0.476(1990) 
0.626 (2620) 
0.679 (2840) 

Table 2 -COMPARATIVE REINFORCING FIBER DATA* 

KEvLAR@ 49 T-300 As4 
Ammid EGlass Carbon Cattmm 

--- 
Tensilestnmgth.lO’psi 525 450 470 520 

m 3620 3100 3240 3590 
Tensile modulus, 106 psi 18.0 10.5 33.5 34.0 

Io-‘MPa 124 72 231 234 
Elongation to brrak. % 2.5 4.3 1.4 1.5 
Density.lb/cu in. 0.052 0.092 0.064 0.065 

glc=m 1.44 2.55 1.77 1.80 

*Resin impregnated strand test ASTM D2343. 

woe) 
15.4(114) 
0.95 (6.6) 
0.38 (2.6) 

0.36 
0.35 (2.4) 
460(3.17) 

2.8 
-29 
-5.2 
23.0 
41.4 

0.052(1.44) 

S-Glass 
600 

4140 
124 
85 
4.8 

0.090 
2.49 



Tabk3-TYPICALSTATKDATAFORUNIDIR~XXONAL KEVLtR.49 REINFORCED EPOXY* 

TUR TeatTuupmtme 

RT. 2wF(121oc) 

TUlsikti conqmwivemoduliofelsticity. lO‘psi(GPa) Fikrdirsct 1108.5) 9.4 (64.8) 
Wtof.dif. 0.8 (5.52) 0.7 (4.83) 

shearmodulus, lO‘psi(GPa) hfiberpbe 0.3 w-v 0.26(1.79) 
MajarPoiSSdS~O comp.lodedin 

f,it&dirccr 0.34 
Fiba- -224 (4) -ii..) 
Wtof.dir. 32 m 32 m 
FibmdirecL 200(1379) 170(1172) 
FibmdixeU a(n6) 32al) 
Wtof.dir. 4.3 (29.6) 29 (20.0) 
90010f.dir. 20(137.9) 153 (107) 
Illfikplanc 6.3 (43.4) 4.8 (33.1) 

0.050(1.38) 0.050(138) 

Fig. 1 - Ekvafed tmpemture aging of KEVLAFP45 reeln 
hlpregnatedatnnde. 

Table4- ROOM-TEMPERATURECBEHAVIOROF 
KEvLAR.49 FIBER’ 

SIIC!SS.%d 
TensileStrcqth %ClW!pStE%ilh 

3ooMin. 
50 1.175 l.XI 
60 1.425 1.45 
70 1.675 1.70 
80 1.875 1.W 
90 2125 2175 

*Resinhpxc~~60-709fibervohum~ 

Handling of KEVLAlW349 Fiber: 
.Storage:Avoid~toUVlight.Storageintheshipphgcohners 
issatidauory.Typicalstoragelifeofpreimpregnatedlibexistyphlly6 
monthsatoT. 
Drying: Good plauia involves drying KEvL.AR@49fiberatzm 
pxiortouse.Resinimpqnationshouldbecauiedoutwithin1hour 
6fterdlying. 
FVoduU safety: spadr ignition Wts indicate that atmosphexs of fine 
fibeqwticksdonotexplode. KEVLAR@ 49 yam is not readily biode- 
gladabkandumtains no significant water umaoable mate&d so its 
effeuongnnmdwataincaseofhdfilld@osalisnegligibkSkin 
umtautestsshowminimalpaatialforiuitatiohRatinhalatiantestsat 
respimbkfik amnwmti~1ootimesthataKmnterrdinfiberproc- 
essingoperationsW~typicalOf nuisnxduste~Evenso. 
exposmetoinhakbkmataialshouldbemih&edby~vaui- 

~.2-Moistureabeorp~~fKEVLAR45fromdry 
. 

TobleS- ROOM -TEMPERATURESTRESS-RWl-lJRE 
BEHAVIOROF KEvLAR@49ANDsGLAssFlBERs+ 

AppmxhwSws(%ofTS.)rwhichthaeis 

5%FaihcRobeb&yin 5O%Failu1~Rub&Ztyin 

Filler 1DbD low loo(lhp lair looh lotxxr 
KEvLARa49 84 80~878480 

75 69 64 68 64 59 

Machining: 
M&%hetoolplfomUUlCG inteamsofquantityofw&pcxtooland 
qualityoffmishKlpartwillbeeahnced by=ofvaYsharp*kept 
fIeeoflesinbuild-up.Gvemeatingnlustbeavoi&dto~reain 
ma&ixdetfxiorationThege#leranylowthcamalccQduuivityofthe 
composhmeansthatmostoftheheatgencmtcdinmachihgmustbe 
wnduaedawaybythetooLIbeimpaUoffluidabso@anonmatezkl 

iqdelaiLwghthemlalcoeffi&ntof 
rmmrtararwrofdimmsiotlalaccuncy 

mofednicultthaninthecaseofllw&.High-speedsteeltoolswill 
typicallyprovidealdeqmebutlimitedselvicelif~coatingtoolswith 
tilS4llillIllcsrbideOr-titli&Will-ypIOVidelllUdl 
~~~P=&gw=monUummnlpcof~~ 

F). 

Appllcatlon!s: 

A=-P=G--lmgoodr 
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RESISTAC No. 1 
(HEAT TREATABLE ALUMINUM BRONZE) 

Resistac No. 1 is a high strength, corrosion resistant aluminum bronze capable of responding to heat treatment for increased 
strength and hardness. It has exceptionally good fatigue resisting qualities and will retain its strength and hardness at reIa- 
tively high temperatures. 

Comporitioa: Physical Coastaets: 

TypicaI l%?e Specific gravity, g/cc 7.57 
coppa 89 86.0 Olin Density. Ib/cu. io. 0.270 
Aluoliouol 10 9.00-11.00 Coefficient of erpaosion, in/OF O.OOOOO9 
Iron 1 0.75-1.50 Electrical conductivity, % Cu 12.8 
TohI oamed eIeolmts 99.00 mio. Thermal conductivity. cgs 0.21 

Modulus of ehsticity, psi 17.504000 

PROPERTIES: 
Table 1 

As-cast 

Tensile strength, PI 65000.85000 
Yield strength, psi 28000-35000 
ProportiooaI limit, Psi 16000-19000 
Elongation, % in 2” 35-20 
Reduction of area, % 35-20 
BrineIl hardness 120-160 
Shear skength. psi 45000 
Fatigue strength., psi 24000 
charpy iolppa, ft. Ibs. 18 
Id impact, ft Ibs. 20 
Ultimate in compresakq Psi 110000 
Elastic limit in compression, psi 18000 

Heat Treated As-Forged 

80000-50300 
35000-55000 
24003-35000 

20-5 
20-S 

GO-245 
50000 
30000 

- 
- 
- 

72000-92000 
33000-42GOO 
20000-25000 

25-15 
25.15 

130.170 
4600049000 
26000-28000 

14 
18 

123000 
- 

Tablu 2 
HARDNESS VERSUS TEMPERING TEMPERATURE 

(Water quenched from 1620°F and tempered as indiated) 

Tempuiae BrineII 
Temperahue, ‘F Iiardocss 

=-F=l=d 224 
350 226 
750 240 
850 210 
925 193 
975 183 

1025 180 
1075 175 
1125 173 
1275 173 



Heat Treatment: 
Solution Treatment: 
Aging Treatment: 

Heat to 16OO”F, quench in water. 
Reheat to lOOO-115O”F, depend- 
ing on desired hardness, and 
water quench. 

(The maximum hardness is obtained on the SOILI- 
tion treatment and the hardness drops on aging 
or tempering below 1200°F. Heating to the 
high temperature should be slow and uniform to 
avoid high temperature gradient and consequent 
excessive grain growth at the metal surface.) 

Castability: 
Controlled foundry technique is necessary to accom- 
modate the high shrinkage, short freezing range, and 
necessity for accurate chemical composition. Precau- 
tions in melting is to use oxidizing or neutral atmos- 
phere and minimum stirring. This alloy is subject to 
gas absorption during melting with subsequent porosity. 
No deoxidizer and no flux is generally used. Highly 
oxidizing conditions or excessive agitation of molten 
metal in mildly oxidizing conditions will substantially 
reduce gas pick-up, but will result in high loss of 
aluminum content and consequent change in composi- 
tion of the alloy. 
Pouring temperatures will vary from 2000°F for heavy 
castings to 2250°F for light sections and long runs. 
Heavy risers are mandatory. They should be about 14/d 
to 11/z times the thickness of the section they are ex- 
pected to feed. 

Workability: 
Good forging properties. Physical properties are im- 

s 
roved lending itself more easily to machining and 
abrication. Hot working temperature range is critical 

and should be kept in the range 1500-1650°F. 
It is possible to cold-work the duplex aluminum bronze 
only to a limited extent, and in general it should not 
be subjected to severe cold-working operations. 

Machinability: 
Its machinability rating is 20% of that of free-cutting 
brass. With high speed steel cutters use 75-150 sfpm 
cutting speed with 0.015-0.040 inch roughing feed and 
0.005-0.020 inch finishing feed. Such cutting tools 
should be ground for 15” lead angle, 20-30” side rake, 
10-20” back rake, 10-20” side clearance, and 10-15” 
front clearance. Carbide-ti 
8- 15 o end cutting-edge ang P 

ped tools should be ground 
e, lo- 15 ’ lead angle, 15-2 5 ’ 

side rake, 4-8” back rake, 7-10” side clearance and front 
clearances. A cutting fluid of mineral base oil with 
lo-20 percent lard oil is recommended. 
With tungsten-carbide cuttin 
of castin s may be 

tools rough machining 

inch fee 8 P 
erforme % at 250 sfpm with l/32 

per revo ution and l/d inch depth of cut, 
while finish machining may be rformed 
with l/64 inch feed per r 

at 500 sfpm 
revo ution and 0.015 inch 

depth of cut. 
Parting tools should be given ample side clearance and 
back relief to prevent binding in the work. Forming 
tools may be similar in design to those employed i”n 
steef practice, though additional front clearance is ad- 
vocated to prevent the tool from riding the surface of 
the work. 

Drilling is done best with standard twist drills. At the 
higher hardness of heat treated stock it may be to ad- 
vantage to reduce the rake angle by grinding flats in 
the cutting edges. Alternatively drills having a steeper 
helix angle than standard may be used. 

Weldability: 
Good weldability. Use welding rod of simila.~ compo- 
sition. In metal-arc welding use reverse ( 
polarity direct current ; while in carbon-arc p” 

sitive) 
we If:: 2 

straight (negative) polarity direct current. ’ - 
vantageous to preheat to 300°F before welding. 
It can be brazed, hard soldered and also soft soldered 
with some difficul 
any standard gra e of tinsmith’s solder with ortho- a 

. Soft soldering can be done using 

phosphoric flux. 

Corrosion Resistance: 
High resistance to corrosion. Resists sulphuric acid 
solutions, salt solutions and vapors, many organic acids 
and ammonium salts. It is corrosion resistant to mild, 
but not strong, alkalis. 

General Characteristics: 
Resistac No. 1 has about the same strength and ductility 
as ordinary cast carbon steel. It has a rich gold color, 
is 1070 lighter in weight than the tin-bronzes, and re- 
quires experience, careful control and special technique 
in molding and pouring to produce sound castings. 
In the soft condition it has high elongation and low 

hardness suitable for light members subject to shock 
and plastic Bow under heavy loads. In the heat treated 
condition the increased mechanical pro erties with re- 
tained good elongation make it 1 suita le for highly 
stressed parts where deformation rather than breakage 
is essential in cases of heavy loading, and also for high 
abrasive conditions. 
The principle application is in the field of chemical 
corrosion where strength and corrosion resisting prop 
erties are required. It is also heat resistant, that is, it 
retains its strength and hardness at elevated tempera- 
tures. It also has exceptionally good fatigue resistifg 
properties which recommends it for parts and equip 
ment subject to oscillating or repetitive stresses. Also 
appli&le where good bearing and resistant character- 
istics are required. 
This alloy is general1 used for thin or moderate SCC- 
tions, and is not us J for very heavy wall sections as 
its low iron content permits large grain growth and a 
tendency towards brittleness. For very heavy wall 
sections the higher iron content type of aluminum 
bronze is recommended. 

Forms Available: 
Sand castings and hammered forgings. 

Applications: 
Hot-mill guides, valve guides in internal combustion 
engines, gears, worm wheels, propellers, shaftin , valve 
seats for super-heated steam and similar service, %ea ’ 
liners, thrust pads, machine and tool bearings, v% 
stems and spindles, wea.r plates, and marine quipment 
and parts. 

Manutacturer: 
American Manganese Bronze Company 

Phil? Jelphia, Pennsylvania 
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ALLOY 390TM 
(Copper-N ickel-Beryl liu m Alloy) 

Alloy 390 was specifically designed for high-power applications and provides a combination of high strength and high conductivity. Increasing 
power requirements drive the need for lower conductor resistance to reduce joule heating. This alloy has a high thermal conductivity that is 
critical to thermal management. Higher power requirements create harsh environments and higher operating temperatures. Alloy 390 provides 
excellent stress-relaxation resistance at elevated temperatures, which increases electrical contact reliability. 

Alloy 390 is a trademark and Brush 60 is a registered trademark of Brush Wellman Inc. 

Chemical Composition, wt.%: 

Nickel 
Beryllium 
Aluminum 
Iron 
Silicon 
Tin 
Zirconium 
Copper including silver 
Copper + sum of named elements 

Physical Properties: 

Density, kg/m3 (lbhn.3 ) 
See also Table 1. 

Mechanical Properties: 

Yield strength, min, MPa (ksi) 
Tensile strength, min, MPa (ksi) 
Elongation, min, % 
Bend radius in 90°, longitudinal 

and transverse. R/t  

1.0-1.4 

0.20 max 
0.20 max 
0.20 max 
0.25 max 
0.50 max 

bal 
99.5 min 

0.15-0.50 

8800 (0.318) 

930-1055 (135-153) 
950-1090 (138-158) 

1 
2.0 

Modulus of elasticity, GPa (lo6 psi) 
See also Table 1. 

138 (20) 

Specification Equivalents: 

UNS C17460 

General Characteristics: 

Fig. 1 Stress-relaxation behavior 

high strength and high conductivity. Alloy 390 combines the best 
attributes of two separate families of commercial copper-beryllium 
alloys: the strength of the High-strength’alloy C17200 with the 
conductivity of High-conductivity”al1oys C17410 and C175 10. 
Alloy 390 has excellent stress-relaxation resistance at elevated 
temperatures. In applications where durability is important, such as 
in burn-in and test sockets, battery contacts, SIM (subscriber iden- 
tity module) card contacts, and relays, the excellent fatigue 
strength of this alloy extends the product life, providing better util- 
ity that translates into cost savings. 
Alloy 390 has a high conductivity so that it maintains flow of elec- 
trical or thermal energy, reducing device operating temperatures 
and improving device battery life. The alloy has excellent stress- 
relaxation performance so that it retains contact force at elevated 
temperatures for high reliability (see Fig. 1). Its excellent resilience 
means that the alloy tolerates large displacements without perma- 
nently deforming, and its excellent fatigue strength enables high 
cycle life without degradation in contact force (see Fig. 2). 

The producer used Lean Six Sigma methodologies to make process 
breakthroughs, making it possible to produce an alloy that has both 

Handling copper-beryllium strip products in solid form poses no 
special health risk. Like many industrial materials, beryllium- 

Table 1 Alloy Comparisons 
Yield strength Bend radius, 90’ bend, Rlt Modulus of elastldty 

Alloy Temper MPa ksl Electrical conductivity, %IACS Elongation, min, % Longitudinal Transverse GPa 106 psi 

Alloy 190 XHM 931-1172 135-170 17 4 4.0 5.0 131 19 
Brush 60 HT 72C-860 105-125 50 10 1.5 1.5 138 20 

Alloy 390 HT 931-1055 135-153 44 1 2.0 2.0 138 20 

999 



the guidance in the Material Safety Data Sheet (MSDS) from the 
producer before working with this material. 

Product Forms Available: 

strip 

Applications: 

Potential uses include computer burn-in and test sockets (BiTS), 
production sockets, power connectors, switches, relays, automo- 
tive power applications, and other handheld and portable elec- 
tronic contact applications. 

Fig. 2 Flexural fatigue strength in fully reversed bending, R = -1 
Producer: 

Brush Wellman, Inc. 
17876 St. Clair Ave. 
Cleveland, OH 441 10 

containing materials may pose a health risk if recommended safe- 
handling practices are not followed. Inhalation of airborne beryl- 
lium may cause a serious lung disorder in susceptible individuals. 
The Occupational Safety and Health Administration (OSHA) has 

(216) 486-4200 
(216) 383-6868 (fax) 

set mandatory limits on respiratory exposures. Read and follow ISSN: 002-614X CU-7 1 2B 
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PERMENDUR 49 
(Cobalt Iron Soft Magnetic Alloy) 

Permendur 49 is an alloy with nominal composition 49% Co, 49% Fe, and 2% V that combines high saturation with high permeability. It can 
be supplied as forged section or strip normally in the range 0.1-1.0 mm (0.0040.04 in.) thickness. 

Chemical Composition, wt.%: 

Cobalt 
Vanadium 
Iron 

Physical Properties: 

Density, kg/m3 (1b/ine3 ) 
Resistivity, pa . m (a circular-mil/ft) 
Coefficient of linear thermal 

expansion, 1 O-6/K (1 0-6/oF) 
Thermal conductivity, W/m . K 

Specific heat capacity, 

Curie temperature, "C (OF) 
Magnetic peak inductance, 

(Btu/(ft. h . OF)) 

J k g .  K (Btu/lb . OF) 

saturation induction at 40,000 
A/m (500 Oe), T (G) 

Magnetic permeability, max dc 
permeability for strip 

Magnetic residual induction, 
remanence from saturation, T (G) 

Coercivity, Hc dc for strip, A/m (Oe) 
See also Fig. 1. 

49 
2 

49 

8150 (0.295) 
0.40 (241) 
9.5 (5.3) 

25 (14.4) 

420 (0.10) 

940 (1724) 
2.34 (23,400) 

7000 

1.62 (16,200) 

80 (1 .O) 

Mechanical Properties: 

Yield strength, strip heated at 760 "C 
(1400 OF), MPa (ksi) 

Tensile strength, strip heated at 
760 "C (1400 OF), MPa (ksi) 

Elongation in 50 mm (2 in.), 
strip heated at 760 "C (1400 OF), % 

Young's modulus, GPa (106 psi) 

340 (49) 

700 (102) 

6 

230 (33) 

Heat Treatment: 

Fig. 1 Typical dc normal induction curves 

When this is achieved, the temperature can then be raised to 
500 "C (930 OF) and held again until the dew point reaches 
-35 "C (-31 OF). This procedure also removes traces of oil from 
the parts. The furnace temperature can then be slowly raised until 
the load reaches 760 "C (1400 OF). The temperature should be 
held within f 1 0  "C (f18 OF) for 2 h before cooling at a rate 
between 1-3 "C/min (1.8-5.4 "F/min) down to 300" C (570 OF) 
and removing from the furnace. 
The heat treatment temperature of 760 "C (1400 OF) is specified 
for all cobalt-iron alloys to obtain a balance of good magnetic and 
mechanical properties. Where optimum magnetic properties such 
as lowest loss or highest permeability are required, or alterna- 
tively where better mechanical properties are a prime considera- 
tion, then alternative temperatures are needed. For optimum 
magnetic properties use 850 "C (1562 OF). For optimal mechani- 
cal properties use 720 "C (1328 OF). 
Some small increase in dimensions can be expected following 
heat treatment and an allowance of approximately 0.1% should 
be made for this where very tight tolerances on finished parts are 
needed. 

Alloys are supplied in the hard rolled condition for fabrication by 
stamping, turning, or milling. After these operations have been 
completed, the material requires heat treatment to develop its 
magnetic properties. Parts are degreased, if necessary, and heat 
treated in accordance with the following recommendations. 
Parts should be heated to 350 "C (660 OF) and held at this tem- 
perature until the exit dew point is better than -35 "C (-31 OF). 

Machinability: 

Permendur is readily machined, but requires different techniques 
than those used on conventional steels and brasses. The most sig- 
nificant features are the tendency to brittleness and the need to 
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Table 1 Drillinn 
Depth of cut Cut per revolution 

0.8-3.17s 11 *-1/* 0.025 0.001 

11.1-25.4 71~~-1.0 0.15 0.006 
3.175-1 1.10 3I8-7ll6 0.10 0.004 

25.4-50.8 14-2.0 0.25 0.010 

Table 2 Setuo for Turnine with Hieh-Soeed Steel (HSS) Tools 
Detail Roughing value Finishing value 
Top rake angle, degrees 1C-15 25-30 
Nose radius, mm (in.) 0.5-0.75 (0.02-0.03) 0.5-0.75 (0.02-0.03) 
Speed, continuous cuts, sfpm (smpm) 200 (61) 200 (61) 

Feed, where practical, &rev (ipr) 0.125 (0.005) 0.125 (0.005) 
Depth of cut, initial cuts, mm (in.) 
Depth of cut, mm (in.) 

Speed, interrupted cuts, sfpm (smpm) 120 (37) 120 (37) 

up to 9.5 (0.375) to within 3 (0.125) of finish size 
up to 1.6 (0.062) to within 0.25 (0.010) of finish size 

Table 3 Recommended Rates for Milling Operations with 
Cobalt-Iron Allovs 

Roughing, d m i n  (ftlmin) 61 (200) 
132 (435) Maximum finishing. d m i n  (ftlmin) 

avoid overheating, which can lead to surface cracking. Care 
should be taken to ensure pressure is not unduly localized when 
the material is held in a chuck, or clamped. A fairly high 
approach angle (approximately 30") should be used to prevent 
breakup on run out of cuts. Generally, maximum rigidity of tool 
and workpiece is required to ensure smooth cutting. Machine 
speed needs to be low, ensuring sufficient torque or force at the 
cutting edge to prevent deceleration. Tools must be well main- 
tained, with a high degree of surface finish on the rake face. The 
tool material may be either high-speed steel or tungsten carbide. 
Cutting Fluids. Because heat is generated during cutting opera- 
tions, machining is made easier by using a good cutting fluid. For 
general machine work, a flow of soluble oil is recommended, 
while a neat chlorinated oil is favored for use on automatic or 
semiautomatic machines. A flow rate of approximately 
5 L/min/hp used is normally sufficient. For tapping and reaming 
with standard tools, Rocol RTD or a similar compound is recom- 
mended. 
Drilling. Use quick spiral drills. Drills should be reground as 
soon as they show signs of dulling. Flow a large amount of cut- 
ting fluid onto the cutting edge of the drill and use a speed of 
9-12 mpm ( 3 0 4 0  fpms). 
Grinding. Wheel grade WA 60 JV and lubricant Houghtogrind 4 
are recommended for cobalt-iron alloys. Grinding after annealing 
should be avoided if possible to avoid degradation in magnetic 
performance. If annealing is essential, the following cuts are rec- 
ommended. 

Final cut, mm (in.) 
Final cut but one, mm (in.) 
Final cut but two, mm (in.) 
Final cut but three, mm (in.) 
Final cut but four, mm (in.) 
See also Tables 1-3. 

0.005 (0.0002) 
0.005 (0.0002) 
0.010 (0.0004) 
0.025 (0,001) 
0.050 (0.002) 

General Characteristics: 

Cobalt-iron alloys containing 24-50% Co provide a range of 
properties with the highest known saturation magnetization at 
room temperature. This combined with high strength makes them 
a natural choice for the design engineer where considerations of 
weight and space are of prime importance. 

Product Forms Available: 

Cold-rolled strip is available in thicknesses ranging from 
0.1-1.0 mm (0.004-0.04 in.). Widths range from 6.0-225 mm 
(0.24-8.9 in.). The material is available in coils typically 
300-500 mm (12-20 in.) internal diameter or cut lengths. The 
cold-rolled condition has a hardness of 315 HV. 
Hot-worked products are available. They may be forged as hot 
worked, rolled rod as hot worked or centerless ground, forged 
squares as hot worked, rolled rectangles as hot worked, and rolled 
squares as hot worked. Contact the producer for sizes available. 

Applications: 

Permendur 49 is used to maximize flux concentration in high 
field devices such as mass spectrometers, magnetrons, traveling 
wave tubes, NMR medical equipment, solenoids and valves for 
aircraft and missiles, and for high-performance loud speakers. 

Producer: 

Carpenter Technology, Ltd. 
Napier Way 
Crawley, West Sussex, RHlO 2RB 
England 
+44 1293 55 1190 
+44 1293 53 7313 (fax) 
USA: 
Carpenter Technology Corporation 
Wyomissing, PA 19610 
(800) 654-6543 

ISSN: 002-614X Fe- 126B 
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Armco Tran-Cor Electrical Steel, Grade H-O 
(“Super Oriented” Electrical See9 

Armco Tran-Cor Electrical steel offers an outstanding degree of grain orientation with resultant far lower core loss than 
possible with conventional grain-oriented elecuical steels. 

Composltion: 
An iron silicon alloy. 

Physical Constants: 
Density, g&u cm 
Volume resistivity. microhm-cm 
Ferric induction, samration value 

7.65 
45 

(effective value, coated specimen), B-H, kilogausses 
Curie Temperature, OF (“c) 

PROPERTIES 

19.9 
1380(749) 

Table 1 -MAXIMUM CORE LOSS* LIMlTS. ARMCO TRAN-COR GRADE H-O 
Thickne.ss”. (mm) 0.009(023) 
Core loss @ 60 Hertz 17kG inductionq waas/Ib(waas/kg) 0.60(132) 
Core loss @ 50 Hertz, 17kG induction, waas/lb(watts/kg) 0.46(1.01) 

*Equivalent to AS-l?4 Core Lass Type 23 P 060. 

Table 2 - REPRESENTATIVE MECHANICAL PROPERTIES 

Tensile strength in the rolling direction, psi(MPa) 48ooo(331) 
Yield strength in the rolling die&m. psi(MPa) 45000(310) 
Elongation in the rolling direction (2”). % 12 
Rockwell hardness. 15T Scale 85 

Equivaknt B Scale 76 
Modulus of elasticity in the rolling direction, ksi (MPa)* 16500(113800) 

20” to the rolling dire&on 20000(138000) 
45’ to the rolling dire&on 35000(241000) 
55” to the rolling direction 40000(276000) 
90” to the rolling direction 29500(203ooo) 

*Value-s may vary a5 much as &5%. 
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Figum 2 Figure 3 

Magnetic Characteristics: 
COElOSSatVZiOUS inductions for SO.60 and 400 Hertz; 
D-C magneoiation curve; and D-C hystercd Ioops for 
peakimkionsof13and17kilogaussesareshownin 
figures la, lb, 2 and 3. For additional curves of magnetic 
ctlarxterisli~ consult the producer. 

Coating: 
Armco-developed inorganic Carlite*3 insulative coating 
applied over the mill annealed finish is intended for ma- 
&alsthatwiIlbeusedintheformofshearedlaminations 
for power transformers. It corresponds to AISI C-5 insu- 
lation. In addition to its excellent insulation qualities, the 
coating supplies a benefEial tensile stress and conaibutes 
to better magnetic properties and decreased stress sensi- 
tivity. The smooth surface of Carlite 3 allows for easy 
assembly of laminations. 
*CarIke is a registered trademark of Annco Inc. 

Heat Treatment: 
Full magnetic properties are developed by closely con- 
trolled mill amding. To suess relieve after fabrication, 
heat to 1400-1550°F (760445°C) and cool to room tem- 
pemtm~main&ingaunosphereprotectionto600-700°F 
(315370°C). Stress relieving may be done in box fix- 
nixes with inner protective covers. It is essential that 
atmosphexesfreefkanuu%onandoxygenbeused. 

General Characteristics: 
Like other Armw oriented steels, TRAN-COR H-O steel 
has exceptionaUy high lamination facuns. The steel ex- 
hibits an outstanding degree of grain orientation, high 
permeability particularly at higher operating inductions, 
improved resistance to magnetic damage resulting tirn 
elastic strain incurred in core construction and reduced 
rnagnetostriction with a potential for less noisy core 
smlctures. 

Forms Available: 
Armw TRAN-COR H-O is available in coils 0.009” 
(023mm) thickness 34” wide or narrower. 

Applications: 
Transformer cores. 

Producers: 
Axmco Advanced Materials Company 
Butler, Pennsylvania 16001-1609 
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1 ELEKTRON ZTl 1 
Magaosium Alloy 

I 1 MARCH 1953 
DATA ON WORLD WIDE METALS AND ALLOYS 

Pvblisbed by 
Engineering Alloys Digest, Inc. 
Upper hfontclair. New Jersey 

ELERYRON ZTl 
(MAGNESIUM CASTING ALLOY, CREEP-RESISTANT UP TO 660°F.) 

ELEKTRON ZTl is distinguished by the best combinatioa of properties at temperatures of and above 600°F of any mag 
nesium casting alloy; also by excellent room temperature properties, by freedom from microporosity, and exception4y good 

founding characteristics. Very suitable for jet engine parts. 

Composiiion: 

Thoriom 
ZiliC 

Zirconium 
Impurities 

Maw-= 

z%z 
1:on 
Nlckei 
Rare earth metals 

Magnesium 

3.0 
2.3 
0.7 

0.15 maJL 
0.03 max. 
0.01 max. 
0.01 max. 
0.005 max. 
0.10 max. 
b&tlCC 

Physical Consiankz 

Specific gravity, g/cc 
Density, lb/c= in. 
Modulus of elasticity, psi 
Modulus of rigidity, psi 
Poisson’s ratio 

1.83 
0.0657 
6,500.000 
2.500.000 
0.3 

PROPERTIES 

Table 1 
TYPICAL MECHANICAL PROPERTIES 

Tensile strength, psi 27,000-31,500 
Yield strength, psi 12,500-15,000 

Elongation, % in 2” 5-10 

Brine11 hardness, 500/30/10 50-60 

Table 2 
ELEVATED TEMPERATURE PROPERTIES 

Temperature Tensile Strength Elongation 
‘F psi % in 2” 

527 12.100 50 

572 10.750 617 l&O80 2 
6452 9.630 35 

Temperature Fatigue limit for 5x10; 
‘F reVeMk in psi. NOTCHED 

Table 3 
FATIGUE PROPERTIES 

(Single point loading alternating bending fatigue) 

Fatigue limit for specified 
rWCTSilk in psi. UNNOTCHED 

68 2 10,080 - 
392 - -c?,170 
482 - ~6,050 
600 - f4,'OO 
662 - -C j.470 

10’1 

I’rmperaturc “1: Stress psi 

Table 4 
CRLEP PROPERTIES 

Rdte IO-; in./in.;‘hr, 

600 1.680 11 (~OOil.OOO hi-s.) 0.10 (200 hi-s.) 
2.240 15 (3OO/l.U00 hrs.) 0.15 (203 hrs.) 
3.360 I5 (500/1.301J hrs.) 0.28 (500 hrs.) 

662 1.120 9 (300,‘1.000 hrs.) 0.04 (200 hrs.) 
1.6m-l >35 (500~' 700 hrs.) U.YO (X3 hrs.) 
2,240 430 (800~‘1,000 hrs.) 1.50 (800 hrb.) 

5x10’ 108 

410.080 - 
- 27,170 
- =6.050 
- *3.360 
- 22,350 



Castability: 
The aby is completely free from microporosity and 
posses exceptionally good founding properties. 

Heat-Ttimeat: 
Elektron ZTl requires no high temperature solution 
heat-treatment for the development of the maximum 
creep resistance and mechanical properties. A simple 
Stabilizing anneal at the maximum service temperature 
of the casting is the only heat-treatment required. 

Macbiaabillty: 
Like all magnesium-base alloys, Elektron ZTl has 
excellent ma&i&g 

J 
uaiities. 

per cubic inch of me 
The power required 

removed is about one-sixth that 
required for steeI and about half that needed for 
ahrninum. In general the higher the cutting speed the 
better the resulk, the limiting factor being the Power 
of the machine rather than the qualitg of the tool 
material. 
High-speed tooIs are normally suitable but tipped tools 
are preferred. 
diamond tools. 

Very good finish cuts are obtained with 
Took must be kept sharp ; they must 

always take off a definite cut; they must have a definite 
clearance to avoid rubbing ; and they must not be al- 
lowed to dwell in the cut. Dry ma&i& is recom- 
mended ; corn 

ran 
ressed air is sometimes used or cooling. f 

If liquid coo k are indispensable, then mineral oil 
base fluids are recommended. Water base coolants 
should not be used. 
High speed steel lathe tools for rough cutting should 
have a 15-20° to rake, 5-10’ side rake, 8-10’ front 
clearance, 3-6’ si P e clearance, 
of about 35”. 

and a cutting edge-angle 
Finishing tools should be designed as 

for rough cutting tools exce t for a round nose of 
0.040” diameter. 
have smakr rake 

Tip 
r 

-cart ide cutting tools should 

the cutting edge. 
ang es to provide more support for 
Forming tools usuaIly have the back 

rake angle reduced to 4-8” to eiiminak possible chatter. 
Parting toois should have dearance angle of about 
6-8’, except the side face clearance angle which could 
be about 3-5”. A 15-20“ back rake is recommended 
for parting tools. 
Moderate feeds and depth of cut, high cutting speeds, 
large rake angles, and ample chip clearance are desir- 
able. Cutting speeds of 2500-5000 sfpm with O.OlO- 
0.030 inch per revolution feed and 0.150 inch maxi- 
mum depth of cut can be used for roughing, while 
cutting SW of ZSOO-5000 sf 
inch maxmum depth of cut can r 

with 0.003-0.015 
used for finishing, 

when using high speed St4 turning tools. 

Joining: 

This ailoy can be joined by the usual methods - rivet- 
ing, bolting and screwing ; aiso it is parricukriy easy 
to weld by the argonarc or heliarc method. Gas weld- 
ing is not feasible. 

Surface Treatment: 
The normal methods of protecting magnesium alloys 
by chromate baths apply equally to this alloy; in parti- 
dar the chrome-manganese bath will give a deep 
brown or black finish. Whenever possible painting 
should follow immediately. There are numerous 
suitable primers and enamels (air-drying and stoving 
types) available. The priming coat should contain 
preferably a chromate only as an inhibitor. Exe - 
tionally good adhesion and abrasion resistance can % 
obtained by the application of Araldite or ik equi- 
valent for use in special conditions. 

General Characteristics: 
Elektron ZTl is the magnesium alloy with the best 
combination of properties at temperatures of and 
above 600°F. In addition it has excellent room tem- 
perature properties and ik general chamcteristics are 
similar to those of the magnesium-base alloys con- 
taining zirconium and rare earths. 

Corrosion Resistance: 

The alloy is perfectIy stable in normal atmospheric 
conditions, but it should not be used unprotected in 
marine applications. Galvanic corrosion does not occur 
except in the presence of an electrolyte, and it can be 
prevented by suitable methods of insulation. 

Resistance to Oxidation: 

Undue oxidation of Elektron ml is not likely to occur 
in service. Exposure to normal atmosphere at tempera- 
tures up to 660°F for periods of up to 1,000 hrs. re- 
sulk in only superficial tarnishing: no serious exfoha- 
tion has been observed up to 750°E 

Forms Available: 

Sand castings and Permanent mold castings. 

Applications: 

Mainly for components (such as jet engine Park) 
which must be creep-resistant up to about 660°F. 

Manufacturer: 
Magnesium Elektron Ltd., Manchester, England 

Licensees: 

Howard Foundry Company, Chicago, Illinois 
Roiie Manufacturing Co., Inc., La&ale, Pennsylvania 

Ahuninium Laboratories Limited, Montreai, Canada 
The Robert Mitchell Co. Limited, Montreal, Canada 



FI FKTRON MSRIB 

ELEKTRON Alloy Elektron MSR-B is a magnesium casting alloy developed to offer good properties while retaining good foundry 
characteristics. The alloy is used in aerospace and military applications. 

'\-nz Magnesium 

Elektron is a registered trademark of Magnesium Elektron Limited. 

Chemical Composition, wt.%: 
(Nominal) 

Silver 
Rare earths 
Zirconium 
Magnesium 

Physical Properties: 

Specific gravity 
Coefficient of thermal expansion, 

at 25.3 OC (77.5 O F ) ,  

1 0-6/K (1 0-6/oF) 

(Btdlb . h .  O F )  

Thermal conductivity, W/m . K 

Specific heat, Jkg  * K (Btu/lb * OF) 
Electrical resistivity, nR * m 

Melting temperature range, "C (OF) 
(L2 circular-mil/ft) 

Mechanical Properties: 

2.0-3.0 
2.0-3.0 
0.4-1.0 

bal 

1.82 
26.7 (14.8) 

113 (65.3) 

1000 (0.24) 
68 (40.9) 

550-640 (1 022-1 184) 

Design data; minimum specification tensile properties: 

0.2% proof stress, MPa (ksi) 
Tensile strength, MPa (ksi) 
Elongation, % 
Modulus of elasticity, 

GPa (1 O6 psi) 
Poisson's ratio 
Vickers hardness 
Damping index 

See also Tables 1 to 3. 

185 (26.8) 
240 (34.8) 

2% 
44 (6.4) 

0.3 
80-105 

0.4 

Table 1 Mechanical properties at ambient temperature 
Typical tensile properties 

0.2% proof stress, MPa (ksi) 205 (29.7) 
Tensile strength, MPa (ksi) 266 (38.6) 
Elongation, YO 4 

Typical compressive properties 
0.2% proof stress, MPa (ksi) 165-200 

Ultimate strength, MPa (ksi) 3 10-385 
(23.9-29.0) 

(45 .O-55 3) 
152 (22.0) 
14.9 (13.6) 
100 (14.5) 

Typical shear; ultimate stress, MPa (ksi) 
Fracture toughness (&), MPa & (ksi) 6 
Fatigue strength, rotating bend fatigue test, 

unnotched, at 5 x lo7 cycles, MPa (ksi) 

Castability: 

Excellent castability. Fine-grained microstructure and pressure 
tight. Pattern makers shrinkage factor is 1.3%. 

Weldability: 

Weldable by the tungsten arc inert gas (TIG) process with a 
filler rod of a similar composition. Castings should be heat 
treated after welding to obtain optimum properties. 

Machinability: 

Electron MSR-B castings, like all magnesium alloy castings, 
machine faster than any other metal. If the geometry of the part 
allows, the limiting factor is the power and speed of the machine 
rather than the quality of the tool material. The power required 
per cubic centimeter of metal removed varies from 9 to 14 watts 
per minute depending on the operation. 

Heat Treatment: 
Surface Treatment: 

Castings are given the following T6 heat treatment to obtain 
optimum mechanical properties: (i) Solution treat for 8 h at 525 
"C (977 OF). (ii) Hot water quench using water at 60-80 "C 
(140-175 OF) or polymer quench. (iii) Age for 16 h at 200 "C 
(400 OF), air cool. 

All the normal chromating, anodizing, and finishing treatments 
are applicable. 
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General Characteristics: 
Table 2 Typical elevated-temperature tensile properties 
Temperature, O.Z0h proof stress Tensile strength Elongation, 
OC (OF) MPa ksi MPa ksi YO 

100 (212) 195 28.3 230 33.4 15 

Table 2 Typical elevated-temperature tensile properties 
Temperature, O.Z0h proof stress Tensile strength Elongation, 
OC (OF) MPa ksi MPa ksi YO 

100 (212) 195 28.3 230 33.4 15 
150 (300) 182 26.4 208 30.2 19 
200 (390) 165 23.9 185 26.8 24 
250 (480) 122 17.7 160 23.2 30 

Corrosion Resistance: 

ASTM B117 Salt Spray test 
Corrosion rate for base metal: 5.6 mg/cm2/day (430 mpy) 

This alloy is perfectly stable in normal atmospheric conditions, 
but it should not be used unprotected in marine applications. 
Galvanic corrosion does not occur except in the presence of an 
electrolyte and can be prevented by suitable methods of 
insulation. The alloy is not susceptible to stress-corrosion failure 
in salt solutions. 

Specification Equivalents: 

UNS M18220 
AECMA MG-C-5 1 
AFNOR G-Ag2.5TR 
MOD DTD 5035A 

This alloy is a high-strength magnesium casting alloy developed 
by Magnesium Elektron to have good ambient and elevated- 
temperature properties while retaining good foundry 
characteristics. It is a fully heat treatable magnesium alloy 
containing silver and rare earth metals. It is pressure tight, 
weldable, and may be used up to temperatures of 200 "C 
(390°F). 

Applications: 

The alloy will be of interest to designers requiring good 
retention of properties at elevated temperatures for aerospace, 
automotive, and military applications. 

Producer: 

Magnesium Elektron Wrought Products, North America 
Madison, IL 62060 
Tel: 618-452-5190 
Fax: 618-452-7929 

In United Kingdom: 
Magnesium Elektron UK Operations 
Swinton, Manchester England M27 8DD 
Tel: +44 (0) 161 91 1 1000 
Fax: +44 (0) 161 91 1 1010 

Table 3 Creep strength 
Stress to produce specific creep strains 

0.1% creep strain 0.2% creep strain 0.3% creep strain 
Time at temperature MPa ksi MPa ksi MPa ksi 
150 "C (300 O F )  

10h  
100 h 
500 h 
1000 h 

10h  
100 h 
500 h 
1000 h 

10h  
100 h 
500 h 

150 O C  (300 O F )  

250 O C  (480 O F )  

... 

... 

... 

... 

102 
74 
54 
46 

43 
26 
14 

... 

... 

... 

... 

14.8 
10.7 
7.8 
6.7 

6.2 
3.8 
2 

... 

... 
135 
123 

... 
86 
65 
56 

... 
34 
22 

... 

... 
19.6 
17.8 

... 
12.5 
9.4 
8.1 

... 
4.9 
3.2 

... 

... 
160 
151 

... 
103 
83 
72 

... 
41 
27 

... 

... 
23.2 
21.9 

... 
14.9 
12 

10.4 

... 
5.9 
3.9 

ISSN: 002-614X Mg-74B 
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m -- , Rlinq Code: Ma-l 

C.D.C. M anganese Alloy No. 772 L.IZ~Z$k 

DICESTd 4JLT 1753 
DATA ON WORLD WIDE MEYALS AND ALLOYS 

Prbhrbd by 
Wg Alloys Digest, k 
upper htcJa& New Juv 

C. D. C. MANGANESE ALLOY No. 772 

C. D. C. MANGANESE ALLOY No. 772 offers a combination of high strength and ductility. It has a high temperature 
c&cent of expansion, high electrical resistivity, low thermal conductivitg, and high vibration damping constant. 

cePpesition: Physical Coastamts: 

Mangrn= 
CoPPer 
Nickel 

NOlllid Range 

72 71.75-72.25 
18 17.90-18.10 
10 9.90-10.10 

Specific gravity, g/cc 
Density, Ib./cu.in. 
Electrical resistivity, ohms per cir mii ft. 
Temperature coe&cient of expaosion/°C 

(25.150°C) 
Temperature coe&ient of resistancel°C 

(25~150%) 0.000141 
Thermal conductivity, cal/sec.km/‘Ucm 0.02 
Emissivity, as rolled, % 26 
specific heat, cal/gPC( 15.35OC) 0.126 
Vibrating damping constant, % 2.3 
Magnetic characteristic 
Modulus of elasticity, psi 

ncmmsgnctic 
18,000,000 

7.21 
0.26 
1050 

0.0000275 

PROPERTIES 
Table 1 

TYPICAL MECHANICAL PROPERTIES 

Tensile strength, psi 115000 
Yield strength, psi (0.1% set) 95000 
Proportional limit, psi 50000 
Elongation, % in 2” 6.5 
Vickers hardness (50% cold reduction) 220 

Table 2 
EFFECT OF ELEVATED TEMPERATURES 

Temperature 
OF 

Tensile Yield Proportiooal 
StKllgth StRtlgth Limit 

psi 0.1% set, psi psi 
Elongation 

$6 in 2” 

0 115000 92000 48000 6 
100 112000 92000 48000 6 
200 110000 91000 47000 5.8 
300 108000 90000 45000 5.5 
400 104000 88000 40000 5.0 
500 97000 a4000 35000 4.5 
600 91000 76000 30000 4.0 

Table 3 
EFFECT OF ELEVATED TEMPERATURES 

Temperature Expansior? 
OF Coel&ient 

0 0.0000148 
100 0.0000151 
200 0.0000154 
300 0.0000166 
400 0.0000175 
500 0.0000188 
600 0.0000200 

* in/h/q= 

Resistivity 
ohms/& nil ft. 

1035 
1055 
1062 
1070 
1075 
1080 
1080 



Machinability: 

C.D.C. MANGANESE ALLOY No. 772 is satisfac- 
torily machinable, and it machines similarly to Monel. 
Because of its great toughness, cutting speeds are some- 
what slower and feeds lighter than those for mild steel. 
Tools should be of high speed steel, especially the 
cobalt type, ground with sharper angles than for steel. 
Sulphurired cutting oil should be used abundantly as 
a lubricant for boring, drilling, tapping, etc., and is 
preferred for all work, though water-soluble oils suf- 
fice for lathe work. In turning screw machine parts a 
good finish is obtained by using carbon tetrachloride 
as a coolant. Below are given some general recom- 
mendations of speeds for cutting this alloy: 

;g ??ztf 
Feed, 

Operation “, * inch 
- - 

Turning 45-65 l/8-1/16 1/S-1/16 
Drilling 40-60 Same as for steel 
Maillg 50-65 0.005-0.010in/tooth 
Tapping 20-25 
Thread chasing 20-25 
Reaming 25-35 Twice drill speeds 

For high production, carbide-ti ped tools should be 
used. All cutting tools shoul lf be ground to sharp 
cutting edges, and the speeds and feeds should be 
.moderate. Standard twist drills should have polished 
flutes and must be kept feeding into the work. 
fluted, high s 

Spiral- 
d steel reamers with narrow lands and 

well polishe 8” flutes are used and are kept sharp at all 
times. 

Workability: 
This alioy can be readily stamped, drawn, and extruded. 
Its hot working temperature range is 160&165O”F. 

Weldability: 
Can be spot welded, butt welded, or silver braxed to 
i&f or steel. It can be atomic hydrogen welded, 

Efeat Treatment: 

electric arc welded, resistance welded, and oxyacetylene 
torch welded effectively. After welding, no. thermal 
or chemical (passivation) treatments are necessary or 
recommended to retain or restore corrosion resistance. 

Geneml Characteristics: 
The exceptionally high electrical resistivity, low tem- 
perature coefficient of resistance, and excellent physical 
properties are a combination which makes the alloy 
ideally suited for low temperature resistor applications. 
Also in electrical ap aratus, parts located in a varying 
magnetic field are ree from eddy current losses, if P 
made of the No. 772 alloy, due to its high electrical 
resistivity. The combination of high strength and a 
high specific damping constant makes the alloy de- 
sirable in applications which cannot incorporate rubber 
or plastics to reduce vibrations. It is especially useful 
in eliminating sustained resonance of metallic members 
due to intermittent shock. The damping rate of the 
alloy is about twenty-five times greater than for 
hardened steel when compared at low stresses. The 
electrical resistivity value is not affected by annealing 
procedure, cold working, or by cooling to minus lOOoF. 
The alloy is nonmagnetic. Low thermal conductivity 
combined with high strength makes the alloy useful 
in power transmission where heat flow must be 
minim&d. 

Forms Available: 
Sheet, strip, hot-rolled round bars, extruded tubing, 
special shapes. 

Applications: 
Low temperature resistor ap lications - rheostats, 
auxiliary heaters for circuit i makers - electricallv 
heated ex ansion elements, thermostatic bimetal, ele& 
trical P app iances, low thermal transmission couplings. 

,&nneal: Heat in neutral or reducing atmosphere (S-free) at 
1400-1425°F, hold at temperature for 20-30 minutes, 
cool in furnace to 4000P, then air cool. 

Stress-Xelief: Heat in neutral or reducing atmosphere (S-free) 
at 675-700°F, hold at temperature for 30 minutes, cool 
in furnace to 400°F, then air cool. 

Pickling: 
To remove slight discoloration or heat tint due to hi:h 
temperature heat treatmeLt, immerse in a 10% nitric acid 
plus 2% hydrofluoric acid solution at llO-140'3. Can also 
Se pickled in a solution of supersaturated ammonium sulphate 
containing 5% concentrated nitric acid. 

Manufacturer: 
Chicago Development Corporation 

Riverdale, Maryland 



Filing Code: Mn-3 

February 2008 - DIGEST - DATA ON WORLDWIDE METALS AND ALLOYS 
CopyrlghtB 2006, ASM Internatlone/@. All rights 
reserved. Data shown are typlcal, not to be 
used for speclilcatlon or flnal design. 

KANTHAL@ 200172 
(Thermostatic Bimetal) 

Published by: ASM lnternatlonal 
Materlals Park, Ohlo 44073-0002 
440-336-5151 CustomarSarvlca~asmlntarnatlonsl.org 
Fax 440-336-4634 www.asmlntarnatlonsl.org 

Kanthal200/72, a thermostatic bimetal, is recommended for use in the temperature range -20 to 250 "C (-4 to 480 O F ) .  

Kanthal is a registered trademark of Kanthal AB. Invar is a registered trademark of Imphy Alloys S.A. 

Chemical Composition, wt.%: Temperature range, "C ( O F )  -10 to 250 (14 to 482) 
Maximum operating temperature, "C ( O F )  
See also Table 1.  

330 (626) 
(Nominal) 

High-expansive component Low-expansive component 

Mechanical Properties: Designation 41 1 430 
Manganese 74.0 0.30 
Nickel 11.5 36.5 

Iron ... bal See also Table 2. 
Young's modulus, GPa (lo6 psi) Copper 14.0 ... 135 (20) 

Physical Properties: General Characteristics: 

(Marking on the high expansion side 210TB20220) 
Density, kg/m3 (lb/ir~.~) 7800 (0.282) 
Coefficient of linear thermal expansion, 

35-120 "C (95-248 O F ) ,  

1 0-6/K ( 1 O-6/oF) 
High-expansive component 41 1 27.3 (15.2) 
Low-expansive component, 430 1.0 (0.56) 

20.8 ( 1  1.6) 
39.0 (21.7) 

6 (3.5) 

460 (0.11) 

Specific deflection heat, 10-6/K (lO-'?"F) 
Linear thermal curvature, 10% (10-6/"F) 

Thermal conductivity, 20 "C (68 O F ) ,  
W/m . K (Btu/(ft . h . O F ) )  

Specific heat capacity, 20 "C (68 O F ) ,  

Linearity range, "C ("F) -20 to 200 (-4 to 392) 

J k g  * K (Btuflb * O F )  

Kanthal200/72 is a thermostatic bimetal that is recommended for 
use in the temperature range -20 to 250 "C (-4 to 480 O F ) .  

Bimetal consists of two or more metallic strips, each with different 
thermal expansion, bonded together. When heated up, the bimetal 
bends in a predetermined manner and can be used to monitor, measure, 
or regulate heat. 
The relative thickness of the components is shown below. 

Allov Designation Portion of thickness. % 

High-expansive 72- 18- 10 41 1 51.8 

Low-expansive Invar 145 430 48.2 
component 

component 

Applications: 
Table 1 Electrical Resistivity 

The main applications are in thermostats for room heaters or water 
mixing, but the material is also used in control devices in automobiles. Temperature Resistivity 

Designation O C  O F  pa . m circular-mil/ft 

Bimetal 200/72 0 32 1.09 656 
20 68 1.10 
100 212 1.20 722 
200 392 1.27 764 
300 572 1.33 800 Kanthal offers a wide range of manufactured widths ranging between 

High-expansive component 41 1 20 68 1.71 1029 1 .O and 70 mm (0.039 and 6.63 in.) and in thicknesses between 0.10 
Low-expansive component 430 20 68 0.80 48 1 and 2.5 mm (0.0039 and 0.097 in.). 

662 Product Forms Available: 

Table 2 Mechanical Properties 
Yield strength, 0.2% Tensile strength 

Designation Condition MPa kd MPa kd Elongation, % Hardness, nv 
High-expansive component 41 1 Annealed 230 33 470 68 40 110 

Low-expansive component 430 Annealed 270 39 450 65 40 110 
Cold worked 35% 230 

Cold worked 35% 270 
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Producer: 

Kanthal AE3 
Kanthal Heating Systems 
Amherst, NY 14228-231 1 
(716) 691-4010 
(716) 691-7850 (fax) 
www.kanthal.com ISSN: 002-614X Mn-3B 
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CHLORIMET @ 2 

Filing Code: Ni-12 
m Nickel Alloy 

u 
- Revision May 1996 

Pubfished by: A.%4 lnternatmnal 
Matenais Park. Ohm 44073-#02 
21633.35151 Fax216336463 
Mem-Serv@po.ASM-lnlorg 

(Corrosion-Resistant Cast Nickel-Base Alloy 
CHLORIMET 2 is a nickel-base alloy that provides good resistance to corrosive conditions not normally handled by other types of 
commercially available alloys. CHLORIMET 2 is a refined equivalent of HASTELLOY@ B and is most commonly used in engineered 
equipment. such as pumps and valves. made by the alloy’s manufacturer. 

CHLORIMET is a registered trademark of the Duriron Company, Inc. HASTELLOY and B-2 are registered trademarks of HAYNES 
International. Inc. Stellite is a registered trademark of Deloro Stellite Inc. 

Chemical Composition, w-t%: 

Molybdenum 
Chromium 
Carbon 
Silicon 
Iron 
Manganese 
Phosphorus 
Sulfur 
Nickel 

(a) Duriron’s limit is 0.03 max. 

30.0-33.0 
I .o max. 
0.07 max.(a) 
1 .OO max. 
3.0 max. 
1 .OO max. 
0.040 max. 
0.030 max. 
Balance 

Physical Properties: 

Density 
lb/in3 0.33 
kg/m3 9200 

Specific gravity 9.2 
Melting point, “F(“C) (approx.) 2400 (1300) 
Thermal coefficient of expansion 

1 O+F (at 70600°F) 6.4 
10-6/T (at 2 l-3 16°C) 11.5 

Modulus of elasticity 
106 psi 27 
GPa 186 

Mechanical Properties: 

(Solution-annealed. water-quenched condition) 
Tensile strength, min. ksi (MPa) 76 (525) 
Yield strength (0.2% offset), min. ksi (MPa) 40 (275) 
Elongation (2 in. or 5 1 mm). min. R 20 
Brine11 hardness 230 
Charpy impact (V-notch), ft. lbf (N m) 20 (27j 

Heat Treatment: 
Chlorimet 2 castings are provided in the solution-annealed. 
water-quenched condition. which optimizes corrosion resistance 
and mechanical properties. They are heated to 2050 IO 2150°F. 
equalized and water quenched. 

Machinability: 

Chlorimet 2 can be machined readily. in general with slower 
speeds and lighter feeds than required with the austenitic stainless 
steels. Turning. facing. and boring with Stellite@ cobah-chro- 

mium-tungsten metalcutting tools can be done using a soluble-oil 
COOl~t. 

Production of Castings: 
Chlotimet 2 can be cast successfully with no unusual problems. 
It exhibits very predictable corrosion resistance because contami- 
nating elements in the alloy are strictly maintained at a minimum. 
Iron and carbon. which are deleterious to the general corrosion 
resistance of this type ahoy, are closely controlled by using only 
select raw materials. 

Joinability: 
Chlorimet 2 can be welded. brazed. and silver soldered by all 
methods used for stainless steels. that is, all methods of welding 
except hammer or forge welding. In metal-arc welding direct 
current with reversed polarity should be used. 

Corrosion Resistance: 
Because of its excellent resistance to corrosion, Chlorimet 2 is 
widely used in the manufacture and/or processing of many prod- 
ucts. 

Hydrochloric Acid. Chlorimet 2 finds its greatest use in the 
handling of hydrochloric acid: it is suitable for all concentrations 
to the boiling point. Corrosion rates for Chlorimet 2 in boiling 
hydrochloric acid are shown in Fig. 1. It must be kept in mind. 
however. that the corrosion rate for Chlorimet 2 in hydrochloric 
acid is increased if oxidizing contaminants are present. This 
would include oxidizing chlorides such as ferric chloride. cupric 
chloride. hypochlorites. etc.. or other oxidizing media such as 
nitric acid. or even aeration. 

Sulfuric Acid. Chlorimet 2 has excellent resistance to all concen- 
trations of sulfuric acid within the temperature limitations shown 
in Fig. 2. As with hydrochloric acid. the presence of oxidizing 
contaminants renders Chlot-imet 2 unsuitable in sulfuric acid. 
Less expensive alloys are sufficiently resistant to many condi- 
tions of sulfuric acid. and these alloys are naturally selected 
whenever possible. However. contamination of sulfuric acid with 
fluorides. chlorides. or other reducing species may necessitate the 
selection of Chlorimet 2. In nonoxidizing sulfuric acid solutions 
up to 50% concentration. Chlorimet 2 is the most resistant ahoy 
available next to noble metals (gold. platinum. etc.). high-silicon 
iron. and refractory metals such as tantalum and zirconium. 

Phosphoric Acid. Chlorimet 2 finds use in the handling of 
phosphoric acid when higher temperatures and/or the presence of 
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contaminants such as chlorides and fluorides result in conditions 
too severe for alloys such as cast Type 316 stainless steel. 
Chlorimet 2 is resistant to all concentrations of pure phosphoric 
acid up to 300°F (149°C). This temperature limitation can be 
raised depending on exact concentration of the acid. 

Other Media- The manufacturer has data on the resistance of 
Chlorimet 2 to many commonly handled corrosives and strongly 
urges the prospective user to ask for these data The user should 
furnish a complete description of the corrosive condition (see 
next paragraph). In this way the manufacturer’s staff of engineers 
can study the problem and make reliable recommendations based 
on many years of experience in the cotrosion field. 

Many factors influence the corrosion resistance of any alloy in 
service. The factors which must be given consideration are tem- 
perature. concentration. aeration, influence of recirculation. sol- 
ids in suspension. velocity, continuity or frequency of use. and 
equipment design. The influence of contaminants is probably the 
most important from a commercial standpoint: while the majority 
of contaminants have no influence on corrosion, those that do 
generally tiect the conditions greatly. Ferric chloride is a good 
example. Relatively small amounts of ferric chloride can cause 
destructive crevice corrosion and pitting to take place even 
though this salt was not added to the solution intentionally. 
Buildup of the corrosion products in a chloride solution may 
increase the iron concentration to a sufficient degree to be de- 
structive. 

Specification Equivalents: 
ASTM A 494. Grade N-7M 

(Requires castings with major weld repairs to be given a posrweld 
heat treatment.) 

General Characteristics: 
Chlorimet 2 is a Duriron-developed Mo-Ni alloy that has been in 
use since the early 1950s. Although there are many newer. but 
similar alloys available. most notably the Hastelloys. the 
Chlorimets have undergone constant refinement over the years so 
that in most services they are certainly equal if not superior to 
these newer cast versions. 

Chlorimet 2 is a highly corrosion-resistant cast metaLbase alloy. 
It consists primarily of nickel and molybdenum, a combination 
that provides excellent resistance to nonoxidizing media not 

‘2Ompy lines 
WI. % I4~0, 

Ftg. 2 Sulfunc acid ~~~orros~on than 

equaled by other type alloys. This is panicularly true of hot 
hydrochloric acid of all concentrations: strong, hot phosphoric 
acid: and various strong chlorides provided they have no oxidiz- 
ing tendencies. Chlorimet 2 should not be used for corrosives 
having oxidizing characteristics. 

Chlorimet 2 has excelient strength and ductility which allows 
adaptability to standard equipment designs. The high hardness of 
Chlorimet 2 provides good erosion-corrosion resistance for han- 
dling corrosive media which contain moderately abrasive solids 
in suspension. 

In ASTM A 494 for the cast nickel-base alloys there are two 
choices of the Mo-Ni alloys. There is the original Hastelloy B 
(N-12MV) and Chlorimet 2 alloy (N-7M). There is no ASTM 
cast grade for Hastelloy B-2. Chlorimet 2 has lower levels of 
critical residual elements. such as carbon and iron. than N- 12MV. 
Also. Chlorimet 2 does not utilize tungsten or vanadium. which 
along with lower iron and carbon. allows a higher content of 
nickel and molybdenum. which enhances the corrosion resistance 
of Chlorimet 2 as well as its ductility. This combination of nickel 
and molybdenum provides excellent resistance to nonoxidizing 
media as noted above. 

Forms Available: 
Castings. 

Applications: 
Chlorimet 2 is used for engineered equipment, such as pumps and 
valves. for handling corrosive chemicals. It also is used in many 
industries for processing and/or handling insecticides, paints and 
pigments. plastics, pulp and paper. foods, pharmaceuticals. soaps 
and detergents. organic acids. petroleum. sewage and many other 
materials. 

Manufacturer: 
The Duriron Company. Inc. 
Dayton. Ohio 45401 
(513) 476-6100 

Ni-12B 
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HPM@ 233 
(High-Purity Nickel Alloy) 

HPM 233 is a wrought nickel with low carbon. The alloy is used in electrical and electronic components. 

Chemical Composition, wt.%: Heat Treatment: 

(Nominal) 
Nickel 
Iron 
Manganese 
Carbon 

99.7 
0.05 
0.1 
0.01 

Physical Properties: 

(Typical values, not a guarantee of minimum or maximum) 
Density, kg/m3 (lb/in.3 ) 
Melting point, approximate, "C (OF) 
Resistivity at room temperature, 
pa + m (a circular-mil/ft) 

Temperature coefficient of resistivity, 

8885 (0.321) 
1445 (2633) 
0.077 (46) 

5500 (3055) 
20-95 "C (68-203 OF), ppm/"C 
(PP&"F) 

Coefficient of linear thermal 13.3 (7.4) 
expansion, 20-100 "C (68-212 OF), 
106/K (106/"F) 

Thermal conductivity at room temperature, 
W/m . K (Btu/(ft. h . OF)) 

Curie temperature, "C (OF) 
Magnetic attraction Yes 

80.7 

350 (662) 

Mechanical Properties: 

(Typical) 
Tensile strength, MPa (ksi) 

Annealed 
Cold rolled 

Annealed 
Cold rolled 

Annealed 
Cold rolled 

GPa (1 O6 psi) 

Yield strength, 0.2% offset, MPa (ksi) 

Elongation, in 2 in., % 

Modulus of elasticity in tension, 

Poisson's ratio 

379 (55) 
758 (1 10) 

103 (15) 
689 (1 00) 

40 
2 

207 (30) 

0.28 

In annealing, the time-temperature relationship is of prime importance 
with respect to grain growth. Box annealing is done most satisfac- 
torily at 705 "C (1300 OF), for 2-6 h at temperature. The total time in 
the furnace will depend on the rate of heating. The range for open 
annealing is 815 "C (1500 OF) for 2-5 min at temperature, or 925 "C 
(1700 OF) for Yi to 2 min at temperature when mechanical work is to 
follow. If manual operations such as spinning are to follow, the 
annealing time should be about 50% longer in order to soften the 
material fully. 
Annealing should be performed in a reducing atmosphere to retain 
bright finishes. Dry hydrogen and dissociated ammonia are preferred 
but less expensive atmospheres such as partially burned natural gas 
will also provide adequate brightness. Heating in oxidizing atmos- 
pheres at high temperatures should be avoided because of the danger 
of intergranular oxidation. HPM 233 nickel is sensitive to inter- 
granular attack from sulfur and metal such as lead, tin, zinc, and 
bismuth that have low melting points. Scrupulous care must be 
exercised to remove all traces of forming lubricants, marking paints, 
and shop oils prior to heating. Open-annealed material should be 
water quenched immediately following removal from the furnace. 
When the material is brought out into the air, an oxide flash may 
result. This can be reduced by quenching in a solution of 2-3% 
denatured alcohol in water, and the resulting surface will be clean 
and bright. 

Workability: 

This alloy can be hot worked readily. The proper temperature during 
deformation is the most important factor in achieving hot malleability. 
The recommended temperature range for hot working is 650-1 230 
"C (1200-2250 OF). All heavy hot working should be done above 
870 "C (1 600 OF); the metal stiffens rapidly below this temperature. 
Light working below 650 "C (1200 OF), however, will produce 
higher mechanical properties. 
HPM 233 can be worked by all conventional cold-forming methods. 
Generally, the alloy will behave similarly to mild steel except that, 
because of the higher elastic limit of Nickel 233, greater power will 
be required to perform the operations. The use of soft-temper material 
generally will yield the most satisfactory results in drawing and 
severe forming operation. Cold-rolled (not stretcher-leveled) and 

The measured elongation will be less as thickness decreases to 
0.002 in. and less. Mechanical property values may be adjusted by 
control of process variables. Consult the producer for desired values. 

annealed strip is in the best condition for pinning and other manual 
work. Tallow, soap, sulfur-base oil, soluble oil, and similar heavy 
lubricants are used in connection with cold-working operations. 
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Machinability: 

HPM 233 nickel can be machined satisfactorily. Because of its 
strength and toughness, cutting speeds should be considerably slower 
and feeds lighter than used for mild steel. Tools should be either of 
high-speed steel, (W-Cr-V type) or of super (cobalt-bearing) high- 
speed steel. Tool clearances should be kept to a minimum so as to 
give sufficient support for the cutting edge and sufficient bulk of 
tool material to carry away the heat generated at the edge. Rake 
angles should be large enough to reduce whip pressure and 
consequent frictional heat. A good grade of water-soluble oil should 
be supplied to the cutting edge of the tool in copious quantities. 

General Characteristics: 
This alloy is a commercially pure wrought nickel with low carbon. 
The material has excellent corrosion resistance with high thermal 
and electrical conductivities. The alloy can be formed by all con- 
ventional cold-forming methods and can be joined by welding, 
brazing, and soldering. The corrosion resistance is generally very 
good in most media, although it is subject to intergranular embrittle- 
ment by sulfur compounds above 315 "C (600 O F ) .  

Weldability: 
Electrical resistance welding can be applied successfully to HPM 
233 nickel for the small electronic components for which it is used. 

Corrosion Resistance: 
Atmospheric attack is usually very slow, although the metal may 
tarnish. It is resistant to marine corrosion, hydrogen sulfide water, 
and carbonated waters. Nonoxidizing neutral and alkaline salts are 
not very active on HPM 233 nickel. In general, it is much more 
susceptible to corrosion in an oxidizing atmosphere or by an oxidizing 
agent. Sulfurous atmospheres are most active in corrosion, especially 
above 3 15 "C (600 OF).  Oxidizing mineral acids or those containing 
oxidizing salts attack the metal violently, while oxidizing alkaline 
salts and ammonium hydroxide (over 10%) also attack the metal 
strongly. Molten metals are highly corrosive. 

Specification Equivalents: 
ASTM B 162 
ASTM F 3 
UNS NO2233 

Product Forms Available: 
HPM 233 Nickel is available as strip product in thicknesses from 
0.0005-0.020 in. and in widths up to 12.0 in. It is available as foil as 
thin as 0.000100 in. with maximum width 4.0 in. 

Applications: 

A high thermal coefficient of electrical resistance makes the alloy 
suitable for temperature sensors and electronic components. 

Producer: 
Hamilton Precision Metals 
Lancaster, PA 17601-2334 
(800) 476-7065 
(717) 569-7061 
(717) 569-7642 (fax) 
www.hpmetals.com 

ISSN: 002-614X Ni-635B 
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ISOPLAST 101, Unreinforced 
(Rigid Polyurethane Thermoplastic Polymer) 

ISOPLAST* 101, unreinforced, is a rigid, amorphous polyurethane thermoplastic polymer. It is opaque and impact modified. It 
is injection moldable and exuudable. It is characterized by its high impact strength, high abrasion resistance, excellent chemical 
and solvent resistance and low moisture sensitivity. 

*ISOPLAST is a trademark of The Dow Chemical Company. 

Chemical Characterization: 
Rigid thermoplastic polyurethane 
amorphous resin. 

Physical Constants: 
Melt flow rate, g/10 min. ASTM D1238 

(224’C, 500 g. wt., 6 min. preheat) 
specific gravity D792 
Water absorption, (24 hrs @ 73”F), % D570 
Mold shrinkage, in/in. (isotropic) D955 
Deflection temperature, OF (“C) D648 

@ 264psi 
@ 66psi 

8 

1.2 
0.17 

0.004-0.006 

158 (70) 
176 (80) 

PROPERTIES 

MECHANICAL PROPERTIES 

property ASTM Method Typical Value 
Tensile Strength, psi(MPa) D638 7200(50) 
Yield strength, psi(h4Pa) D638 7800(54) 
Elongation at yield, % D638 6 

at rupture, % D638 180 
Tensile modulus, psi(MPa) D638 19OoOO(1300) 
Flexural strength, psi(MPa) D790 10200(70) 
Flexural modulus, psi(MPa) D790 235000( 1600) 
Izod impact strength (73°F) D256 

Notched, l/8 in. thick, ft-lb/in(J/m) 18(960) 
Notched, l/4 in. thick, ft-lb/in(J/m) 16(850 
Hardness, Rockwell R D785 >lOO 

Rockwell M D785 48 
Taber abrasion resistance, mg D1044 

CS-17 wheel, 1OOOg wt, 
1000 cycles at 73’F 11 

Processability: Handling: 

ISOPLAST 101 resin must be dried to a moisture content 
of less than 0.03% prior to molding. This typically requires 
at least 4 hours in a dehumidifying hopper dryer between 
210 and 230°F with an operating dew point below -2O’F. 
Injection molding temperature range, 42046OoF. Extru- 
siontemperaturerange,41O-4500F.Theserangesaregiven 
as a guide only. 

ISOPLAST engineering thermoplastic resins are consid- 
ered to have a very low degree of toxicity and, under 
normal conditions of use, should pose no unusual problems 
from ingestion or contact with eyes or skin. Dust resulting 
from sawing, filing and sanding in post-molding opera- 
tions can be combustible. Adequate ventilation should be 
provided and dust masks are suggested when necessary. 



Material Safety Data (MSD) sheets are available from The 
Dow Chemical Company and should be requested before 
handling or using the resin. 

Disposal: 
ISOPLAST 101 resin may be disposed of in an approved 
industrial incinerator or other appropriate incineration 
facility. Disposal in an approved industrial landfii may be 
appropriate. Because the resin is inert and not readily 
degradable, it will not contribute to instability of the 
landfillorevolvegasesorleachatesknowntopollute water 
resources. 

General Characteristics: 

ISOPLAST 101 has low moisture sensitivity and excellent 
chemicala.ndsolventresistance.Ithashighnotchedimpact 
and abrasion resistance. It may be injection molded or 
extruded. It is an amorphous resin with crystalline proper- 
ties.Outstandingcontinuous-exposurechemicalresistance 
is a key advantage of this material. 

Applications: 
Markets include automotive, health care, lawn and garden 
and sporting goods. 
Use for applications demanding toughness and exceptional 
long-time resistance to chemical exposure. 

Producer: 

The Dow Chemical Company 
Dow Plastics 
Midland, Michigan 48674 
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GRILON ELX23NZ 
(Thermoplastic Polyamide Elastomer Alloy) 

GRlLON ELX23NZ is a thermoplastic polyamide elastomer with both rigid and elastomeric components. 

Grilon is a registered trademark of EMSChemie AG. Zurich, Switzerland. 

ChemkalChmacterization: 
GRILON ELX!3NZ is a thamoplastic 
polyamide elastomer wylon 6 based) 
alloyed with another thermoplastic 
elastomeric material.. 

Physical Properties (At 23°C unless otherwise indicated): 
Test Method 

Melting point DSC* max. 
Specific gravity ASTM D792 
Water absorption ASTM D570 

24 hour immersion 
ln 23oC air at 50% R.H.** 
h23TWater 

Linear mold shrinkage EMS 
Thermal coef. expansion DIN 52328 

Heat deflection temperature ASTM D648 
@ 66psi(O.46MPa) 
@ 264psi( 1.82MPa) 

Maximum usage temperature EMS 
Longterminair 
Short term in air 

Comparative tracking index ASTM D3638 

Dry’ 
Conditioned’ 

Volumeresistivity DIN 53482 

Dry 
Conditioned 

Dielectric strength, 3mm spec. DIN53481 

Dry 
COllditiOlld 

*DSC=Differential scanning cidorimeay. 
**R.H.=Relativehumidity. 
’ Tested dry-as-molded, containing less than 0.1% moisture. 

unit Value 

OF(“C) 408(209) 
1.03 

% 1.36 
% 1.0-1.5 
% ( Approx.) 5 
% 1.5-2.0 

perOF 7x10-5 

perT 12 x la5 

“F(‘C) 
“F(“C) 

OF(Y) 
“F(OC) 

158(70) 
95(35) 

176(80) 
212(100) 

Volts 
vohs 

Ohlll-Clll 
Oh-CIll 

kV/nun 
kV/mm 

10’5 
10’2 

50 
35 

‘Stored at 23”C/50% R.H. to achieve equilibrium moisture level before testing. 



PROPERTIES 
Table 1 -MECHANICAL PROPERTES ATU’C 

Test Method 

Tensile strength 

Dry’ 
COIldithld2 

Elongation 

Dry 
COIlditiOtled 

Flexural strength, at yield 

Dry 
COnditioned 

Flexural modulus 

Dry 
COllditiOIlCd 

Izod impact strength (notched) 

Dry 
COllditiOIled 

Hardness 

Dry 
COllditiOIld 

ASTM D638 

ASTM D638 

ASTM D790 

ASTM D790 

ASTM D256 

Shore D 

unit Value 

psi Wd 5450(38) 

psi0 4400(30) 

% 3903 
% 3703 

&MW 1500(10) 

psiW4 1100( 8) 

psi(MPa) 27000(186) 
psi(MPa) 20000( 138) 

ft-lb/m(J/m) No break 
ft-lb/im(J/m) No break 

50 
45 

i Tested dry-as-molded. containing less than 0.1% moisture. 
’ Stored at 23OC/50% R.H. to achieve equilibrium moisture level before testing. 
3 Machine limit, no break. 

Processing: 
injection Molding: Typical injection molding temperatures for 
Grilon ELX23NZ are: 

OF T 

Barrel 390410430 200-210-220 
Melt 445 230 
Mold 120 50 

Variations will occur depending upon part design, machine and 
mold configuration and production rate requirements. 
Extrusion: Typical extrusion temperatures are: 

Barrel 
Die 
Melt 

“F T 

355-375-390-390 180-190-200-200 
355 180 
410 210 

The above temperatures are for general purpose extrusion of 
tubing or simple profiles. For special applications such as large 
diameter tubing, high speed extrusion of thin-wall tubing, stock 
shapes or complex profiles, contact the resin producer. 
GRlLONELX23NZresinissuppliedpredriedtoO.1%moisture. 
For optimum processing and parts quality, it should be protected 
from exposure to a humid environment. If hopperresidence times 
are likely to exceed two hours, use of a hopper dryer operating at 
80°C is recommended. If the resin is exposed to a humid environ- 
ment for more than two hours, drying is recommended to ensure 
that its moisture content does not exceed 0.1% for processing. 
Use of a vacuum dryer operating at 1 10°C for three to four hours 
isstronglyrecommended.Adesiccantdryermay alsobeused,but 
to avoid oxidation of the material and consequent discoloration, 
temperaturesshouldnotexceed8O0C,withdryingtimesbetween 
six and ten hours. For longer drying periods. overnight for 
example, desiccant drying is acceptable at temperatures not 
exceeding 70°C. 

General Characteristics: 
GRILON ELX23NZ has excellent strength, toughness and duc- 
tility; outstanding abrasion resistance and bearing characteris- 
tics; very good resistance to a wide range of chemicals, solvents, 
oils and greases. It can be easily processed using conventional 
equipment suitable for use withNylon. Moisture content should 
not exceed 0.1% for optimum processing and product quality. 

Forms Available: 
Freeflowingpelletspackagedinmulti-wall,foil-lined,moisture- 
proof 25 kg bags. Gaylords can also be made available. 

Applications: 
lnjecdonmoldedorex~dedpartsrequiringhighs~ngrh,tough- 
ness and abrasion resistance together with very good resistance to 
solvents and a wide range of chemicals. 

Producer: 
EMS-American Grilon, Inc. 
P.O. Box 1717 
Sumter,SouthCarolina29151-1717 
Contact: John Mewbom, telephone (803) 481-3172. 
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VALOX%OO FAMILY 
(Unreinforced Engineering lhemoplastlc Resins) 

VALOX’%OO Family is comprised of four unreinforced thermoplastic resins 325,3 104X0 357 and 365. It is the most complete 
line of unreinforced thermoplastic polyester resins in the industry. 

VALOXe is a regiskred trademark of GE Plastics. 

Chemical Characterization: 
VALOR resins are polyester thermoplastic materials: specifically polybutylene texephthalaks (PBT). 

PROPERTIES 

Table 1 -PHYSICAL PROPERTIES OF VALOX@ 300 FAMILY 

property 

ASTM test 

Method 

Specific gravity D792 
Specific volume - 
Water absorption, 24 hr. D570 
Mold-shrinkage, flow and 
cross flow direction - 

25-50 lnil 
50-100 mil 
NO-180 mil 

Resin 

Units 325 31fkSEO 357 365 

- 1.31 1.39 1.34 1.33 
cu in./Ib 21.3 20.0 20.8 20.8 

% 0.08 0.08 0.08 0.14 

in/in x lo” 
7-13 6-12 6-10 6-12 
13-17 12-16 lo-15 12-16 
17-22 16-21 15-18 16-21 

Table 2 - THERMAL AND ELECTRICAL PROPERTIES OF VALOX@ 300 FAMILY 

ASTM test Resin 

PropeflY Method Units 325 31@SEO 357 365 

Heat deflection temperature TV 
@66psi (0.46MPa) 310(154) 325( 163) 28q138) 265( 129) 
@264psi (1.82MPa) 130( 54) 160( 71) 210( 99) 250(121) 

Thermal coef. expansion, D6% 
mold direction x 1Cr5 irslinloF(PC> 
40 to lOOoF (40 to 4OT) 4.5(8.1) 4.4(7.9) 5.1(9.2) 3.8(6X) 
140 to 280°F (60 to 14OT) 7.7(13.8) 7.3(13.0) 6.9(12.4) - - 

Dielectric strength, l/16” (1.6mm) D149 V/mil (kV/mm) 59q23) 560(22) 640(25) - - 
l/8” (3.2”mm) 400(16) 468( 18) 470(19) 307( 12) 

Dielectric constant D150 
lOOH 3.3 3.1 3.2 8.5 

1061-Iz 3.1 3.1 3.2 5.7 
Dissipation factor D150 

lOOH 0.002 0.002 0.003 0.002 
106Hz 0.02 0.02 0.03 0.03 

Volume resistivity D257 Ohm-cm x 1016 4.0 1.6 1.2 - 



Table 3 - UNDERWRITER LABORATORY PROPERTIES OF VALOX@ 300 FAMILY 
Test Resin 

fi0pel-Q Method Units 325 31OSEO 357 365 
FIammabiIity* uL94 - V-0x).028” - 5Vfl.123” 

HB/O.O58” 5V/o. 120” V.O/O.O25” V-O/0.03 1” 

Arc resistance ASTMD495 sec. l&1/0.120” 63fl.120” 7DO.120” 74/0.123” 
High voltage arc 

tracking rate UL 746A in/min 0.9/0.120” 18/0.120” 8.1/0.120” 5.1/0.123” 

High ampere arc ignition UL746A arcs 200+/0.120” 200+/0.120” 28fl.120” 50/0.031” 
Hot wire ignition UL746A sec. 27fl.120” 45/0.120” 37/0.120” 19/0.03 1” 

Comparative track index (CTI) UL 746A volts 600/0.120” 185/0.058” 275/0.120” 230/0.123” 
UL temp. index UL746B “C 

EIectrical properties 120/0.058” 120/0.028” 120/0.025” 105/0.03 1” 
Mechanical properties 

with impact 120/0.058” 120/0.028” 120/0.025” 105/0.031” 
without impact 140/0.058” 140/0.028” 140/0.025” 105/0.031” 

*This rating not intended to reflect hazards presented by this or any other material under actual fire conditions. 

Table 4 - MECHANICAL PROPERTIES OF VALOX@ 300 FAMILY 
Test Resin 

fiweflY Method Units 325 3 l&SE0 357 365 
Tensile strength [0.125”(3.2mm)] ASTM D638 ksi @@a) 7.5(52) 8.5(59) 7.0 (48) 6.0(4 1) 
Elongation at break [0.125”(3.2mm)] ASTM D638* % >200 80 110 120 
FIexuraI strength [0.125”(3.2mm)] ASTM D790 ksi(MPa) 12(83) 14.7(100) 12(83) lO(69) 
FIexuraI modulus [0.125”(3.2mm)] ASTMD790 ksi(MPa) 340(2300) 380(2600) 300(2000) 325(2240) 
Compressive strength ASTM D695 ksi(MPa) 13(90) 14.5(100) 5.3(40) - 
Shear strength ASTM D732 ksi(MPa) 7.7(53) 7.7(53) 6.0(40) - 
Izod impact strength ASTM D526 ft-lb/in(J/m) 

notched, 1/8in. thick 1.0(53) 0.7(37) lO(530) 12(640) 
unnotched, 1/8in. thick 60(3200) 60(3200) 600200) 60(3200) 

Gardner impact, 1/8in. thick Falling dart ft-lb(J) 30(4 1) 25(34) 32(43) 28(36) 
Rockwell hardness ASTM D785 R scale 117 120 117 115 

*Type V @ 0.5 in/mm 

Processing: 

VALOXB 300 family resins are characterized by fast 
processing cycles, excellent flow, easy mold release and 
similar mold shrinkage in flow and cross-flow directions. 
They process with low tool and machine wear. 

General Characteristics: 

Applications: 

Engineering products wheredimensional stability, chemi- 
caI resistance and low moisture absorption, high heat 
resistance and good electrical properties are important 

Producer: 

G.E. Plastics 
The VALOXB 300 family comprise the most complete 
line of unreinforced engineering thermoplastic resins in 
the industry. They have good dimensional and physical 
stability in most environments. They resist attack by most 
oils and greases. They process to a glossy, high-luster fm- 
ish with good lubricity. They exhibit high notch impact 
strength. They are available in a wide range of standard or 
custom-matched, molded-in colors eliminating the need 
for secondary finishing operations such as priming or 
painting. 

Plastics Group 
One Plastics Avenue 
Pittsfield, Massachusetts 01201 
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TACTIX 556 
(Low-Moisture, Hydrocarbon Epoxy Novolac Resin) 

TACTIX *556 is a multifunctional epoxy novolac resin. Its dicyclopentadiene structure has extremely low average molecular 
polarity, a feature critical to low moisture absorbance. 

*TACTIX is a registered trademark of the Dow Chemical Company. 

Chemical Characterization: 

TACTIX 556 is based on dicyclopentadiene-phenol (DCPD). Its structure is represented as shown here: 

Nr0.2 

PROPERTIES 

Table 1 - TYPICAL RESIN PROPERTIES* 

Epoxide equivalent weight 220-240 
Viscosity, cps @ 79°C 2250 
Resin form Semi-solid 
Average functionality 2.2 
Volatiles, wt %, max. 0.5 

*These typical properties are not to be construed as specifications. 

Table 2 - PROPERTIES OF TACTIX 556 AND BLENDS 
IN UNREINFORCED RESIN CASTINGS* 

Property** 

Tensile strength, ksi 
Tensile modulus, ksi 
Elongation, % 
Flexural strength, ksi 
Flexural modulus, ksi 
Glass transition temperature, “C 
Moisture absorbance (200 hour 

water boil), wt % 

TACTIX 556 
10.5 

380 
3.7 

19.7 
450 
223 

TACTIX 556+ 
10% Tactix 123 

10.8 
410 

3.7 
19.0 

460 
230 

TACTIX 556+ 
10% D.EN.t 431 

9.6 
460 

2.7 
20.3 

470 
225 

1.9 2.39 2.40 

*Resins cured with diaminodiphenysulfone (DDS) (100% stoicheomeuy) 
for 3 hours @ 177°C + 2 hours @ 232°C. 

**Tensile and flexural properties tested dry at room temperature. 
tD.E.N. is a trademark of Dow Chemical Company. 



Table 3 - COMPARATIVE PROPERTIES* 

Araldite** Tactix 
property MY 720 742 

Moisture absorbance 
(200 hour water boil) 4.56 4.2 
Flexural modulus retention, % 
(200 hour water boil) 53 44 
DryT 250 320 

Ts (2; hour water boil) 145 120 
*4,4 DDS cured 3 hours @ 177°C + 2 hours @ 232°C. 

**Trademark Ciba-Geigy. 

D.E.N. D.E.N Tactix 
438 431 556 

3.35 3.0 1.9 

42 39 77 
250 185 240 

135 135 185 

Processing: 

TACTIX 556 is a semi-solid, multifunctional epoxy resin, 
It can be used to fabricate prepregs with excellent tack 
and drape characteristics and is suitable for a variety of 
applications including structural composites and adhe- 
sives. It offers superior hot/wet performance characteris- 
tics. TACTIX 556 can be cured with a variety of con- 
ventional hardeners to optimize specific properties. 
Diaminodiphenylsulfone (DDS) appears to give the best 
balance of glass transition temperature and moisture 
properties when cured at 100% of stoichiometry for 3 
hours at 177°C + 2 hours at 232°C. It has good flow and 
low shrinkage characteristics. TACTIX 556 can be 
blended with 10% low viscosity TACTIX 123 or D.E.N. 
43 1 with minimal effect on moisture absorption and glass 
transition temperature. (See Table 2). 

General Characteristics: 

TACTIX 556 resin is ideal for end uses requiring inter- 
mediate glass transition temperature where retention of 
properties under moist conditions or hot/wet conditions 
is critical. It is processable by standard epoxy techniques 
and it has a 300°F service temperature, low equilibrium 
moisture absorption and excellent hot/wet performance., 

Applications: 

Composite for aerospace primary structures, vertical and 
horizontal stabilizers and wing skins and for adhesives. 

Producer: 

The Dow Chemical Company 
Dow Plastics 
Midland, Michigan 48674 
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SUPEC G40l and G402 
(High-Strength, High-PerformanceCrystalline Polymer) 

SUPEC* G401 AND G402are resins based on poiyphenylene sulfide (PPS) technology. They combine long-and short-term heat 
resistance with broad chemical resistance and they are inherently flame retardant. 

*SUPEC is a trademai-k of the General JZlectric Company. 

Polymer BaJe: 
Polyphenylene sulfide (PPS). 

Physical Constants: 

Specific gravity 
Elecbical resistivity (Volume basis, l/16 

inch thick). ohm-cm 
Thermal coef. expansion, in./inPF x 10” 

m/m%! x lo-’ 

ASTM 
Test 

Method G401 G402 --- 
D792 1.6 1.6 

D257 >10’5 >1015 
D696 1.3 1.3 

2.2 2.2 

Note: See Table 1 for other physical properties. 

PROPERTIES 

Table 1 -- ADDITIONAL PHYSICAL PROPERTIES 

Dielectric constant (At 1 kHz, 509k rel. hum.) 
Ek&caldissipationfactor 
(At 1 kHz. 50% rel. hum.. 73OF [23=‘C]) 
Deflection temperaaae (unannded) 
(l/4 in. [6.4mm] thick at 264psi [1.82MPa]). OF 
(l/4 in. [6.4mm] thick at 66psi [0.45MPa]). “C 
Vicat softening pains method B. “F 

DIM 

D1525 
“C 

Mold shrinkage, in& (so) lx55 

Water absorption. 24h. 73°F (23OC). Q 
Oxygen index. % 
Vertical hum. V-O at 0.8mm+ (UL bulletin 94) 

D570 
D2863 

ASTM 
Test 

Muhod 
D150 

G401 
3.9 

0.0014 

>500 
>260 
>500 
>260 

0.0015 (0.15) 
0.004 (0.4) 

CO.01 
47 
NV-0 

0402 
3.9 

0.0014 

>500 
>260 
>500 
>260 

0.0015 (0.15) 
0.004 (0.4) 

CO.01 
47 
94 v-o 

%s rating is not intended to reflect hazards -ted by this or any other material under 
wmtal fm conditiotts. 



Table 2 -- ROOM TEMPERATURE MECHANICAL. PROPERTIES 
ASTM 
Test 

Roperry Method G401 G402 
Tensile strength. psi (MPa) LX38 24500(170) 22000 (150) 
Elongation, % D638 1.4 1.0 
Modulus of elasticity. tension. D638 

psix 106(MPax 103) 2.1(145) 2.1(145) 
Flexural strength. psi (MPa) D790 35000 (240) 29000 (200) 
Flexmal modulus D790 

psix ld(MPax 103) 2.0 (14) 2.0 (14) 
Izod impacs notched _- 

l/8 in. (3.2mm) thick 
ft-lb/in (J/m) 1.5 (80) 1.5 (80) 

Izod impact, unnotched __ 
l/S in. (3.2mm) thick 
fklWii (J/m) 6.5 (350) 6.3 (340) 

Hardness, Rockwell R D785 123 123 
Taberahsion (CS17. lkg). D1044 

weight loss/l 00 cycles, mg 51 51 

SUPEC G401 resin is a high-strength, high-performance 
crystalline polymer. SUPEC G402 has slightly better flow 
properties allowirrginhate configurations and thin-wall 
sections, although at slightly lower properties. Both resins 
have outstadng long and short term heat resistance. They 
have resistance to a broad spectrum of chemicalsThey are 
inherently flame retardant, a key advantage over materials 
requiring flame-retardant additives. Such additives typi- 
cally leave deposits on mold surfaces during processing or 
cause plate-out. 

Availability: 

SUPEC G401 and G402 resins are available in black or 
natural color. 

Applications: 

For meeting demanding service requirements in industrial, 
ele-ctrical/electronic~ automotive and aircraft markets. 

Manufacturer: 

General ELctric Company 
Pittsfield, Massachuseus 01201 
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DERAKANE 8084 
(Elastomer Modified Vinyl Ester Resin) 

DERAKANE 8084 expands the serviceability of thermoset resins in traditional fiber-reinforced plastic applications. The 
inherent toughness of the epoxy resin has been enhanced with a reactive elastomer. 

Chemical Characterization: 

DERAKANE 8084 is an elastomer-modified vinyl ester thermosetting resin. 

PROPERTIES 

Table 1 - TYPICAL ROOM-TEMPERATURE PROPERTIES OF l/8 INCH CLEAR CASTING 
Tensile strength, psi looooto llooo 
Tensile modulus, psi x l(Y 4.6 
Elongation, % 8.0-10.0 
Flexural strength, psi 16000 to 18000 
Flexural modulus, psi x 105 4.4 
Heat distortion temperature, “F 170 to 180 
Barcol hardness 30 

Table 2 - ENGINEERING DATA, CLEAR CASTING 

Density of liquid, g/ml 1.060 
Density of solid, g/ml 1.147 
Cure shrinkage, % 8.2 
Dielectric constant 3.46 
Dissipation factor 0.011 
Adhesive strength, psi* 

To carbon steel 1430 
To AISI type 304 stainless steel 1530 
To 2024T3 aluminum alloy 970 

*Determined using a modified version of ASTM D1002 Standard Test Method for Strength 
Properties of Adhesives in Shear by Tension Loading. 

Table 3 - ROOM-TEMPERATURE PROPERTIES OF HAND LAY-UP LAMINATES* 

Flexural strength, psi 
Flexural modulus, psi x ICY 
Tensile strength, psi 
Tensile modulus, psi x lv 

*Laminate thickness, l/4 inch. 

39000 
12.7 

31500 
14.4 

Laminate construction: V/M/M/Wr/M/Wr/M 
V=Standard 10 mil corrosion grade C-glass veil. 
M=Chopped strand mat of 1.5 oz./ft2. 
Wr=Woven roving glass. 

Alloy Digest      Copyright© ASM International® 2002



Chemical Resistance: 

Extensive data are available from the producer on the 
maximum service temperature for DERAKANJZ resins 
in a variety of chemical environments. Depending on the 
environment, DERAKANE 8084 resin may be used up 
to 180°F. The Resin Products Department Technical 
Service and Development laboratories of The Dow 
Chemical Company in Freeport, Texas are staffed and 
equipped to assist customers in making decisions for 
specific uses of DERAKANE resins. 

Storage: 

DERAKANJZ vinyl ester resins are stable at ambient 
conditions. Storage temperature must be maintained be- 
tween 50 and 75°F. Keep away from heat sources which 
might create localized hot spots.. Maximum storage time 
(shelf life) for DEIUKANE 8084 is six months. 

Handling: 

Material Safety Data sheets for DERAKANE vinyl ester 
resins are available from the producer and should be 
procured. 
Care must be taken to avoid unnecessary contact with 
the resin, catalysts, and other chemicals which are used 
in conjunction with normal use of DERAKANE resins. 
The current OSHA Permissible Exposure Limit (PEL) 
for styrene vapors is 100 ppm, 8 hour time weighted 
average. 

Disposal: 

DERAKANE 8084 vinyl ester resin can be disposed of 
by incineration or by burying in an approved landfill. 

General Characteristics: 

DERAKANE 8084 vinyl ester resin offers increased ad- 
hesive strength plus superior resistance to abrasion and 
to severe mechanical stress. Fiber-reinforced 
DERAKANE 8084 can be fabricated by all techniques 
applicable to thermosetting products. It has excellent 
thermal and electrical insulation properties and is resistant 
to corrosion in a wide variety of chemical environments. 

Applications: 

Reinforced DERAKANE 8084 vinyl ester resin is used 
in plastic boats and other recreational equipment, as well 
as a wide variety of corrosion-resistant equipment appli- 
cations. 

Producer: 

The Dow Chemical Company 
Dow Plastics 
Midland, hlichigan 48674 
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STYRON 666D, 685,685D, 697 
(General Purpose Polystyrene Resins) 

STYRON* 666D,685,685D and 697 are general purpose thermoplastic polystyrene resins produced by joining styrene monomer 
molecules into long polymer chains ranging from 100 to 20000 monomer units per chain. They are noncrystalline. 

*STYRON is a registered trademark of the Dow Chemical Company. 

Chemical Characterization: 

The structure for STYRON general purpose polystyrene resins may be represented as shown here: 

n 

Chain lengths vary from 100 to 20000 monomer units depending on manufacturing conditions. 

PROPERTIES 

Table 1 - COMPRESSION MOLDED TEST BAR PROPERTIES* OF FOUR GENERAL PURPOSE POLYSTYRENES 

Property 
Melt flow rate, 

g/10 min. 
Linear coef. of 

thermal expansion, 
in/ir$‘F (typical) 

Vicat softening point, 
OF (“C) 

Yield tensile 
strength, psi (kgf/cm2> 

Ultimate. tensile 
strength, psi (kgf/cm2) 

Ultimate tensile 
elongation, % 

Tensile modulus 
psi (kgf/cm2) 

Rockwell M hardness 
Deflection temperature 

@ 264 psi (18.6 kgf/cm2). 
annealed, OF (“C) 

Specific gravity 

ASTM 
Test 

Method 

Dl238 
5kg, 200°C 

D1525 
Rate B 
D638 

Resin 
666D 685 685D 697 

7.5 2.4 1.6 1.8 

4.5 4.5 4.5 4.5 

‘12 (99) 224 ( 107) 226 ( 108) 227 (109) 

5400 (380) 6200 (437) 6400 (45 1) 6500 (458) 
D638 

5400 (380) 6200 (437,1 6400 (45lj 6500 (458) 
D638 

1.3 1.5 1.5 1.9 
D638 

D785 
D648 

D792 

460000 (32-I 12) 470000 (33 116j 170000 (33116) 490000 (34525) 
74 76 76 76 

185 (85) 21-i (1Olj 217 (103j 218 (lo?) 
1.04 1.04 1.04 1.04 

*Test bars prepared by injection molding will have somewhat greater strengths. 
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Table 2 - TYPICAL ELECTRICAL PROPERTIES OF 
VARIOUS STYRON GENERAL PURPOSE RESINS* 

Ronertv 

Volume resistivity 
Dielectric strength (short time, 

l/8” thick) 
Dielectric strength (step by step, 

l/8” thick) 
Dielectric constant, 60 cps 

IWCpS 

106cps 
Dissipation factor, 60 cps 

l(YcpS 

106cps 
Arc resistance 

*Compression molded specimens. 

unit 
Ohms-cm 

Value 

>lO’$ 

Volts/mil 500 

v01ts/mil 400-600 
- 2.54 
- 2.54 
- 2.54 
- o.ooo2 
- 0.0002 
- o.ooo2 

Seconds 60-135 

Table 3 -TYPICAL ROOM-TEMPERATURE GAS PERME- 
ABILITY AND WATER VAPOR TRANSMISSION DATA 

(VARIOUS TYPES OF MOLDED POLYSTYRENE) 

Gas Permeability, Water Vapor Transmission, 
cc/mi1/100 in2JatmJday gm/mil/100in2/day (75100°F) 

02 N2 co2 

300-400 40-50 looo-1500 2-10 
- 

Corrosion Resistance: 
Molded parts of polystyrene are not affected by changes in 
relative humidity but the material is not considered a weather- 
resistant plastic. Continuous long-time outdoor exposure re- 
sults in discoloration and reduction in strength and toughness. 
Finely dispersed carbon black or ultraviolet stabilizers improve 
weatherability. Tests on unloaded STYRON general purpose 
polystyrene resin specimens exposed for 30 days at 75 and 
125“F in various media were rated as to changes in surface 
appearance, dimensions and/or weight. Specimens were unaf- 
fected in weak or strong inorganic acids. weak organic acids, 
alcohols, aliphatic amines, bases. beverages, foodstuffs. 
polyglycols, pharmaceuticals and salts. Specimens became soft 
in a few hours when exposed to aldehydes. aromatic amines, 
esters, polyglycol ethers, hydrocarbons, insecticides and essen- 
tial oils. Tests on stressed samples were also made to evaluate 
corrosion cracking resistance. Consult the producer for results. 

Machining: 
Moldings of STYRON resin are readily machined using con- 
ventional methods. 

Joining: 
Parts molded from STYRON general purpose polystyrene can 
be solvent welded to each other. Rubber-based adhesives may 
be used to bond STYRON to metal, wood and glass. Ultra- 
sonic welding may be used to bond STYRON to itself with 
excellent results. 

Processing: 
STYRON resins are not hygroscopic. do not readily absorb 
moisture at room temperature and therefore predrying prior to 
processing is not normally required. Suggested processing 
ranges for STYRON general purpose resins are as follows: 

Injection Molding: extruder barrel temperature, rear 350 to 
450°F. front 375 to 525°F 

mold temperature, 20 to 160°F 
injection back pressure, 10 to 500 psi 
injection pressure, 5000 to 40000 psi. 

Injection Blow Molding: extruder temperature, 
rear 300 to 4OO’F. front 400 to SOBoF 

manifold temperature, 450 to 5OO’F 
nozzle temperature, 450 to 550°F 
cavity temperature, 125 IO 200’F 
mold temperature, 30 to 60°F 
injection pressure, 5000 to 20000 psi 
cycle time. 8 to 12 seconds 

Extrusion: feed throat full water cooling 
rear xone temperature, 325 to 375°F 
intermediate zones, 350/400 to 425°F 
front zone temperature, 400 to 450°F 
die temperature, 400 to 450°F 

chill rolls, 100 to 16O’F 
compression ratios, 2 l/2: 1 to 5: 1 

Use of Regrind: Good quality regrind in ratios of 15 to 30% 
with virgin resins can be used to produce quality injected molded 
parts. With extrusion applications, 50% regrind and virgin resin 
are common practice. 

Handling: 
Material Safety Data Sheets for STYRON polystyrene prod- 
ucts are available from the producer and should be procured. 
STYRON resin will bum. Fires can be extinguished with wa- 
ter, fog. foams and other conventional means. Disposal in ap- 
proved industrial incinerators is suggested. Approved landfill 
disposal may also be used. STYRON resins are inert. do not 
readily degrade, will not contribute to landfill instability or 
evolve gases or leachates known to pollute water resources. 

General Characteristics: 
STYRON general purpose polystyrene resins are amorphous 
thermoplastic materials designed for injection molding, injec- 
tion blow molding and sheet and film extrusion. They are not 
considered to be weather resistant. They are nonhygroscopic 
and they are resistant to beverages, foodstuffs and pharmaceu- 
ticals. Most comply with FDA requirements. They are highly 
notch sensitive. Typical values for light transmission range 
from 88 to 91% at a thickness of 100 mils. They exhibit excel- 
lent dimensional stability. They may be recycled as mixtures 
of regrind and virgin resin. High melt strength and product 
uniformity make for excellent injection blow molding charac- 
teristics. Referring specifically to the four grades cited; 
STYRON 666D is designed for injection molding applications, 
particularly for medical. pharmaceutical and food uses. It has 
intermediate flow characteristics and fast cycle processing. 
STYRON 685 and 685D are high heat resins designed for 
medium to thick section applications, appliance parts, 
housewares. foam sheet and oriented film. Both have good 
moldability. STYRON 697 is a high heat resin designed for 
high-speed production of strong light-weight containers by use 
of the in-line extrusion thermoforrning process. All four of 
these general purpose polystyrene resins have excellent clarity. 
They meet FDA compliance. They have excellent dimensional 
stability and being amorphous they exhibit less mold shrinkage 
than some more crystalline plastics such as polyethylene and 
polypropylene. 

Forms Available: 
STYRON general purpose polystyrene resin granules are avail- 
able in 50 pound bags, bulk truck or bulk rail cars. They are 
supplied with or without surface lubrication or with external 
lubrication. Most injection molding and extrusion operations 
use uncoated STYRON W resins. 

Applications: 
Food packaging, household lighting. construction and decora- 
tion, disposable dinnerware, tumblers, bottles. medical ware, 
toys, tape reels. 

Producer: 
The Dow Chemical Company 
Midland. Michigan 48674 
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GRIVORY G 355 NZ 
(High impact Resistant Thermoplastic) 

GRIVORY’ G 355 NZ is an unreinforced, amorphous, high-impact resistant engineering thermoplastic. It is opaque and has a 
natural ivory color. It can be processed by injection molding, extrusion and blow molding. 

GRIVORY” is registered trademark of EMS-Chemie AG, Zurich, Switzerland. 

Chemical Characterization: 
Grivofl G NZ is an amorphous copolymer, alloyed with an elastomeric material. 

Physical Properties: 
property Test Method 

Glass transition temp. ASTMD2117 
specific gravity ASTM D792 
Moisture absorption ASTM D570 

24 hr immersion 
In air, 23T/5O%RH* 
In water, 23T 

Heat deflection temp. ASTM D648 
66psi (0.46 MPa) 
264psi (1.82 Mpa) 

Linear mold shrinkage EMS 
flow/tangential 

Thermal coef. expansion DIN 52328 
(-58 to + 212°F) 
(-50 to +1OO”c) 
Maximum usage temp. EMS 

Longterminair 
Short term in air 

Vicat softening temp. DIN 53460 
9.81 Newton (2.20 lb force) 
41.05 Newton (9.23 lb force) 

Volume resistivity DIN 53492 
Dielectric strength DIN 5348 1 
Comparative tracking index DIN 53480 
Surface resistivity DIN 53482 
Dielectric constant DIN 53483 

At 50 Hz 
At 1 kHz 
At 100 kI-Iz 

*RI-I = relative humidity. 

Unit Value 
OF (“C) 275 (135) 

gm/cu cm 1.07 

% 0.38 
% 1.5 
% 5 

“F (“C) 270 (132) 
“F (“C) 230 (110) 

95 0.710.8 

in/im’F 
cm/cmOC 

4.4 x 1o-s 
7 x 1o-s 

OF (“C) 176 (80) 
OF (“C) 248 (120) 

“F (“C) 
“F (“C) 
ohm-cm 
kV/mm 

V 
ohm 

246 (119) 
248,hf;O) 

6z+ 
10 

-- 3.1 
-- 3.0 
-- 2.8 



Table 1 -- MECHANICAL PROPERTIES 

property Test Method Unit 
Tensile strength ASTM D 638 
Elongation at yield ASTM D 638 

Psi O$Ql 

Elongation at break ASTM D638 % 
FIexuraI strength ASTM D790 psi 0 
Flexural modulus ASTM D790 psi (MPa) 
Izod impact strength, notched ASTM D256 
At 73OF (23°C) ft-lb/in (J/m) 
At -4OF (-20°C) ft-lb/m (J/m) 
Hardness Shore D __ 

Value 
7300 (50) 

10 

10400 (7:: 
250000 (1725) 

18 (961) 
15 (801) 

77 

Processing: 

For optimum processing and parts quality, Grivory@ 
G 355NZ should be protected from exposure to a humid 
environment prior to processing. If hopperresidence times 
are likely to exceed two hours, use of a hopper dryer 
operating at 176°F (SO’T) is recommended. If material is 
otherwise exposed to a humid atmosphere for more than 
two hours, drying prior to processing is recommended to 
ensure that the moisture content does not exceed 0.1%. Use 
of a vacuum dryer operating at 230’F (110°C) is strongly 
recommended. A dessicant dryer may also be used, but to 
avoid oxidation of the material and consequent discolora- 
tion. temperatures should be held below 176°F (SO’C), 
with drying times between six and ten hours. For longer 
periods, overnight for example, dessicant drying is accept- 
able at temperatures not exceeding 158OF (70°C). 

injection Molding: 
Melt temperature 5 18-554°F (270-290°C) 
Mold temperature 176’F (SO’C) 
Injection speed Moderately fast 
Injection pressure Medium 
Screw speed Minimum that is consistent 

with optimum cycle times 
Extrusion: 
Barrel temperature 434’F (240°C) 
Melt temperature 509°F (265°C) 
Die temperature 416’F (230°C) 
Water bath 54’F (12’C) 
Cooling the feed zone at the hopper is recommended. 

General Characteristics: 
Grivoty@G 355NZ is an amorphous copolymer, alloyed 
with an elastomeric material. Being amorphous, it differs 
fundamentally in its property profile from that of partially 
crystalline materials such as Grilon nylon 6 or G&mid 
nylon 12.1thasahighglass&ansitiontemperatureof275°F 
(135OC) and higher dimensional stability under heat. Its 
mechanical properties are not affected by uptake of ambi- 
ent moisture.ThechemicalresistanceofGrivoryG355NZ 
against a large number of solvents and against alkalis is 
good. It is not resistant to acids, especially strong acids. 

Forms Available: 
Grivory@ G 355NZ is supplied ready for processing in 
free-flowing pellet form, pre-dried to 0.1% moisture and 
packaged in multiwall, foil-lined, moisture-proof bags 
containing 25 kg net. 

Applications: 
Injection molded, extruded and blow molded components. 
Completely new application and design possibilities are 
feasible with Grivory@ G 355NZ due to its unique profile 
of properties. The principal features are: high rigidity, high 
impact strength, no loss of rigidity due to moisture absorp- 
tion, high dimensional stability. Specific applications: 
Power tool housings, handles and internal parts; aircraft 
parts (external and internal); electrical/electronic connec- 
tors; fishing reels; camera parts; automotive connectors; 
commercial and domestic dishwasher parts; raquetball, 
lacrosse, and tennis raquets; protective helmets; scuba 
diving equipment parts. 

Producer: 
EMS-American Grilon, Inc. 
P.O. Box 1717 
Sumter, South Carolina29151-1717 
Contact: John Mewbom, telephone: (803) 481-3172. 
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LEXAN@ 
(Thermoplastic Polycarbonate Resin) 

LE?GQP i6 a thermoplastic polycarbonate resin whose prope&s make it one of the toughest and most versatile of engineering thermoplastics. 
It provi& the design engineer with excepkmal freedom in CrcBting functional. attractive, cost-effective products. It is used in a broad range 
of industrial product. 

*LE?KlP is a registered trademark of GE Plastics. 

Chemical Characterization: 
GeneralpurposeLEXAN@isapoly- 
tAmnate themqlastic resin available 
in a continuum of tightly controlled 
viscosities. 

Table 1 -- PHYSICAL PROPBRTIES: SIX GENERAL PURPOSE Lm RESINS 

ASTM Test 
Method unit ReSiIl/ValUe 

Melt flow index, Dl238 
nominal calditiollo 12ll 141W 1411 1611 lOI/ 181/ 

g/lOmin 16.5 11.5 95 8.0 6.5 5.3 
Specific gravity, solid D792 AWlJO 
Specific volume cuin/Ib Allf23.1 

CarJg ABA.83 
weight/vohmle lb/ctlill A1110.043 

g/c- AU.20 
WatfXabsorption m70 

24h @ 73°F (23“C) 8 AlW.15 
Equilitium @ 212°F (KKK) Alla58 

Mold shrinkage, flow, 0.125 in. D955 klblzlw A111o.005-0.007 
Light lnranmittance@ 0.125 in D1003 46 Aw89 
Haze @ 0.125 in D1003 46 All/l 
Refractive index D542 Awl586 

Table 2 - THERMAL PROPERTIES 
ASTM Test 

Method unit RC&/VdUe. 
DTUL 1211 141L. 141,161,101/ 181/ 

@ 264 psi (1.82MPa) 
& 

265 270 275 
0.250 in. (6.35mm) (12% (132) (135) 
Spekfic heat c351 Btu’WF (J/g/% All/Q.30(1.25) 
Thermal conductivity Cl77 IWdh/ft*/=‘FW/km) All/l.35 (0.19) 
Thermal coef. expansion D6% in/inPF (m/mT> Alu3.75 x lo5 (6.7 x NV) 
Vicat softening tempera- D1525 OF W> AlU305-315 (152-157) 
Brittlenessitmperature D746 OF (“cl All/<-200 (<-129) 
Flammabiityratings* D635 All/AEB<l in. 

UL%ndad94@ 1/16in. All 
uLStandiud94@ ll8in. All 

oxygenindex D2863 AlU25.0 

*This rating is not intended to reflect hazards presented by this or any other material under actual fire conditions. 

Molding Characteristics: and design versatility. Tight control of each respective grade 
Thesix gradesof LEXANQgeneralpurposeresinsprovidemold minim&s lot-to-lot variations and thereby provides for consis- 



Table 3 - ELECTRICAL PROPERTIES (IDENTICAL FOR ALL RESINS) 

ASTM Test 
MdlOd 

Dielectric strength D149 
Short time, 125mils (3.2mm) 

Dielectric constant Dl50 
6oHz 
106HZ 

Power factor 
6oHz D150 
lOQ2 

Volume resistivity. dry@73”F (23°C) D257 
Arcre9i6tana D494 

stainless steel electrodes 
Tungsten electrodes 

unit Vahle 

Volts/mil (kV/mm) 380/(15.0) 

3.17 
2.% 

O.OOW 
0.010 

Ohm-Clll >10’6 

6econd6 10-u 
Seconds 120 

Table 4 -- MECHANICAL PROPERTIES 

Tensile strength 
Yield strength 
Elongation@ rupture 

Flexural strength 
Flexural modulus 
Compressivestrength 
Compressive modulus 
shearultimate6trength 
Shear yield strength 
Shear modulus 
Notch Ixod impact strength, 

l/8 in. thick 

Tensile impact strength, S-type 

In.5mlmented impact energy, 
at peak 73°F (23oC 

Fatigue strength, 2.5mm cycles 
Rockwellhardness 

DefonMtiontmderload 
4OUOpsi @ 73’F 
4OOOpsi. 158OF 

Taberabrasionresistance 
Weight loss 

2 

ASTM Test 
Method 

D638 
D638 
D638 

D790 
D790 
D695 
D695 
D732 
D732 

D256 

D1822 

D3763 

D671 
D785 

D621 

D1044 

unit 
psi WV 
psi WV 

% 
psi NW 

1oSpsi (MPa) 
psi (MPa) 

lO$si (MPa) 
psi (Mpa) 
psi (Mpa) 

1 dpsi @IPa) 

ft-lb/m (I/m) 

ft-lb/m2 (k.l/m2) 

ft-lb (J) 

psi (Mpa) 
M 
R 

% 
46 

mg/l 000 cycles 

Resin/Value 

AU/10000 (69) 
AWOO (62) 
1211 141L. 141.161/ 101.181/ 
125 130 135 
All/14000 (97) 
All/340 (2300) 
All/12500 (86) 
Ail/3.45 (2400) 
AU/l 0000 (69) 
All/6ooo (40) 
All/l .14 (790) 
1211 14U 141/ 1611 lOl/ lSl/ 

&4) ;:8) $1) (:&) $8) $1) 
225 250 275 290 300 320 
(470) (525) (578) (610) (630) (673) 

46 47 47 47 48 48 
(62) OW WI W (65) (65) 
All/lo00 (7.0) 
AWO 
All/l 18 

Am2 
Am.5 

Awl0 

tentmoldingfromnrn-to-run.LEXAN@121resinhasthehighest 
flow rate of the six grades (16.5g/lOmin.) and is used in molding 
intricate, hard-to-fill parts. It is available in natural and transpar- 
entcolorsonly.LFXANQ141 resin,amediumflow-ratematerial 
(9.5g/lO min.) is most common.ly used for injection molding. 
LEXANB 101 resin, a lower flow-rate material (65g/lOmin.) is 
used for molding thicker sections without sinks. LEXA.N@ 18 1, 
the lowest flow-rate grade of the series (5.3g/lOmin.) offers 
superior toughness. 

General Characteristics: 

LEXANB general purpose grade polycarbonate resins range in 
flow rate from 16.5 to 5.3g/lOmin. and each specific resin is 
closely controlled to assure consistent run-to-run molding per- 
formance. 
Deflection temperatures @ 264 psi range from 265 to 275OF; 
tensile elongation @ rupture ranges from 125 to 135%; and 

notched Izod impact strength (l/8 in. thick) ranges &nn 13 to 18 
ft-lb/i.nThehighervaluesineachcaseaboveare forthelow flow- 
rate material (resin 181). 
Eachresinis available with avariety of additives, forexample: for 
UV stabilization. for FDA compliance and for mold release. 

Applications: 

Appliance. automotive, electrical and electronic components 
particularly where toughness is a desired feature. Contact the 
producer for design, feasibility studies, physical testing, proto- 
typing and other help in getting from concept to production. 

Producer: 

GE Plastics 
Plastics Group 
One Plastics Avenue, Pittsfield, Massachusetts 01201. 
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FEDERATED NO. 7 
(Bearing Alloy) 

Federated No. 7 is a lead-base white Babbitt metal used for bearings where speeds, loads and stresses are moderate. 

Composition: Physical Constants: 
Lead 74.00-76.00 Specific gravity, g/cc 
Tin 9.25-10.75 Density, lb.jcu. in. 
Antimony 14.00-16.00 Solidus temperature, OF 
Copper 0.50 miu. Liquids temperature, “F 
Arsenic 0.20 max. 
ZillC tl0nt9 
Ahuninum nones 

$~efi& as 0.005% as determined on a 10 gram sample. 

PROPERTIES 
Table 1 - BRINELL HARDNESS 

Condition Brinell Hardness (500/10/30) 
As-cast 22 
At 86°C after 7 days at 302’F 
At 86°C after 46 days at 302’F 1G 
At 302°C after 17 hours at 302°F 8.0 
At 302OC after 7 days at 302’F 7.0 
At 302OC after 46 days at 302’F 5.8 

Table 2 - TENSILE PROPERTIES 

9.7 
0.350 
464 
514 

Test Tensile 
Temperature Strength 

OF psi 

2:; 
10500 
5500 

302 3000 
392 1250 

Table 3 - OTHER ENGINEERING PROPERTIES 
Compressive strength, psi 

(at room temp. at 10% reduction in height under load) 
Fatigue strength, psi 

(rotating beam, 20,000,OOO cycles at 2000 cycles per minute) 

At 68”‘F 
Compressive yield strength, psi (0.125% set) 3500 
Compressive ultimate strength, psi ( 25% set) 15650 
Johnson’s elastic limit, si 2500 
Brinell hardness (500 P 10/30) 22.5 

Table 4 - OPERATING CHARACTERISTICS 

Elongation 
70 in 2" 

4.0 
25.0 
52.0 

100.0 

17150 

4000 

At 212’F 
1600 
6150 
1350 

10.5 

(1) 
(2) 

Maximum permissible unit 
Minimum permissible ZN P 

ressure, psi 1800 
P 

Maximum permissible PV :iooo 
Maximum oil temperature, OF 225 
Minimum journal hardness Not important 

( 1) Parameter coil viscosity times speed over pressure 
(2) PV=pressure times speed 

Table 5 - PERMISSIBLE STATIC PRESSURE 
Temperature Static Pressure 

-OF 
70 

psi 
3500 

200 is00 
300 800 



Chemical Bonding: 

it is of the utmost importance to produce a good bond 
bmwen the shell and the bearing metal if cracking 
and other bearing failures are to be prevented. In 
general the following procedure should be used in 
making this bond: 

1. The surface of the shell should be machined or 
shot-blasted. 

2. The machined surface should then be degreased 
with a solvent degreaser, such as, trichlorethylene vapor 
or degreased in an alkaline cleaner. 

3. The shell should then be dipped in a 50% solution 
of hydrochloric acid and water and etched for three 
to five minutes. The reagent should be kept at about 
150 deg. F. Following this treatment the surface of the 
shell should be absolutely clean. Care should be taken 
to prevent oil or grease from coming in contact with 
the surface. 

4. The next operation is fluxing. The shell is dipped 
into a tlux solution of two parts zinc chloride and 
one part am~nium chloride diluted with water to a 
40% aqueous solution which is preferably at a temp- 
erature of about 150 deg. F. 

5. The bonding alloy ( tin or solder of various grades) 
is then applied by dipping the shell into the molten 
alloy which is held at a temperatute of about 150 deg. 
above the liquidus temperature. The shell is kept sub. 
merged until it has acquired the temperature of the 
metal bath. Since the shell is now ready for casting 
of the bearing material, the bonding alloy should be 
kept molten until the babbitt is poured on it. 

Specification Equivalents: 

ASTM B23 Gr. 7 
Federal QQ-M-161 Gr. 7 
U. S. Navy 46M2 Gr. 7 
SAE 14 

General Characteristics: 

Federated No. 7 is a lead-base white babbitt having 
tin and antimony as the major alloying elements. 
‘Ihis bearing alloy has a desirable plastic impact hard- 
ness and is suitably adapted for moderate loads and 
speeds. This alloy can also be used in the old type 

thick lined bearings in which the lining 1s chemicdy 
bonded to the shell. Chemical bonding, if properly 
done, will improve service life of the bearing It has 
non-scoring and non-wearing properties, and is resist- 
ant to corrosion from organic acid of the type normal 
to the lubricating oil. 

Since this alloy has a relatively low melting point, it 
is limited to applications where loads and speeds will 
not generate excessive temperature in service. This 
alloy (lead-tin-antimony babbitt) is stronger and more 
suitable for higher speeds, higher loads, and higher 
operating temperatures than the lead-antimony allop. 
It is cheap, easy to cast, has good frictional properties, 
and is successfully used for railway application and 
heavy machinery generally where speeds and stresses 
are moderate. Under more severe service conditions, 
the tin-base babbitts are more frequently used. 

The constituents present in the lead-antimony-tin 
alloys are antimony crystals or tin-antimony crystals 
or both in a eutectic matrix consisting of 4% tin, 12% 
antimony, and 84% lead. Antimony crystals as well as 
tin-antimony crystals appear as cuboids under the 
microscope and can only be distinguished by special 
methods. Both kinds of crystals are hard and brittle 
and form the load supporting medium similar to that 
found in the tin-base alloys. Again, as in the case of 
tin-base alloys, the number and the size of the crystals 
are influenced by cooling conditions. Supercooling ef- 
fects are typical for lead-base alloys containing more 
antimony than the eutectic composition. Casting and 
cooling conditions a&t the microstructure, fracture, 
and mechanical properties. Segregation occurs under 
the same conditions as in tin-base alloys, i.e., no segre- 
gation takes place as long as the metal is completely 
liquid. If the metal is allowed to freeze slowly, the 
antimony and tin-antimony crystals which are lighter 
than the melt tend to float to the top. Upon remelting, 
these crystals are easily redissolved, but the melt must 
be thoroughly stirred to regain uniform composition. 
Approximate pouring temperature is 650.750 deg. F. 

Forms Available: 

castings. 

Applications: 

Bearings, bushings. 

Manufacturer: 

Federated Metals Division 

American Smelting & Refining Company 

Newark, New Jersey 
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PALLADIUM 
(Silver-white Noble Metal) 

Palladium, one of the six metals of the platinum group, is highly ductile and can be readily worked hot 01 cold. 

Composition: Physical Constants: 

Density, Ib/cu in. 0.434 
Specific gravity 12.02 
Melting point, oF 2829 
Thermal coef. expansion/OF (70 to LOOoF) 6.41 x 10-6 
Thermal conductivity, Btu/sq ft/hr/oF/in. 493 
Specific heat, Btu/lbl°F 0.058 
Electrical resistivity, microhm-cm 10.8 
Electrical conductivity, 8 SACS 16 
Modulus of elasticity, psi (tension) 16.7 x lo6 
Modulus of rigidity, psi 6.5 x 106 
Poisson’s ratio 0.39 

Palladmm 99.85 

Note: Commercial purity palladium is 
nominally 99.85% Palladium (I%@ 
99.80-99.90s). Higher purity grades up to 
99.99+% are available and are sometimes 
specified for uses where certain impurities are 
known to be detrimentaL Approximately one 
half of the nominal 0.15% of impurities in 
commercial palladium comprises other 
platinum group metals. the other half consists 
of iron, copper, silicon and small amounts of 
other base metals. 

PROPERTIES 

Table 1 - TYPICAL ROOM-TEMPERATURE PROPERTIES 

Tensile Yield Elongation Diamond 
Strength Strength (2 in.) Pyramid 

Condition psi psi z Hardness - - 
Annealed 28000 5000 30 40 

Cold worked. 50% 47000 30000 2 100 
Cold worked. 755 65000 - 1.5 - 

Table 2 - EFFECT OF ANNEALING ON TENSILE PROPERTIES OF WIRE 

Annealing Tensile 
Temperature Strength Elongation 

oF psi 7% 

68* 68000 2 
390 68000 4 
750 5 2000 5 

Ill0 38000 15 
1470 29000 30 
1830 28000 23 

*Cold worked, 75% reduction. 
Note: Annealing time 30 minutes at temperature. 

Table 3 - SHORT-TIME ELEVATED-TEMPERATURE TENSILE STRENGTH 
(0.050-m. diameter wire, annealed at2010oF, 5 min) 

Test Tensile 
Temperature Strength 

oF nsi 

68 28000 
390 24500 
750 18000 

1110 I2700 
1470 8300 
1830 3800 

Table 4 - STRESS-RUPTURE PROPERTIES 

Test Stress (psi) for 
Temperature Rupture m 

Form oF IO hr 100 hr 

Rod 1700 1000 600 
Wire 2370 400 200 
ik Ire 2640 200 100 



Heat Treatment: 
Anneal: 1470oF, 5 min, cooling method immaterial. 
Harden: Palladium cannot be hardened by any thermal treat- 
ment. 

Machinability: 
This soft metal can be cut fairly easily but galls readily. Keep 
tools sharp to minimize galling and pick-up. Sulfur-free oils are 
normally recommended for machining. Palladium’s machining 
qualities are much the same as those for pure nickel. Machin- 
ability is improved if the palladium is in the cold-worked 
condition. 

Workability: 
Palladium is highly ductile and malleable and can be readily 
worked hot or cold. Wire can be cold drawn without inter- 
mediate anneals from a diameter of 0.250 inch to 0.004 in. The 
metal can withstand drastic forming operations and, like gold, 
can be beaten into leaf as thin as l/250,000 of an inch. It has 
excellent cold working properties and can be easily formed by 
rolling, deep drawing, spinning, swaging, etc. Sheet can be 
expanded and wire woven into gauze. 

Weldability: 
The metal can be joined by tungsten-inert gas welding. resistance 
welding procedures, or by brazing. Oxidizing oxyhydrogen and 
oxyacetylene flames are desirable for brazing with platinum 
brazing alloys melting at 2000 to 22750F. In using the 
oxyacetylene flame, special care should be used to keep the 
metal in the oxidizing portion of the flame to avoid possible 
embrittlement. A gas-air torch and lower melting white gold 
alJoys are employed for joining palladium jewelry. 

Corrosion Resistance: 
Palladium is generally resistant to corrosion by most single acids, 
alkalies and aqueous solutions of simple salts. It is not attacked 
at room temperature by non-oxidizing acids such as sulfuric, 
hydrochloric, hydorfluoric, acetic and oxalic. Strongly oxidizing 
acids such as nitric attack palladium as do ferric chloride and 
hypochlorite solutions, chlorine. bromme. The metal is not 
tarnished by dry or moist air at ordinary temperatures. At 
temperatures in the range 750 to 1450oF, a thin oxide film 
forms in air. At higher temperatures, the superticiai oxide 
decomposes to give off oxygen, leaving a clean metal surface. At 
high temperatures, molten salts such as sodium peroxide, 
hydroxide and carbonate attack palladium but the molten 
nitrate does not. Hydrogen sulfide attacks the metal at temper- 
atures above 1 lOOoF, producing a low melting phase. 

General Characteristics: 
Palladium is a silver-white metal which has properties resembling 
those of platinum and gold, metals closely associated with it in 
the periodic table. It is the lightest of the platinum group metals, 
and has the lowest melting point of the group. Palladium work 
hardens at about the same rate as platinum and is ductile and 
malleable. It can withstand drastic hot and cold workmg. 
Palladium is resistant to corrosion by most single acids and 
alkalies and by many simple salts. It can be joined by welding 
and brazing. 
Palladium is permeable to hydrogen, particularly at moderately 
elevated temperatures (30~6OOoCJ. Palladium also absorbs 
hydrogen in ‘such large quantities as to affect its density, 
ductility and mechanical stability. This is a complex subject and 
potential users should consult the technical literature. 

Forms Available: 
Sheet, foil, wire, tubing, powder. 

Applications: 
Electrical contactors, resistors, thermocouples. thermal fuses, 
brazing alloys, hydrogen purification, dental service, catalysts, 
jewelry. 

Manufacturer: 
Engelhard Minerals and Chemicals Corp. 
Murray Hill, N.J. 07974 

Mathey Bishop, Inc. 
Malvern, Pa. 19355 

Handy & Harman 
New York, N.Y. 10022. 
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U. S. S.* A-R STEEL 
(Abrasion Resisting Steel) 

Compositiom 
carbon 
Mangpacse 
==.P- 
Sulphur 
SiliCOll 

TJ.SS.“iSPregisand rrc&ma& of unircd &arcs seed. 

Madlinabilty8 
~bd&&lndmnrlrinrrlJadsfacradlpwirtlsund- 
ardquipmentHoweva,asisgenaallyuuewkh~ 
high-hadnesssteck,rhemachinespccdsandfecds 
nlusrbercducaLHigh-specdsteddrillsarc~ 
andshouldbckeptcoolwirhdrillingcompoundsxh 
asasoiubicoilormrpcnrincFordrillingthisstcd 
thedc!Mncer&ofthedriusshouldbelcssrhan 
for sds of lowa hardncJs. 

Workabilityz 
shearing: maraial in rhibcms up to l/2” should 
beshcarcdarrempaarurcsnorlowarhanroomranp= 
a-mare Thickmsscs ova l/2’ to 1’ should be pre- 
hcarcdto600-8OOdeg.Fforshcaringorshouidbc 
gzucuLThidmessesexce&ng1”shouldkgaJcat 
Punching can be punched sllachuyinrili- 
up to l/2’ at ranpaaturcs not lowa than room 
tcmperarprr.Morepowaisrquiredrhanforqud 
rtliclcllesses of spIzcIut?l carbonsted.Ihepossibiliry 
OfiillCcrpdcsiXl~~tidlepunchcdholc 
m&csir&isableroreamafrapuruhin~ 
Gnbcreadilyhorformedandanbecoldformcd 
ifProperP raxutionsarerakal.HorforIniagmaybe 
carried our ar ranpaamrcs up to approximardy 1500 
deg. F wirhoat appreciably atking rhe abrasion 
rcsising proparies of the sred. Her wodcing should 
be employed for severe formarions as well as for 
maraial ova l/2” in rhickncss Cold forming of Bs- 
rolled product can be accomplished only wirh arrane 
w Edge preparation is highly desirable and should 
bepaformedinadireccionparalicltorhecdge.This 
must be done ro remove any nlilnlrc cracks which 
may remain from shearing, or ro remove any orha 
irreguksiy which may scme as a srarting poinr for 
a crack Flar rolled products inrazied for rdativcly 
SCV~C cold forming, for drill@ or for any opaarion 

0.35-o-50 
1.50-2.00 
0.05 max. 
0.055 max. 
0.15435 

whaenniformiyofhardncssisessmti$,shouldbe 
hearueaaEdpriorropafosminganyofthescopaa- 
tions.Maraidinthicknesscsof l/2” alldtmdashouid 
be heared OD l200-1300 de& F, maim&cd apprari- 
matdyonehourpainchofrhi&Ess+Mlcoolcdin 
ax. Thidcnesses ova l/2’ should be quenched in 
wara from 1575-1625 deg. F and then drawn ar 
1100-1150 deg. F. The objea of &se rrcaunenrs is 
00 improve the workabiliy of the srcd wirhour ma- 
daily akcing ‘itr abrasion resistance The normal 
surf= hardness &a these UcaanenB is gcnaally 
inthcrangeof2OOto250BrindL 

Weldabilityt 
Welds may be made on USS. A-R Srcd by using 
various ypes of bare and shidded-arc ype dacrodu 
Bare daxrodes produce britdc wdds wirh a rensile 
srrengrficonsidaabiybelowrh8rofrhebasclnaaL 
Consquendy, rhdr use is nor reoommead ed if high 
qualiy joim sre rquid Low carbon shidded-arc 
dearodes produce duaik wdds of high qu&y aI- 
though rhey do nor have 2s high a rcosile suengrh 
ss the base maaL AUoy shiddcd-arc dearodes will 
produce welds having physical properties comparable 
rochebasemadinevayrespaLTIlewddingpro- 
cedureroanployissimiiarrorharreaMD.maldedfor 
plain low&a steels accpr that p&caring should 
beuscdonhcavysccrionsandincascswhaethehard 
fusion zone may be objectionabk 
Wheaeva possible, annealing at 1100-1200 de& F 
after wdding is raxmmadcd to in- the duailiy 
of the hear-a&ted zone and to improve the genad 
qualiy of the joinr Masilic-arc welding: The rdarive 
ly large amounc5 of carbon and manganese in this steel 
require rhat certain precaurions be raken in welding 
If rhis sred is welded with ordinary cdiulose-covaed 
ekadcs, hydrogen is absorbed in the vicinity of the 



wddandundabeadcrsckinggenerallyresulcrThe Preheating should be employed for rack weiding, k- 
most &ah way 00 prevenr undabadcndtingis auscrhebasemealadjacenrrosmdlrackwddsis 
ro use low-hydrogen decuodes suds as the ASTM- mosrlikelyrobcacessivdyhard 
AW8 El0015 and El0016 gmk Wddcd joins The inaease in hardness which accompanies the wdd- 
IdCWithrhUCdSUOdCSWillhi3V~SUCllgThSequal illg of Abfasion Reskfing steel is grcarer for tick 
ro or in excess of rhosc of the base mecaL cv- with plares &all for thin plates because of the gccara 
rhereinforamenaground& qual&iagcapaciyofrhedlidcp~ 
If 100% joint &cienq is nor needed, low-hydrop Gaswdding: USSA-RSreelcanbegaswddcd,bur 
d#mda of lowa mengrhs may be used, eg., E7015, wdds made with the rods generally used will nor 
E7016, E8015, or E8016 devdoprhcfullslxa@lofrhissru?LInaddirion&e 
Therueofrhelow-hydrogenekrodewiUprevau gas-wddingrodsavailabledepodrwddmaalvay 
agrradp-- aadcingandrhaeby muchsofcerthantharofrhebasemera&ands4xhsoft 
maintainthesucngchofrhcjoinqburrhehardness metdwouldbereadilywomawaybyrhcabrading 
near the joint will remain highunlcssrhemaraial medium This non-uniform abmion can be prcvarred 
has been p&eared or the joint is pos&ar& High rosomearcnrbytheuseofahacd-surkingrod 
h&nessintheviciaiyofrheweidresukincmcking for depositing the ouccr layas of wdd meral One 
oft&maraialarrdaGvdysmdlangksofbcndAc- inherenradvamgeingasweldingisrharsreepraap- 
cordi&,ifrheappkarionissuchrhargrcarresimmx aamregradienrsdonoraisr.Thaef~rhewddmenr 
roabuscisrrquirrd,irissuggmcdrharrhcmaraial coolsmores&nQlyandacessivehardneBisnotobrain- 
bcprdmrcdrodxmr350dcg.Fbeforewdding,or edWhaharhisadvanragcissuScktroovaaae 
rhar the joint be posdxad In rhe following Fable the higha cosr of rhc welding, the lower suengch of 
areshown~n?sulBofbendtesBJrmdeonwddcd the joint, and the fasra wear of the wdd meml will 
buujoi5 depend upon the pa&&r cimammnces involved. 

Joint Ew, as Detemimd by Tension Tests, of Butt Joints in 3/+htcb Thick 
Abrasios ZsstiTq Steel Welded with El0016 Type ZiZutrodes. 

zrtitidd Phtc Post Heat . 

Temperature, OP TTt?dM& &i%tfOTCe?lScnt strL~pn’ 
Ltxocioa Of 

Paflfue 
Jd 

Ed-=3 70 
70 None Removed 110,100 BaseMad 100 
70 NonC QlPl- 112~00- BaseMad 100 

350 None Removed 11ogOO BaseMed 100 
350 None hPla= 109mF BaseAkd 100 
350 SBA- Removed 105900 WddMeral 96 
350 SRAO hPb 106,800*+ Bi3seMelal 100 

+SPest-RdicfAMealcdat1025deg.Ffar21/2houn 
-values calallarcd from crossah areas adjaccnr to rdnforcanen~. 

Results of Bend Tests of Butt Joiitts in S/4-Zncb-Thick Abrasion Resisting Steel We&M t&b El0016 Type 
Electrodes-Widtb of Specimea 1 l/2-Znsbes, Znside Rndias of Bend, j/4-Zncb 

z?sitiaz PIate Post Heat 
Temperature, OF Treatment 

An#e of Bend to 
F&e, Degrees 

70 None 16 
350 None &a 100 
350 ski+ Ova 100 

l S~ess-ReliefArmeakdar1025deg.Ffor21/2hautr 

comosion- 
Irscorrosionrcsiswxin~armosphaesis 
somewhar higha &an rhar of stwxptpl carbon sred 
aud appxoachs rhar of srmasud copper steel Test 
dataduringapaiodof4yarrs,bemeen~ 
of4to8years,indkarerelarivelossesinwdghras 
1.00 for stmcmml copper steel, 125 for USS. A-R 
Sr& and 1.75 for suucmral carbon srazl In applica- 
tions under warer, in rhe soil, or where chcmicsl cor- 
rosion is involv4 this srcd should ahibir a corrosion 
resisrancesimilarro&arshownbpdrhasaucnud 
carbon or suuaurd copper sreek 

General Charac?eristicr: 
Because resisfanoz to abrasion is fhe fundamenrai con- 
sideradon, USS. A-R Steel is generally furnished co 

chechanicdcomposirionrangeshownThcsurface 
hardness of the as-rollal srcel will usually be in rhc 
rangeof2OOto250BrindLWhenacerrainminimum 
ormaximumBrkUhardnessisdeskd,rhcpmdua 
must be ordacd stress rdievcd or orhcrwk hart 

Forms Available: 
Pla~ban,horrokdstripandhorro&dsheccr 

Applications 
BafGplares,gradaandmixerblades,dxagand&m- 
shdl budree, gravd chures, dredge pipe, linas, meens, 
wearing plarcs, dusr collecms, grinding miIls, hoppers. 

Manufachwer: 
united srares steel cxxporariorl 

Pimburgh 30, Pemsylvauia 
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TIMETAL@ 6-2-4-2 
(Medium-Strength Elevated-Temperature Titanium Alloy) 

Timetal 6-2-4-2 has a combination of tensile strength, creep strength, toughness, and high-temperature stability for long-term application at 
temperatures up to 538 "C (1 000 OF). 

Timetal is aregistered trademark of Timet. 

Chemical Composition, wt.%: 

Aluminum 
Tin 
Zirconium 
Molybdenum 
Silicon 
Iron 
Oxygen 
Carbon 
Nitrogen 
Hydrogen 
Residual elements, each 
Residual elements, total 
Titanium 

Physical Properties: 

5.50-6.50 
I. 80-2.20 
3.60-4.40 
1.80-2.20 
0.06-0.13 
0.25 max 
0. 15 max 
0.08 max 
0.05 max 

0.10 max 
0.40 max 

bal 

0.01 80-0.01 25 

(Typical values at room temperature of about 20-25 "C 
(68-78 O F )  unless otherwise noted.) 
Density, kg/m3 4540 (0.164) 
Beta transus, "C ( O F )  995 f 15 (1825 f 25) 
Melting point, "C (OF) 1705 (3 100) 
Thermal conductivity, W/m . K 6.92 (4.00) 

Specific heat capacity, J/kg . K 460 (0.1 10) 
(Btu/(ft. h . O F ) )  

(Bhdlb . "F) 

Table 1 Typical Tensile Properties 

Electrical resistivity, pLR . m 1.85-1.90 (1113-1143) 
(LR circular-mil/ft) 

Magnetic permeability Nonmagnetic 
Coefficient of thermal expansion, 7.7 (4.3) 

0-100 "C (32-212 OF), 10-6/K 
(1 0-6/"F) 

Mechanical Properties: 

Modulus of elasticity, typical, 20-25 "C 

See also Tables 1 and 2. 

114 (16.5) 
(68-78 "F) GPa (lo6 psi) 

Heat Treatment: 

Condition Treatment, generalized 

Stress relief anneal 

Mill anneal 

Solution treatment 

Aging 

482-649 "C (900-1200 O F )  

1-4 h, air cool 
704-843 "C 

(1300-1550 O F ) ,  air cool 

below beta transus, 
1 h water quench 

15-30 "C (25-50 O F )  

538-593 "C 
(1000-1 100 "F) 8 h, air cool 

Temperature Rod diameter Yield strength, 0.2% Tensile strength 
"C "F mm in. MPa hi MPa k.;i Elongation on 4D. 70 Reduction in area. 70 

20 68 38 150 895 130 1004 146 
28 110 895 130 1018 148 
18 0 71 955 139 1045 152 

480 896 38 150 545 79 716 104 
28 110 557 81 723 105 
18 0 71 565 82 735 I07 

19 
19 
18 
26 
27 
25 

42 
44 
40 
63 
65 
67 

Table 2 Creep and Post-Creep Tensile Properties 
Creep properties Post-creep tensile properties at room temperature 

Temperature Strea.; Yield Ftrength, 0.2% Ten.;ile Ftrength 
"C OF MPa ksi Time, h Total plastic strain, % MPa ksi MPa ki Elongation, % Reduction in area, % 

450 842 386 56 100 0.066 95 1 138 1038 151 19 37 
386 56 300 0.109 

500 932 300 44 100 0.060 95 1 138 1038 151 18 39 
300 44 300 0.125 

540 1004 170 25 I00 0.178 

. . .  . . .  . . .  . . .  . . .  . . .  

. . .  . . .  . . .  . . .  . . .  . . .  

. . .  . . .  . . .  . . .  . . .  . . .  
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Table 3 Heat Treatments for Sheet 
Temperature 

Treatment "C "F Time, h Cooling method 

Duplex anneal (DA) 

First stage 900 1650 . . .  Air cool 
Second stage 785 1450 ... Air cool 

Triplex anneal (TA) 

First stage 900 1650 2 Air cool 
Second stage 785 1450 . . .  Air cool 
Third stage 595 I100 2 Air cool 

Table 4 Heat Treatments for Bar and Forgings 
~~ 

Section size Temperature 
mm in Treatment "C "F Time, h Coolinc method 

Forgeability: 

Rough forging is carried out at 1038-1066 "C (1900-1950 "F). 
Finish forging is done at 954-982 "C (1750-1800 OF). 

General Characteristics: 

Timetal 6-2-4-2 has a combination of tensile strength, creep strength, 
toughness, and high-temperature stability for long-term application 
at temperatures up to 538 "C (1000 OF). Its primary application is 
gas turbine compressor components such as blades, disc, and 
impellers. This alloy is also used in sheet metal form for engine 
afterburner structures and for various hot airframe skin applications. 
Forging and machining characteristics of this alloy are very similar 
to Timetal 6-4. A typical microstructure at 200x is shown in Fig. 1. 

>63.5 >2.5 Anneal 955 1750 I Air cool 
Stabilization 595 1100 8 Air cool 

<63.5 4 5  Anneal 900 1650 1 Air cool 
Stabilization 595 I100 8 Air cool 

Product Forms Available: 

Sheet, bar, and forgings 

Applications: 

The primary application is gas turbine compressor components. 

Producer: 

Timet 
Denver, CO 80202 

www.timet.com 
(303) 296-5600 

Fig. 1 Typical microstructure at 200x 

Specific heat treatment for sheet is shown in Table 3 and for bar and 
forgings in Table 4. 

Weldability: 

Weldability is fair. Contact the producer for more information. ISSN: 002-614X Ti-140B 
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H Y L I T E - 6 0  Titanium Alloy 

JANUARY 1968 

HY LITE-60 
(Alpha-Beta Titanium Alloy) 

Hylite 60 is an alpha PIUS beta alloy having high tensile strength and good creep properties. It is suitable for compressor 
discs and blades and ocher hi$lly stressed components up to 500°C. 
Composition: Physical Constants: (at ZOOC) 

Hydrogen 0.013 ma..* 
Aluminum 2.0-4.0 
Tin 5.0-7.0 
Zirconium 4.0-6.0 
Molybdenum 1.0-3.0 
Silicon 0.3-0.7 
Titanium Remainder 

*Hydrogen on forgings 0.015 max. 

Density, Ib/cu.in. 0.172 

Electrical tesistioity, microhm-cm 153 
Thermal conductivity, cal/cm2/cm/sec/°C 0.017 

Modulus of elasticity, psi x lo6 

Specific gravity 4.73 

Thermal coef. expansion/°C r 10-6 (~O-IOOOC) 7.9 
16.2 

PROPERTIES 

Table 1 - TYPICAL MECHANICAL PROPERTIES 
(1" dia. bar, fully heat created) 

Tensile strength, psi 156000 
12 1000 

, psi (0.10%) 129500 , psi (0.20%) 136200 
, psi (0.50%) 143600 
, psi (1.0%) 152800 

Yield strength, psi (0.05%) 

Elongation, % 
(L = 5D (L = 5 . 6 5 s )  12.0 
(L = 4& 14.0 

Reduction of area, % 27 

Test 
Temperature 

OC 
200 
300 
400 
500 
600 
650 
700 

Table 2 - TYPICAL ELEVATED TEMPERATURE PROPERTiES 
(1" dia. bar, fully hear treated) 

Tensile Yield Strength, psi Elongation 
Strength % 

0.05% 0.10% 0.20% 0- - 1.0% L = 4 &  - - -  psi 
129500 90000 93600 99600 107800 114500 18.0 
122000 73900 83600 92000 100800 109000 18.0 
113700 79200 85900 90300 97200 101500 18.5 
109800 79500 84400 87100 92500 98600 19.5 
97700 60500 66000 72500 81500 87600 22.5 
68300 30800 36400 42100 53000 57300 38.5 
57400 22800 26900 30500 37500 42800 58.0 

Table 3 - TYPICAL FATIGUE PROPERTIES 
(Wohler fatigue tests on 5/8" dia. rolled bar in h e  fully hear treated condition) 

Test Fatigue Strength, psi a t  

OC Specimen 20x106cycles 4 0 ~ 1 0 ~  cycles 100r106 cycles 
Temperature 

20 Plain 94100 294 100 - 
Notched 249300 249300 - 

450 Plain 282100 %1700 280700 
Notched 24 1900 k41500 241500 

so0 Plain 282900 281700 280700 
Notched 240400 239700 239300 

60@ Plain - - 53800 
(Suers C O R C C ~ I ~ ~ R ~ ~ O Q  factor or norched specimens, approlimareiy 2.4) 

Reduction 
of Area 

% 
47 
47 
47 
53 
55 
67 
86 
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Table 4 = CREEP RUPTURE PROPERTIES 
[5/8" and 1" din. roller bars in the fullv heat aeaced condition) 

Test Stress. D S i  to Produce 
Twpennue Time P1.rhc Strain of Stress, psi to 

Hours 0.05% 0.10% 0.20% Produce Rupture - - - -  oc 

500 

550 

600 

400 100 
300 

450 30 
100 
300 

1,000 
3,000 

10,000 
30 

100 
300 

1,000 
3,000 

30 
100 
300 

1,000 
100 
300 

1,000 

- - 
57000 
50000 - 
- - 

38600 
29200 
21300 - - 
20200 
14200 
8700 - - 

67200 - 
60500 

605 00 72800 
54500 70500 - 66500 - 63800 - 6 WOO 

46000 58300 
39900 53800 
28700 43900 - 28100 

21000 29200 
13500 19800 

- - - 

- - 

- - 
- - - - - - - - 

- - 
67700 
52200 
44100 
3 1900 
22400 
20200 

Table 5 - CREEP PROPERTIES 
(Results from a 24" dia. compressor disc forging 

in the fully heat created condition) 
Stress. Dsi to Produce a 

Temperature Time Toral'Plastic Strain of 
OC - Hours 0 2 %  0.20% 

450 100 59700 80700 
300 52000 77300 

1000 47100 70600 
500 100 47100 - 

300 40900 - 

Heat Treatment: 
Solution Treatment: Heat at l00CPC for one hour per 

Aging Treatment: After the solution treatment reheat LO 
inch of section and air cool. 

550%, hold at temperature for 24 hours, air cool. 
Machi na bi I i ty: 

This alloy requires rigid set-up, heavy feed, s low 
speed, and adequate coolant. Its machinability is 
similar to that of other tiunium alloys. Grbide  tools 
such as K6, 883, and HA are recommended for turning. 
High speed steel tools can be used but necessitate 
lower cutting speeds. With carbides use cutting speeds 
of 120-160 sfpm and feeds of 0.008-0.015 ipr. With high 
speed steels use cutting speeds of 30-60 rfpm and 
feeds of 0.004-0.007 ipr. 
Carbide turning tooh  should be ground LO 0 deg. back 
rake, 6 deg. side rake, 6 deg. ride and end cutting-edge 
angles, 6 deg. relief angle and 0.040 inch nose radius. 
High speed steel turning tools should be ground to 5 
deg. back rake, 5-15 deg. side rake, 5-15 deg. side 
cutting-edge, 5 deg. end cutting edge, 5 deg. relief 
angle and 0.010 inch nose radius. 

The beta transus for this alloy is in the region of 
950% (17400F). Initial ingot (melt) breakdown may be 
carried out in the range 1000.80ooC (1830-14700F). 
Intermediate working is normally carried out with a 
maximum temperacure of 940% (1725OF) with a final 
30% reduction below 9200C (16900F). 

Completely weldable when adequately protected. Use 
the same techniques as for commercial pure uunium. 
Recommend the airconuric and heliarc methods, spot 
and seam welding. 

Workability: 

Weldabi I i ty: 

Corrosion Resi stance: 
The corrosion resistance characteristics are similar to 
the commercially pure grades of titanium. It is highly 
resistant to salt water, many acids, alkalis, and other 
chemicals. Galvanically, this alloy is near the noble 
end of the scale, and galvanic couples behave like 
austenitic stainless steel. 

Descale in standard sodium hydride or Hooker bath, 
followed by water quench and brief brightening dip 

Pickle in 25% HNO,-2% HF. Finger stains are removed 
by most detergents. 

Hylire 60 is an alpha-beta titanium alloy supplied with 
a maximum hydrogen content of 0.013% (130 p.pm.). 
It possesses superior creep strength co Hylite SO and 
is therefore most suimble for compressor discs and 
ocher highly stressed components up to 5 0 K .  

Bars and billets for forging are normally supplied in the 
stress relieved (i.e. annealed) condition. Bars and 
billets for machining and forgings are normally supplied 
in the heat treated condition. 

Jet engine components, airframe forgings, fasteners, 
turbine compressor discs. 

JessopSaville, Ltd. 
Sheffield, England 

Pic k l  ing: 

(10% HN0,-1/4% HF.) 

General Charactori sties: 

Forms Available: 

Applicationr. 

Manufacturer: 
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ZAMAK 3 
(General Purpose Zinc Die Casting Alloy) 

ZAMAK 3 is the most widely used general purpose zinc-base die casting alloy. It provides an excellent combination of 
strength and ductility. It has good impact strength. It is the designer’s first choice for die casting applications. 

Composition (Principal Elements): 
Aluminum 3.94.3 
Copper 0.1 max. 
Magnesium 0.025-0.05 
Zinc Largely the remainder 

Physical Properties: 
Density, Ib/cu in. 

kg/m3 
Melting range, “F 

“C 
Thermal coef. expansion/°F (68-21Z°F) 

PC (20- 100°C) 
Thermal conductivity, Btu/ft l hr l OF 

W/m-K 
Electrical conductivity, % IACS 
Pattern shrinkage, in/in 

PROPERTIES 

Table 1 - MECHANICAL PROPERTIES 

Tensile strength, ksi @@a) 
Yield strength (0.2% offset), ksi @IPa) 
Elongation (2”), % 
Sheer strength, ksi (MPa) 
Compressive strength, ksi (MPa) 
Modulus of elasticity, ksi (MPa) 
Fatigue strength (Rotary bend, 5 x 1Os cycles) 

ksi (MPa) 
Impact strength (l/4” unnotched Chaqy) 

ft-lb (J) 
Hardness, Brinell 

41 (283) 
32 (221) 

10 
31 (214) 
60 (414) 

12400 (85500) 

6.9 (47.6) 

43 (58) 
82 

718-728 
381-387 

15.2 x lad 
27.4 x 1V 

65.3 
113.0 

27 
0.006 
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Heat Treatment: 
ZAMAK 3 is used as cast. Die casting alloys are generally 
not heat treated. 

Machinability: 
ZAMAK 3, like other zinc alloys, machines rapidly with 
minimal tool wear. Machining rates rival those of free 
machining brass and can be 3 times faster than for gray 
cast iron. Tool breakage is not a problem. Superior net 
shape casting capability frequently obviates machining. 

Workability: 
Like other ZAMAK alloys, ZAMAK 3 has sufficient 
ductility to permit bending and crimping in post-casting 
assembly. 

Joining: 
ZAMAK3canbeMIGorTIGwelded.Itcanalsobe 
brazed using special zinc filler rods. The alloy is most 
often joined by mechanical methods. Flaring, riveting 
and crimping are common low-cost joining methods. 

Corrosion Resistance: 
ZAMAK 3 has excellent corrosion resistance under nor- 
mal atmospheric conditions, and in many aqueous, in- 
dustrial and petroleum environments. Corrosion resistance 
can be enhanced by plating, painting and zinc anodizing. 
Electroplating is generally a multi-layered coating (one 
or two copper layers, one or two nickel layers and a final 
layer of chromium, gold or brass. When resistance to 
corrosion and abrasion are paramount, chromium is the 
preferred final coating. 

General Characteristics: 
ZAMAK 3 has an excellent combination of tensile 
strength, ductility, toughs (impact strength), fatigue 
strength and finishing characteristics, all at favorable cost. 
Its modulus of elasticity is greater than those of magne 
sium and aluminum die casting alloys and much greater 
than that of engineering plastics. Thermal and electrical 
conductivity are good. The alloy is nonsparking and 
nonmagnetic. Damping capacity is excellent. The alloy 
has excellent dimensional stability, often obviating the 
need for machining after casting. Applications above 
250’F (121’C) are beyond the capability of ZAMAK 3. 
High constant stress applications should also be avoided. 
The alloy can be produced in “hot chamber” die casting 
machines which provide fast cycle times and reduced 
production costs. 

Forms Available: 
Ingot, die castings. 

Applications: 
Automotive components (housings, heat sinks, trim, 
handles), electronics, household faucets, hand tools and 
a wide variety of general purpose applications where net 
shape, precision and physical properties are important. 

Producer: 
Noranda Sales Corporation 
Toronto, Ontario M5H 3X2 
Canada 

Alloy Digest      Copyright© ASM International® 2002


	Front Matter
	Table of Contents
	Aluminum Alloy
	4xxx Series Aluminum Silicon
	ALCOTEC WELD FILLER WIRE 4145 Aluminum Welding and Brazing Filler Wire


	Aluminum
	1xxx Series Commercially Pure Aluminum, 99.00% or Greater
	ALCOA 1XXX SERIES Extruded Non-Heat-Treated Aluminum Alloys


	Miscellaneous Oxide Based Material
	Unclassified Oxide Based Material
	ZIRCAR ZIRCONIA POWDER TYPE ZYP-4.5 Yttria Stabilized Zirconia Powder


	Miscellaneous Silicate Based Material
	Unclassified Silicate Based Material
	ALUMINA SILICATE 902* Machinable Ceramic


	Miscellaneous Ceramic Material
	Unclassified Ceramic Material
	ALSIMAG 222 Machinable Ceramic


	Miscellaneous Nitride Based Material
	Unclassified Nitride Based Material
	SILICON NITRIDE SN-220 Engineering Ceramic


	Miscellaneous Carbide Based Material
	Unclassified carbide based material
	SILICON CARBIDE SC-221 Engineering Ceramic


	Cast Iron
	Austenitic Cast Iron
	ALMANITE* WSH Abrasion-Resistant Austenitic Cast Iron


	Cobalt
	Cobalt Chromium Nickel Tungsten
	UNITEMP L-605 High Temperature Alloy


	Refractory Alloy
	Cobalt Chromium Alloy
	ULTIMET^TM ALLOY Improved Co-Cr-Mo Cobalt-Base Alloy


	Cobalt Superalloy
	INCONEL® ALLOY 783 Age-Hardening Nickel-Iron-Cobalt Superalloy

	Carbon Matrix Composite
	Carbon Fiber Reinforced Carbon Matrix Composite
	CALCARB® High-Temperature Carbon Fiber-Carbonized Resin Composite


	Polymeric Fiber Reinforcement
	Aramid Fiber Reinforcement
	KEVLAR® 49 Fabric and Fabric Relnforced Composites* Data Involving 1 Light Weight and 4 Medium Weight Fabric Styles


	Miscellaneous Thermoplastic
	Unclassified Thermoplastic
	ELECTRAFIL® G-50/SS/5 Conductive Thermoplastic


	Miscellaneous Thermoplastic Matrix Composite
	Aramid Fiber Reinforced Thermoplastic Matrix Composite
	KEVLAR® / J-2 Thermoplastic Composite Material


	Metal Matrix Composite
	Metal Matrix Composite
	SXA® Discontinuously Reinforced Aluminum Alloys


	Plastic Alloy
	Polyamide Alloy
	AKULOY^TM RM M-1915 30% Fiberglass Reinforced Modified Polyamide Alloy


	Fluoroplastic Matrix Composite
	Unclassified Polymer Matrix Composite
	ZYMAXX Chemical and Creep Resistant Parts


	Miscellaneous Composite
	Unclassified Composite
	REFRACTORY SHEET TYPE 100 Ceramic Fiber Reinforced Alumina Composite


	Polyimide
	Polyetherimide
	ULTEM 2100, 2200, 2300 & 2400 Glass Reinforced Amorphous Thermoplastic Polytherimides


	Epoxy Resin Matrix Composite
	Aramid Fiber Reinforced Epoxy Resin Matrix Composite
	UNIDIRECTIONAL KEVLAR® 49 ARAMID REINFORCED EPOXY COMPOSITES Fiber volume fraction 55-60%; ply thickness approximately 5 mill


	Copper Alloy
	Aluminum Bronze
	RESISTAC No. 1 Heat Treatable Aluminum Bronze


	Copper
	Beryllium Copper Alloy
	ALLOY 390^TM Copper-Nickel-Beryllium Alloy


	Iron Alloy
	Magnetically Soft Iron Alloy
	PERMENDUR 49 Cobalt Iron Soft Magnetic Alloy


	Miscellaneous Iron Alloy
	Electrical Steel
	Armco Tran-Cor Electrical Steel, Grade H-0 "Super Oriented"Electrical Steel


	Magnesium Alloy
	Unclassified Cast Magnesium Alloy
	ELEKTRON ZT1 Magnesium Casting Alloy, Creep-Resistant Up to 660°F.


	Magnesium
	Cast Magnesium Rare Earth
	ELEKTRON MSR-B Heat Treatable Magnesium Casting Alloy


	Miscellaneous Nonferrous Alloy
	Unclassified Manganese Alloy
	C. D. C. MANGANESE ALLOY No. 772


	Miscellaneous
	Manganese
	KANTHAL® 200/72 Thermostatic Bimetal


	Nickel Alloy
	Cast Nickel Base Alloy
	CHLORIMET® 2 Corrosion-Resistant Cast Nickel-Base Alloy


	Nickel
	Commercially Pure or Low-Alloy Nickel
	HPM® 233 High-Purity Nickel Alloy


	Polyurethane Thermoplastic
	Rigid Thermoplastic Urethane
	ISOPLAST 101, Unreinforced Rigid Polyurethane Thermoplastic Polymer


	Polyamide Thermoplastic Elastomer
	Polyamide Thermoplastic Elastomer
	GRILON ELX23NZ Thermoplastic Polyamide Elastomer Alloy


	Polyester
	Polybutylene Terephthalate
	VALOX® 300 FAMILY Unreinforced Engineering Themoplastlc Resins


	Epoxy Resin
	Epoxy Novolac Resin
	TACTIX 556 Low-Moisture, Hydrocarbon Epoxy Novolac Resin


	Polysulfide
	Polyphenylene Sulfide
	SUPEC G401 and G402 High-Strength, High-Performance Crystalline Polymer


	Vinyl Ester Resin
	Elastomer Modified Vinyl Ester Resin
	DERAKANE 8084 Elastomer Modified Vinyl Ester Resin


	Styrenic Resin
	Polystyrene
	STYRON 666D, 685, 685D, 697 General Purpose Polystyrene Resins


	Polyamide
	Nylon
	GRIVORY G 355 NZ High impact Resistant Thermoplastic


	Polycarbonate
	Unclassified Polycarbonate
	LEXAN® Thermoplastic Polycarbonate Resin


	Low Melting Alloy
	Bearing Lead Alloy
	FEDERATED No. 7 Bearing Alloy


	Noble Metal Alloy
	Commercially Pure Palladium
	PALLADIUM Silver-White Noble Metal


	Steel
	Abrasion Resistant Steel
	U.S.S.* A-R STEEL Abrasion Resisting Steel


	Zinc Alloy
	Unclassified Cast Zinc Alloy
	ZAMAK 3 General Purpose Zinc Die Casting Alloy



