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Introduction

This file was first published in 1982 and consists of two data sheets for 90-10 Copper-Nickel
and 70-30 Copper-Nickel respectively. The original data sheets were published in 1972,
prepared by the then International Copper Development Council from data collected 1968-1972.
They contain a unique summary of data relating to the physical and mechanical properties of the
materials and low, ambient and elevated temperatures which is not available elsewhere. Tensile,
hardness, impact, creep and fatigue data have been abstracted from the relevant original
literature. For the sake of accuracy, it is presented in bold type in the units in which it was
originally published with the lighter type equivalents in corresponding units.

To convert to SI units the following factors will be useful:

To convert to N/mm’ from multiply by

hbar 10

mega pascals (MPa) 1

MN/m’ 1

kgf/mm® 9.806 65

Ibf/in’ 6.894 7573 x 107
ksi 6.894 757 3

UK tonf/in® 15.444 256

Sh tonf/in’ 13.789 515

To identify current standards and designations for 90-10 and 70-30 copper- nickels, link to the
Copper Key (http:// www.copper-key.org/index.php?lang=english) or refer to international and
national standards organisations.



http://www.copper-key.org/index.php?lang=english

CuNi10Fe1Mn

Common names:

90/10 Copper-Nickel-Iron
90/10 Cu pro-nickel
Cupro-nickel, 90/10

A copper-nickel alloy with an alpha phase structure. Small amounts of iron and manganese are
added to improve corrosion resistance in high-velocity (from 1 to about 3.5 m/s) waters,
including seawater. The alloy is relatively insensitive to stress corrosion. It has good cold- and
hot- working properties and is readily weldable. The most commonly used wrought forms are
plate, sheet and tube.

Composition (weight %)

Ni 9.0-11.0
Fe 1.0-2.0
Mn 03-1.0
Cu rem.

1. Some Typical Uses

Chemical

Tubes and tubeplates for light-duty condensers, feedwater heaters and evaporators, including
power stations, sugar-making and desalination plant.

Marine

Tubes for condensers, evaporators and heat exchangers; tubes carrying seawater for fire mains,
cooling-water circuits and sanitary services on board ship; sheathing for wooden piles;
underwater fencing.

Mechanical

Multi-core cabled tubes for hydraulic and pneumatic lines.



2. Physical Properties

Metrie Units English Units
21 Density at20°C 68°F . . . ) . . ) . | 890 gfem? 0.320 Ibfin®
22 Melting range @ . . . . . . . . . L] 1100-1145°C 2 010-2 095 °F
2.3 Coefficient of thermal expansion (lincar) at:
—183to 10°C —257 o S0°F . . . . . . .| 0.000 013 per°C 0.000 007 per °F
2010 300 °C 68 to 572°F . . . . . . .| opooo? o, 0.000005 ,, ,,
2.4 Specific heat (thermal capacity) at;
20°0 68°F . . . . . . . .| 008 calfgC 0.09 Btufib “F
25 Thermal conductivity at:
20°C 68°F . . . . . . . .| 042 calemfem? s°C 29 Btu ft/ft* h °F
26 Electrical conductivity (volume) at:
—269°C —452°F {annealed} . . . . | 5.8 mfohm mm? 10% I1ACS
20°C 68 °F (annealed or cold worked) . . .| 5 “ 9,
200°C 3I2°F (., T T . .| & n 84
2.7 Electrica! resistivity (volume) at:
R . 0.17 ohm mm?3fm 104 ohms (cire mil/ft)
—269°C —452 °F (annealed) 17 microchm cm 6.8 microhm in
N . 0.1 ohm mm?*fm 115 ohms {circ milftt)
20°C 68 “F {annealed or cold worked) 19 microhm em 7.5 microhm in
o o 6.22 ohm mm?/m 130 chrns {cire mil{ft)
200°C 3925w oo v ! "l 22 microhm ¢m 8.5 micrehm in
2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed or cold worked) . . .| 0.000 7 per“C (9% LACS) 0,000 4 per °F (8% |ACS)
applicable aver range from 0 to 100 "C 32 {0 212 °F
29 Modulus of elastncn:y (tension) at 20°C 68 °F
annealed . . . . . . . . .| 13800 kgfmm? 19 600 000 ibfin®
cold worked o . . . . . . .| 13000 kg/mm? 18 500 000 Ibfin?
2.10 Modulus of rigidity (torsmn) at 20 ’C 68°F .
annealed o - . . . .| 5100 kg/mm? 7 300 000 Ibfin®
cold worked ) . . . . . . . . . .| 4800 kgfmm? & 800 000 |b/fin®

ta}  The malting range covers the highest liquidus and lowest solidus temperatures over the cemposition range quoted. The values are based on: Hansen, M.
and Anderko. . Censtitution of Binary Alluys. 2nd ed. (1958) McGraw-Hill, London, New York; more recent work (Feest, E.A, and Doherty, R.D. The Cu-Ni
Equilibrium Phase Ciagram. 4. Inst. Metals, Vol, 92 (1871}, pp. 102-103) indicates that the solidus tempearature may be slightly higher.

) Approximately 50% cold work.
MN.B.: The values shown in Section 2, which have been appropriately rounded fn view of the composition ranpe involved, are based on sefected fiterature
references.

INDEX NUMBERS RELATE TO LITERATURE REFERENCE; INDEX LETTERS RELATE TO FOOTNOTES AT END OF
TABLE



3. Fabrication Properties

The information given in this table is for general guidance only, since many factors influence
fabrication techniques. The values shown are approximate only, since those used in practice are
dependent upon form and size of metal, equipment available, techniques adopted and properties
required in the material.

Metric Unlts Englizh Units
i
3.1 Caating temperature range 1225-1 300 °C 22352 3% °F
3.2 Annealing temperature range . 700~ 825°C 12801 515°F
Stress relieving temperature ranga . 275 400°C 585 750 °F
3.3 Hot working temperature range 8s50- 950°C 1 5601 740 °F
3.4 Hot farmability Good
3.5 Cold farmability Excellent
3.8 Cold reduction hetween anneals 809 max.
3.7 Machinabitity: . See General Dtata Sheet No. 2
Machinability rating {free cutting brass = 100) 20
3.8 Joining methods: See Ganeral Data Sheet No. 3.9

Soldering .

Brazing

Chey-acetylene welding

Carbon-arc welding .

Gas-shieided arc welding

Coated metal-arc welding

Resistance welding: spot and seam .
buit |

Excellent
Good
Not recommendead
Not recommended
Excellent
Goad
Good
Gaod



4. National Specifications for Manufactured Forms

and ISO Recommendation

Sections
Deasignation Dasignation Specification Plate
Countty of of Material for Chemical Sheet Reod Wire Tube / Forginge
Standards in Standards |Composition ® Strip
Shapes
Australia . SAA — —_ —_ —_ — — — —
Belgium NEN — — — — — — — —
HC.73
Canada CSA HC.NF101 — HC.4.6 — - HC.74 —_ —_
Chile NCh Cu N0 Fel Mn | NCh 250, of 68 - — - - - -
"NINDITECNOR) !
France . NF Cu Ni10 Fet Mn — — — — A 51-102 _ —
Germany DIN Cu Nit0 Fe 17 664 7o | 17eme | 17ere | AT - 17673
. NS 10 _ _ . N _
India 1S Cu Ni10 Fed 2283 1545
Italy UNI Ft-Cu N1l Fe1 Mn — — —_ — 6785 — —
CNP 1
Japan JIS CNTF 1 - H 3251 — — H 3635 - —_
CNTF18
Netherlands .| N or NEN ¥ Cu Ni10 Fe1 Mn NEN 6030 NEN 6033 —_ —_ —_ — —_
South Africa . SABS — — — —_ — -— _ —
Spain UNE _— - - — — — —_ —
Sweden SIS —_ - - — — — — —_
Switzerland YSM Cu Nit0 Fe Mn - 10 803 - — | e - -
1541
United BS CN102 - 2570 - — 378 - -
Kingdom DETS 2871
B111
B122 B354
United B15t _ _ B395 _ _
States @ ASTM No. 706 - BITY B456
B402 B46T

International
Organization
for
Standardiz-
atien

150

Cu Nij0 Fet Mn

R 429

(a}  Applicable when the chemical composition is not given in the apecifications for wrought tarms.
{6} Qlder specifications bear prefin N; for new specifications the NEN prefic Is usad.
b In metricated revisign {1968); not in imperial units edition (1962).

t In the United States, bar is covered under the Plate-Sheet Strip calumn,

To identify current standards and designations for 90-10 and 70-30 copper- nickels, link to the
Copper Key (http://www.copper-key.org/index.php?lang=english) or refer to international and

national standards organisations.


http://www.copper-key.org/index.php?lang=english

5. Mechanical Properties

5.1 Mechanical Properties at Room Temperature

The values shown represent reasonable approximations for general engineering use, taking
account of variations in composition and manufacturing procedures. For design purposes,
national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the
typical values indicated.

5.1.1 Typical Tensile Properties and Hardness Values - Metric Units

Proof

Elongation

Hardness

Tensiie Shear . .
Stress Typical Size Related
Form Temper Strength 0.9% offset auge Strength to Properties Showa @
kafmm? 'k!ﬁ;mz % ?enggth Erlnell | Vickers | kg/mm?
Annealed a2 12 3 5.65%'S, 65 68 24 1-20 mm thick
Plate
Sheet
Strip | Typical Cold Worked | 45 38 12 5653, | 120 125 09 1-10 mm thick
Temper
Annealed 10-30 mm O.D.
B85 0 74 25
(grain size 0.025 mm) a3 H s $ 8. 1-3 mm wall
Tube &
Typical Cold Drawn 10-30 mm C.D.
Y emper 2 35 14 | 565V'S, | 120 125 29 v

in) It is possible to obtain sizes outside the ranges given in this column, but information on their mechanical groperties should be obtained from the metal
manufacturers.
) Tubes for condensers and heat exchangers are generally supplled in the annealed temper whose repiesentative mechanical praperties are shawn.



5.1.2 Typical Tensile Properties and Hardness Values - Sl and English Units

Proof Sh
;{;’::;i: Stress Elongation Stre:;:h
Forem Temper @ 0.1% offset Vickers Typical Size Related
Hardness to Propertios Shown &
hbar |tonfin® | hbar [tonfin®| % ;”e:uggt: hbar | tonfin?
Annealed 2| n 12 8 |42|585VS, 85 25 16 —
Plate Hot Rolted -
As Manufactured 34 2 14 a9 40| 5,68V S, 85 26 17 12-50 mm (0.5-2 in.} thick
5¢ mm
Annealed 32 Hi| 12 B 45 ) 85 25 16 —
(2 in.)
Sheet
Strp
Hot Ralled 50 mm . .
As Manufactured 36 23 13 12 40 2 in.) 105 26 17 B-10mm {0.125-0.375 in.} thick
Annealed e
(grain size 0,025 mm) 12 1| 14 9 40 | 565V S, 85 25 16 —
Cold Drawn or
Temper Annealed
Tube ©@ _— 50-255 mm {2-10in.) O.D
Temper Annesled 35 23 19 12 |36 S.GSVE 120 28 18 2.5 mm (0.08-0.2 in.) wall
Temper Annealed | 36 | 23 |19 | 12 |38 (585V5, | 115 7 | 18 .
Temper Annealed | 43 | 28 |32 | 21 [30|585VS, | 140 2 | 21 |E80mm(025-2in) O.0.
As-Drawn{hard) | 54 | 35 |46 | 30 {13]|565vS, | 165 s | 2z [082mm(002-008in) wa

(b

(c}

"

The recognised temper degignations used tn the relevant British Standards are alzo given.
It is possible to abtain slzas outside the ranges given in this column, but intormation on thelr mechanical properties should be obtained frarm the metal
manufacturers.
Intermediate tube tempers are generally obtained by temper annealing. Drawn tubes are usually stress relieved alter the final draw. Fubes for condensers
and hest axchangers are mainly supplied in tha tempers whose representative mechanical properties are printed in bold type.

1t will be nated that tables 5.1.1,5.1.2 and 5.1.3, giving typical tensile propertias and hardness values in Metric, 51and Engligh, and Amarican units respectively
are not directly comparable. This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of products referred to in these tables, Individeal manufacturers of semi-febricated
products, can, however, normally meet the requirements of any national standard.




5.1.3 Typical Tensile Properties and Hardness Values - American Units

Yield . Rockwell
i Strength Elengation Hardness Shear
Tensile 05% Stecotn| Typical Size Related
Form Tempet Sll&l"l_Q“'l extension ::ig te Properties Shown @
psi under load gauge
psi % length F B 30T
As Hot Ralled 40 000 15 006 3§ 2in. ] — | 28| — | 30000 20 in. thick
44 000 15 000 | 2in.| — ) 10| — | 33000 0.044 in, thick
Annealed 42 000 18 000 3% | zin.] — | 18] — | 3200 1.0 in. thick
Flat Products | Cold Worked o
(Plate, Sheet, | "ot Hard 61 000 56000 |20 | 2in. | — | 65 | — ' 43000 0.040 in. thick
Strip} Hard 57 000 s1000 |18 | 2in. | — | 66 | — | 44000 .
Extra Hard 70 000 63 000 15 | zin. | — | 66 | — | 42000 "
Spring 72 000 65 000 14 | 2in. | — | 8 | — | 40000 N
Extra Spring 75 000 67 000 12 | ¢in. | — | 88 | — | 3so00 "
Hard 58 000 45 000 20 | 2in. | — | 88 | — | 28000 1.0 in. thick
Annealed . )
{grain size 0.025 mm) 44 Q00 16 aD0 42 2in. 65 15 26 33000 [1.0in. Q.D. x 0.065in. wall
Tube
Cold Worked ]
Light Drawn 60 000 57 000 10 | 2in, 100 | 72 | 70 | 42000 |1.00n.0.D. x 0.065in. wall

18} It is possikle to obtain sizes different from those given in this column, but information on their mechanical properties should be obtained from the metal

marnufacturers.
(% Tubes for condensers and heal exchangers are generally supplied in the annealed or light-drawn tempers whose representative mechanical properties are

shown.

*It will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness
values in Metric, SI, and English, and American units respectively are not directly comparable.
This is because the properties quoted reflect to some extent the metalworking techniques,
specification practices, and testing procedures in the countries concerned, and in view of the
different sizes of products referred to in these tables. Individual manufacturers of semi-
fabricated products, can, however, normally meet the requirements of any national standards.



5.2 Mechanical Properties at Low Temperatures

5.2.1 Tensile Properties — Impact Properties

Testing Tensile Yield Elongation Impact
Temperature Strength Strength Red l-ltf:tion Strength
0.5% extL. o
Form Temper under load A:ea
i €
“C °F  [|kg/mm? | tanfin? psi psl % ﬁ:r:;ﬂh % kg mjem?| ftlb

20| 68| 345 | 22 49000 | 20000 |34[452VS| 64 7.2 L
Flat Praducts™ | Hot Rolled — 92 -134 | 42 21 60 000 33 000 43452V'S, 65 9.7 56
—126 | —195 | 47 29,5 | 66500 33 600 50|4.52v'S, 62 12 68
22| T |3 22 49600 | 21400 [37l52VS,| 19 197|114
Rad (& @ — 78|10 {385 | 245 |54700 ] 24700 |d245VS 77 195 |13
19 mm diam. Annealed —197 | —323 | 50.5 32 72 000 24 800 50 452@% 77 19.9 115
0.75 in. diam. —253 | —423 | 58 37 82 500 30 200 50 452V 5, 3 20.0 e
—269 | —452 | 56.5 36 §0 600 24 900 53462V, 73 — —

@ Charpy test; 10 » 10 x 55 mm specimen; 45° ¥ notch, 2 mm deep; cross-sectional area at the notch 0.8 cm®.
) Tensile spacimen, €.35 mm {0.25 in.} diam.

() Manganese content of alloy not reparted in original document.

N.B.:— Original values are printed in bold type; other values are converted,

— All eonvertad values for impact strength are fe be taken as indicative only; the Impact energy has been convened frgm ft o into kg mfzm® taking into
account the actual crose-sectional area of the specimen at the noteh,

— Data not available: Proof stress, 02% and 0.1%7 offset.

10



5.3 Mechanical Properties at Elevated Temperature

5.3.1 Short-Time Tensile Properties

Testing Tensile I
Temperature Strength Proof Stress Elangation
Form Temper 0.2% 0.1%
°C F  |kgfmm? | tonfin? psi offset offset | % Iga"'{;
kg/mm? | tonfin? eny
20 6 | 35 222 | 49500 152 86 | 37] 2in.
66 150 | 23 2.4 | 4750 15.9 o5 | 37| 2in
121 250 | M5 200 | 45000 16.4 15 98 | 30 2in
Annealed 177 350 | 205 19.3 | 43000 15.7 @ 82 | 35| 2in
232 450 | 29 185 | 41500 15.7@ 93 | M| 2in
288 550 | 2B 17.8 | 40000 15,4 (@ 80 | 30| 2in.
316 600 | 915 174 | 38000 149 9.0 |29 2in
Plate 2 ()
20 68 | 3 195 | 44 000 12 — | -
100 22 | M 195 | 44000 12 — | =
200 e | 28 18 40 600 1.3 - —~ =
Hot Worked 250 | as2 | 265 | 17 | 37500 | 108 A R
300 572 | 245 155 | 35000 10.0 — ~l =
350 662 | 23 145 | 32 500 9.5 — -1 =
27 80 | 32 20 45 200 Ha2 @ — 50 | Zin.
93 | 200 | 285 18 40 200 9634 | — 8| Zin
Hot Rolled 204 400 | 245 155 | 34500 8190 | — 8| 2in
316 600 | 235 15 33 300 956 ¢ | — 40| 2in
427 g0 | 21 125 | 20900 gs@ | 28 | 2in.
27 80 | 40 255 | 96 60D 37.5 1< - 241 2in
Rad 93 200 | 375 24 53 300 35,10 — 21| 2in.
25 mm diam. Cold Worked 21% 204 400 | M5 22 49 000 a3.2© — 18] 2in.
1in. diam, 6 800 | 315 20 44 100 30.4 & — 15 | 2in.
427 B0 | 27 17 38 200 246 — | Zin.
27 80 | 465 205 | 66 400 4490 — 16| 2in.
o3 200 | 435 275 | #1900 fnaw — 17 2in.
Cold Worked 36% 204 200 | M 2% 58 400 3.3 —_ 15| zin
316 600 | 37 235 | 52600 3/ — 13| 2zin
427 8O0 | 31.5 20 44 900 28,5 t¢t - | 2in.
20 68 | 38 240 | 54000 — 103 | 3] 2in.
148 300 | 35 23 | 50000 — 98 |31 Zin
177 351 | 345 215 | 49 000 — 96 | 29| 2in.
PR 204 308 | 335 213 | 47500 — 85 | 28| 2in
€ 230 450 | 23 210 | 47000 — 98 | 26| 2in.
Tube & ® 20 | 500 | 325 207 | 46500 — 84 | 2| 2in
32 mm ©.D. 35 500 | a2 202 | 45000 — 92 |23} 2im
2 mm wall 400 752 | 295 186 | 41500 — 90 | 18| 2in
‘1.25in. 0.D., 20 68 | 51 324 | 72500 — 274 6| 2in.
0.08 In. wall 149 300 | 48 305 | 68 500 — 25.9 5| 2in.
177 a1 | 465 294 | 56000 — 25.0 s| 2in.
204 300 | 45 26 | 64000 — 247 6| 2in.
Cold Drawn 40% 232 450 45 285 84 000 — 24,7 5 2in.
260 500 | 44 230 | 62500 — 24.4 5 2in
35 500 | 43 213 | 61000 — 235 5/ 2in.
400 752 | 355 224 | 50000 — 18.7 6| 2in
20 68 | 34 215 | 48500 12.8 — * [113VS,
100 | 212 | 32 205 | 45500 1 — W [11.3VS,
- 200 e | 28 18 40 000 10.5 — 30 [11.3V'S,
Conaenser Annealed w0 | 57 | %5 16 ) 95500 | 10 — | = |1avs,
40 ; 2 | 24 15 34 600 3 — | 2 |1avs.
500 | 932 | 18 15 | 25500 8 — | 2 |11avs,
g0 [1112 | # 7 15 500 7 — 32 |11.3V'S,

#) This value was ariginaily reperted in ton/in®; in this table it is given in kg/mm® fo 3 significant figures.
) The tensile and elongation values include 30 mins. creep.
(@ This vatue was originally reported in psi; in this table it 1s given in kafmm* 1o 3 gignificant figures.
N.B.: — Original values are orinted in bold typa; other values are converted.
— Data hot avallakle: Yield sirength, 0.5% extension under lead.
— Further data can be obtainad from the following papers:
W Simakovekil, A.P. Properties of Cu-Cr and Cu-Ni Alloys at Elgvated Temperatures. Metalloved | Obrabotka Mel (195B), No. 6, pp. 41-47. (tosts up to
350°C (662%F) on 20 mm sheet, hot rolled or annealed).
W Mechanical Properties of 30/10 Copper-Nickel Alloys. U.S. Naval EES Rept. 3E (B-1) 101717 (1956). {tasts on plate and rod, with Fe contents up to 1.8%).

11



5.3.2 Creep Properties

5.3.2.1 Original Creep Data

Te.rll-'leps:::?ure Stress
. Total Minimum
Form Temper Dur:tm" Extension Inte;:opf Creep Rate
s {a) [} o,
°C °F  lkgfmm? | ton/fin? | psi % % per 1000 |
10.5 6.7 15 00 & 000 0.B705 0128 < 0.000 1
148 300 14.1 8.9 20 W0 G 100 2.1 0.242 0.000 16
17.6 11.2 25 000 6 D0 4705 0.163 7 0.000 22
6.5 4.1 9 200 6 000 0.058 5 0.003 0.000 1
_ Annealed 4 10.0 63 (14200 | 5000 0,603 9 0.079 5 0.000 73
(grain size 0.025 mm) | 204 ® | 135 86 19200 | 6000 | 2178 0.202 0.0020
15.6 a.9 22 200 6 000 2.650 0.465 0.002 8
6.5 4.1 9 200 6 000 0.090 0.0143 (.000 61
260 500 9.8 5.9 13 150 6 000 4.516 0.253 8 00017
12.8 8.1 18 150 6 000 1.803 0.175 6 0.003 8
Rod '@ &
3 mm diam,
0.425 in. dlam. 14.1 80 |z00s0 | 6000 | 04391 | 0.0188 | - 0.0001
211 13.4 30 000 & 000 0.199 0.014 8 0.000 2
149 300 28.2 17.9 40 050 € 0300 0.277 0.0276 0.001 4
31.6 20.1 45 Mo 6 000 0.410 0.061 0 0.002 4
35.2 22.3 50 M0 6 000 0.635 0.164 0.003 5
10.7 6.8 15 150 6 000 0.110 4 0.019 2 0.000 2
o 17.7 1.2 25 150 6 000 0.184 0.028 0.0010
Cold Worked 2153 204 400 24.7 157 | 35100 | 6000 0.308 2 0.062 8 0.002 ¢
28.1 17.8 40 000 G 000 04115 01115 0.006 3
3.7 20.1 45 100 6 0 0.709 0.143 0.036 6
14,3 8.1 20 100 5 000 0.198 8 0.057 6 0.002 2
260 500 21.2 13.4 30 150 & 00 0.442 5 0.169 0.M136
25.0 15.9 35 500 4320 0607 0189 0.044
25.0 15.9 35 500 G 000 0.700 0102 0.061 7 (0}
2.8 1.8 4 000 1175 0.039 0.028 0.009
A fed 4.2 2.7 6 000 1525 0.056 0.046 0.000 66
Rod  © ) f‘”eg' gao 316 800 5.6 3.6 8000 | 1525 0.08 0.07 0.006 6
(grain size 0.030 mm} 8.4 54 | 12 000 955 0.136 0.10 0.037
;120 1.6 17 00 1125 0.254 0.185 0.061
a) Total extension — Initial extension + Total creep — Initial extension + Intcrcept 1 (Minimum creep rate < Duration).
{8)  Accelerating creep rate fram third stage of creep.
it} Alloy containing: 0.89%; Fe; 0.21% Mn,
) Mn cantent: 0.12%,
N.B._:— Original values are grinted in bold type: other values are converted.

— Further data can be obtained from the following papers:
W Simakovskii, A.P. Properties of Cu—Cr and Cu-Ni Alloys at Elevated Temperatures. Mctalloved i Obrabotka Met. (1358), No. 6, pp. 41-47.
M Blucher, J.T. and Grant, N.J. Recrystallization, Tensile and Stress-Rupture Properties of Nickel-Copper Adloys. Proc. ASTM, Vol. 62 (1962), pp. 593-60
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5.3.2.2 Stress for Designated Creep Rate

Testing Stress far Designated Creep Rate
Temperature
Form Temper 0.001% per 1000 h 0.1 % per 1000 h D.1% per 4 000 h
*C | °F
kg/mm? | tonfin? psi kgfmm?® | tonfin? psi kgfmm?* | tonfin® psi
Annealed 149 | 300 =211 =134  |=30000 —_ —_ — —_ — —_
(prain size | 204 | 400 1.2 71 16 000 2t.4% 13.4* | 30 DOD* — — -
0.025 mm) | 260 | 500 1.7 49 | 11000 17.2% 10.9* | 24 500° - - —
Rod b (8
2 mm diam.
01 In. diam. | o vorkeq| 10| %00 | 28 | 6o | srem |sase |23 fastoe0 | — - —
old Worked | 504 | 400 | 180 14 | 25800 | 299 19.0 | 42500 | 32.3° | 205° | 46000°
a% 260 { 500 | 11.7 75 | 16700 | 200 127 | 28500 | 253 161 | 36000
Annoaled
Rod @ & {grain size 316 | 600 — — — 4.2 2.7 & 00D 134 85 19 000
0.030 mm}

&) Alioy containing 0.86% Fe; 0.2¢% Mn.
ik Manganese content: 0.42%.
(") Extrapolatad value.

N.B.: — Original valugs ate printed in bold type; other values are canverted.

— Further data can be obtainad fram the following paper:
W Weavar, V.P. and Imperati, J. Copper and Copper Alloys for Pressure Yessels. Welding Research Council, New York. Bull. No. 73 (1961) Novernber,

5.4. Fatigue Properties

at Room Temperature

Metric Units English Units American Units
Number kg/mm? tonfin® psi
Form Temper of
he P Cycles . : ) . }
% 108 Tensile Fatigua Tensile Fatigue Tensile Fatigue
Strength Strength Strength Strength Sirength Strengih

Strip ®

6 mm Cold Worked 25% 100 — o @5t — ~ G — ~13 500 (2
0.75 in.

—mm L 20 1.4 17 26.5 1" 59 000 24 ({00
o byt Cold Worked @ 100 38 15 9.5 () 53 800 21 005 =

(a} Reversed-bending test.
{d)  Form nod stated in original document.

() Temper not statec in origingl document,

id) Retating-cantilever test.
) Queted as “‘hard" in eriginal dogument, but amount of ¢cald work net defined,

MN.B.: Original values are ptinted in bald type; other values are converted.
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Cu Ni30 Mn1 Fe

Common names:
70/10 Copper-Nickel-lron
70/30 Cupro-nickel
Cupro-nickel, 70/30

A copper-nickel alloy with an alpha phase structure. Small amounts of iron and manganese are
added to improve corrosion resistance in high-velocity (from 1.5 to about 4.5 m/s) waters,
including polluted seawater. The alloy is almost insensitive to stress corrosion. It retains its
strength well at moderately elevated temperatures, has good cold- and hot-working properties
and is readily weldable. The most commonly used wrought forms are plate, sheet, rod and tube.

Composition (weight %)

Ni 29.0-32.0
Fe 0.5-1.5
Mn 04-1.0
Cu rem.

1. Some Typical Uses

Chemical & Marine *

Tubes and tubeplates for heavy-duty condensers, feedwater heaters and evaporators. including
desalination plant.

Mechanical

Fasteners

* Several varieties of this alloy, with higher iron and manganese contents, are used in tube form
under severe conditions of impingement and erosion.
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2. Physical Properties

Metiic Units Engiish Units
21 Density at 20°C 63°F . . . . . . . .| 895g/em? 0.325 ibfin?
2.2 Melting range ® | . R . . . | 11701 240 °C 2 140-2 265 °F
2.3 Coefficient of thermal expansion (Imear) at:
—183 to 10°C —#07 lo H3F . . . . . . . { 0.008 012 par "C 0.000 897 per °F
20t0 300°C B8 to 872 F . . , . . . . 0.0 M6 ., o, oo oos ,, o,
24 Specific heat (thermal capacity) at:
20°G 66 °F . . . . . . . | 0,09 calfg °C 0.09 Btuflb °F
2.9 Thermal conductivity at:
20°C 88°F . . . . . . . . | 0.07 cal emfem2s“C 17 Btu ft/ft* h °F
2.6 Electrical conductivity (volume) al:
—268°C — 452 °F {annealed) . . . . | 3 m{ohm mm? 5% IACS
20°C 68 °F {annealed or cold worked] . . .| 3 " 5.0
00°C | FE( O, T w o) . -3 " 5,
2,7 Electrical resistivity (volume} at;
R : .
_oEgC — 452 °F (annealed) 0.34 oljnm mm?/m 207 ohms (carp mil )
34 micrchm cm 14 microhm in
A : .
20°C 64 °F (annealed or cold worked) gfd ahm mm?/m 207 ohms (circ mil/f)
microhm cm 14 microhm in
- " 0.34 ohm mm3fm 207 ohms {circ milfft)
200°C 32°EL e no) 34  microhm cm 14 micrehm in
2.8 Temperature coefficient of slectrical resistance at:
20°C 58 °F (annealed or cold worked) . . .| 0.000 05 per “C (5% IACS) 0.000 03 per °F (5% IACS)
applicable over range from 0 to 100"°C 32 o 212°F
29 Modulus of elashmty (tensaon} at 20 “C 68 °F
anneal ed . . . . . . .| 15500 kgfmm? 20 000 000 Ibfin?
cold worked . . . . . . .| 14 600 kgfmm? 20 806 000 Ibfin?
2.10 Modulus of rigidity {torsmn) at20~C 68 °F
anneated . ) . . . . : . . . | 5730 kgfmm? § 200 006 bfin®
cold warked ™ . . . . . . . . . .| 5400 kg/mm?2 7 700 000 |bfin?

18} The melting range covers the highest liguidus and lowest solidus temperatures over the compasition range quoted. The values are based on: Hansen, M,
and Anderkg, K. Constitutian of Binary Alloys. 2nd ed. {1358} McGraw-Hill, London, New York; more recent work {Feest, E.A, and Doherty, R.D. The Cu-Ni
Eauilibrium Phase Diagram. J. Inst. Metals, Val. 43 {1971), pp. 102-103) indicates that the solidus tsmperature may be sliohtly higher.

©  Approximately 50% cold work,

M.B.: The values shown in Seclian 2, which have been appropriately rounded in view of the compagitien range involved, are haged an selected Nterature
references.
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3. Fabrication Properties

The information given in this table is for general guidance only, since many factors influence
fabrication techniques. The values shown are approximate only, since those used in practice are
dependent upon form and size of metal, equipment available, techniques adopted and properties
required in the material.

Metric Units English Units
3.1 Casting lemperature range 13251 400 °C 2 415~2 550 °F
3.2 Annealing temperature range 650- 830°C 1 200-1 560 °F
Stress relieving temperature range 300- 400°C 570- 750 °F
3.3 Hot working temperature range 925-1 025°C 1 G951 875 °F
3.4 Hot formability Good
3.5 Cold formability Good
36 Cold reduction between anneals 50% max.
1.7 Machinability: See General Data Sheet No, 2
Machinahility rating (free cutting brass = 100) 20
3.8 Joining methods: . See General Data Sheet No, 3.9

Soldering

Brazing

Oxy-acetylene welding

Carbon-arc welding

Gas-shielded arc welding

Coated metaj-arc welding
Resistance welding: spot and seam

butt

17

Excellent
Excellent
Good
Not recommended
Excellent
Good
Good

Good



4. National Specifications for Manufactured Forms

and ISO Recommendation

Sections
Designation Designation Specification Plate
Country of of Material for Chemical Sheet Rod Wire Tube / Forging:
Standards in Standards  |Composlition® Strip
Shapes
Australia . SAA — —_ — — —_ — — _
Belgium NBN — — — — —_ — — -
HC.7.3
Canada CSA HC.NF301 -— HC.46 — — HC.7.4 — —
NCh .
i NCh 250. of 68 — —— — —_ —_ _
Chile (INDITECNOR) Cu Ni30 Mn1 Fe C o
France . NF Cu Ni30 Mn1 Fe — — — _— A51-102 _ o
. 1785
Germany . DIN Cu Ni30 Fe 17 664 17 670 17672 17 672 17 671 _ —
India 1S —_— — — —_— — _ _ _
Italy UNI Pt-Cu Ni30 Mn 1Fe — - — — 6785 — —
CNP 3
Japan Jis CNTF 3 — H 3251 — - H 3635 — —
CNTF33
Netherlands .[ N or NEN® —_ —_ — — _ _ _ _
South Africa . SABS — — — _ — — — —
Spain UNE — — —_ — — —_ — —
Sweden SIS — — — —_ — —_ — .
10 803
Switzerland VSM Cu Ni30 Fe Mn —_ 10 803 — — 11 557 - -
arg
1541
United — LETO _ _ 1464 _ o
Kingdom BS CN107 9875 2578 (Part1)
287
B 111
B 122 B 359
United B 151 ___ B 395 o _
States(© ASTM No. 715 - Bim | B B 466
B AQ2 B 467
B 543
International
Organization
for 150 Cu Ni30 Mn1 Fe R 429 — — —_ — — —
Standardi-
zation

(a}  Applicable when the chemical composition is not given in the specifications for wrought lorms.
18t Older specifications bear prefin N; for new specifications the NEN prefix is used.
) 1n the United States, bar is covered under the Plate-Sheet-Strip eolumn,
id)  In metricated revision (1968) ; not in imperial units edition [1962).

To identify current standards and designations for 90-10 and 70-30 copper- nickels, link to the
Copper Key (http://www.copper-key.org/index.php?lang=english) or refer to international and
national standards organisations.
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5. Mechanical Properties

5.1 Mechanical Properties at Room Temperature

The values shown represent reasonable approximations for general engineering use, taking
account of variations in composition and manufacturing procedures. For design purposes,
national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the
typical values indicated.

5.1.1 Typical Tensile Properties and Hardness Values - Metric Units

Tensile ;{oo{ Eiongation Hardness Shear Typical Size Related
Form Temper Strength 0 2?/r::fsset gauge Strength to il:::)aerti;zes henfv: =
2 . 1} a, ¥ H 2
kgfmm kg/mm? Y length Brinell | Vickers| kg/imm
Annealed 36 15 42 5.55\""8; 85 89 27 1-20 mm thick
spi?:t Hot Rolled 3g 18 33 | 5.85VS, 90 95 o8 10-50 mm thick
Strip [ Typical Cald Worked . _
Temper 50 43 16 | 565vS, | 140 145 35 1-5 mm thick
Annealed 40 17 40 | 565V'S, 9% 100 30 6-40 mm diarn.
or equivalenl area
Rod® —
Typical Cold Worked . §-05 mm diam.
Temper 56 42 18 565V S, 130 135 35 or equivalent area
Anneaied N 10-30 mm O.D.
{grain gize 0.025 mm) 42 7 42 5.65%' S, % ¥5 a1 1-3 mm wal!
Tube ™
Typical Cold Drawn 50 45 18 5.55\"'55 145 150 5 10-30 mm .0,
Temper 12 mm wall

ta} |t is possible to obtain sizes outside the ranges given in this ¢olurmn, bul infarmation on their mochanica: properties showld be ohtained lrom the metal

manufacturers.
(1} Tubes {or condengers and heat exchangers are generally supplied in the annecaled temper whose representative mechanical properties are shown.

(¢ The mechanical properties will be largely dependent upon the size and cross-sectionel area or comptexity of the product.
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5.1.2 Typical Tensile Properties and Hardness Values - Sl and English

Units

. Proof
g,;f::'l,;‘ Stress Elongation sﬁs:a:h
Form Temper @ 9 8.1% offset Vickers 9 Typical Size Related
P Hardness to Properties Shown &}
hbar | tonfin®| hbar | tonfin? | 2; :f:"’:ﬁ: hbar jtenfin?
Annealed K] 25 15 10 42 15.65Vv 35, 95 29 19 —
Plate Hot Rolled .
As-Manufactured 40 26 17 " 40 | 5.685v' S, 103 i 20 12-50 mm (0.5-2 in.) thick
Annealed 3| 25 | 15| 10 |45 520.”"’“ 95 29 | 19 —
Sheet {2in)
Strip
Hot Rolled 50 mm ) .
As-Manulactured 43 28 20 13 40 {2in) 120 3z 21 3-10 mm (0.125-0.375 in Y thicl
Annealed ;
{arain size 0.025 mm) 42 27 17 " 42 |58V S, 105 kil 20 —
Cold Drawn or
Temper Annealed 50.955 .10 in) 0.D
) . s akd—, MM | £— I U
Tube As-Drawn (hard) 51 33 37 24 25 |5.65v' 5, 150 32 21 2-5 mm {0.08-0.2 in.) wall
Temper Annealed | 43 28 20 13 |40 |565v'S, 120 a2 21
Temper Annealed 49 32 M 22 30 |565v'S, 140 37 24 G50 mm ($.25-2 in.) 0.0,
As-Drawn 56 36 46 30 15 |5.65V'S, 170 39 25 0.5-2 mrm {0.02-0.08 in.} wall
As-Drawn (hard) 66 | 43 | 87 | 37 | 7 |565VS, 190 3| 4

@) The recognised temper designations used in the relevant British Stadards are also given.

) It is possible to ebtain sizes culslde the ranges given in this column, but information on their mechanical propertizs should be gbfained from the matal
manufacturers.

©} Intermediate tube tempers are gonerally oblained by temper annealing. Drawn tubes are usually stress relieved after the final draw. Tubes for condensers
and heat exchangers are mainfy supplied in the tempers whose representative mechanical properties are printed in bold type.

It wlilbe noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typicaltensile properties and hardness values in Metric, 51 and English, and American units respectively

are net directly comparahble, This is becnuse the properties guoted reflect to some extent the metalworking techninues, specification practices, and testing
procedurse in the countries eoneerned, and in view of the different sizes of products rafarrad to in these tables. Individual manufacturcrs of semi-fabricated
produets, can, however, normally mect the requirements of any nationat standard.
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5.1.3 Typical Tensile Properties and Hardness Values - American Units

Yiald . Rockwell
Tensile Strength Flongation Hardness Shear
0.5% Typical Size Related
Form Temper Slre:ig{h extension o s{re:igth to Properties Shown ®
P underload | g | 3248 F B|3T P
h length
psi
As Hot Rolled 55 00Q 20 000 45 | 2in, |— | B | — 41 000 1.0 in. thick
50 000 20 000 35 2in. — — — 37 000 2.4 in. thick
Annealed 55 000 18 000 36 2in. — 40 — 41 000 0.040 in, thick
Flat Products 54 000 B3 000 40 | 2in. — | B | — 40 000 1.0 in. thick
Plate, Shest,
( Setrip)ee Cold Worked
Half Hard 73 000 67 000 4 2in. — | 8| — 51 000 0.040 in. thick
Hard 81 500 6 000 3 2in, — 85 —_ 52 000 "
Extra Hard 86 000 79 000 3 2in — 87 — 52 D00 "
Spring 83 000 80 000 3| 2in. | — | 8| — 48 000 "
Annealed 55 00 20 000 45 2in. - a7 — 41 000 1.0 in, diam.
Rod Cold Worked
Malf Hard 75 000 70 000 15 2 in. —_ 80 —_— 52 000 1.0 in. diam.
Hard 85 000 78 000 15 | 2in. | — | 8 —_ 55 000 .
Annealed
(grain size 0.025 mm) 60 000 25 000 45 2in. | 80 | 45 | — 45000 |10in. O.D. x 0.085in. wall
Tube © {grain size 0.025 mm} 54 000 — 45 2in. 7 36 — 40000 |4.5In. Q.D. % 0.109 In, wall
Cold Worked
Light Orawn 75 D00 63 000 15 2in. —_ 80 — 52000 {1.0in. Q.D. % 0.065 in. wal
Hard Drawn 84 000 — 4 2in. - | — — 55 000 [0.75in. Q.D. x .049 in. wall

@ It is pogsibie to ebtain sizes difterent from those given in this gelumn, byt information on 1heir mechanical prepertles should be obtalned from the metal

manufacturers.
b}

The mechanical properties will be largely dependent upon the size and cross-sectional area or complexity of the praduct.

) Tubes for condensers and heat exchangers are generally supplied in annealed or drawn and stress-relicved tempers.
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*1t will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness
values in Metric, SI, and English, and American units respectively are not directly comparable.
This is because the properties quoted reflect to some extent the metalworking techniques,
specification practices, and testing procedures in the countries concerned, and in view of the
different sizes of products referred to in these tables. Individual manufacturers of semi-
fabricated products, can, however, normally meet the requirements of any national standards.

5.2 Mechanical Properties at Low Temperatures

5.2.1 Tensile Properties — Impact Properties

Testing Tensile Proof . Im"paci ”
Temperature Strength Stress Elongation Strength
Reduc-
Yield tion
Form Temper 0.29% Strength of
&/ g, L}
‘c | *F [|kgymmeltonsin?| pst | offset {37  xt. % gauge A;‘,’“ kg mjcm?| it tb
kg/mm2 unde ng 4
load
psi

20 68| 6 41.5 a2 500 — 56 900 (0 12 16 mm — — —_

0 32| 65 415 | 92500 | — 61 200 13 | 16 mm — — —

Rod 100 |- 148 | TO 44.5 99 500 — 76 8002 7 16 mm —_ —_ —_

12 mm diam. Cold Worked —196 | —321 | 80 51 114 000 —_— 99 600 @ [24 | 16 mm — —_ —

0.47 in. diam. —224 |—371 | 83 52.5 |118 000 -~ D7 000 |22 | 16 mm _ — —

—P47 | —413 | B0 57 128 000 _ 114 000 ) (20 16 mm —_ —_ —_

—269 | —452 | 95 60.5 |135 00O — 2100018 |16 mm —_ — _—
221 72| 405 |26 |57Te00| — | 18700 |47 |asevs,| 68 [ 199%™ |15®
Rag @ @ — 78 |—108 | 48 30.5 | 68 000 — 22200 |48 [4.52v'S.| 70 19,7 [114 (&)
19 mm diam. Annealed -167 | 323 | 63 40 89 300 — 31 600 |52 4.52\/59 i 16,70 9142
0.75 in. diam. —253 . 423 | T2.5 46 103 100 — /1w |5 4.52\/_8_9 [} 19.7 6 11140}

—269 |-452 | 735 | 465 |104 600 — 40100 |48 [452v'S, | &5 — —

24 75 | 38 245 | 54 400 | 15.1 @ — 52 2in. 80.5 — —

Rod @ # — 30 |— 2| # 26 58 600 | 15.5 % — 45 2in. 79 — —

mm diam. Annealed — 78 |—108 ;| 45 28.5 64 3007 16.9'¢ —_ 56 2in, 77.5 — —

0.875 in. diam. —140 | —220 | 50.5 2 71 800 19.3 19 — 515| 2in. 7.5 — —

—196 | —320 | 59 kYR 83700} 1.7 @ — B1.5; 2in, 7.5 — _—

{8} This value was ariginally reported in kg/mm?; in this table it is given in psi to 3 significant figures.
(8 Charpy test; 10 x 10 x 55 mm specimen; 43° V notch 2 mm deep; cross-sectional area at the notch 0.8 cm®.
(2> This value was originally reporied in psi; in this table it is given in kg/mm?® to 3 signiticant figures.
(¢} Tensglle specimen 6.35 mm {0.25 in.} diam.
N.B.: — Original values are printed in bold type; othar values are convertad.
— All converted values for impact strength are to be taken as indicative only; the impact energy has been converted from £ Ib into kg micm? taking into
account the actual cross-sectional area of the apecimen at the notch,
— Data nct available: Proof atress, 0.1% offsat.
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5.3 Mechanical Properties at Elevated Temperature

5.3.1 Short-Time Tensile Properties

Testing Tensile

Temperature Strength Proof Stress Elangation
Yield
Form Tempzr 0.2% | 0.1% | Strength auge
°C °F |kgfmm2ltonfin?| psi | oftset |affset | 5% ext. | % fe““ﬂh
kgfmm? [tonfin? lunder load q
psi
20 68 | 375 | 23.8 | 535001 124 | 714 — 50 2 in.
66 150 | 35.5 227 | 51000 1249 75 — 49 2in.
121 250 | 335 21.4 | 48 00D | 115 BT —_ 48 2in.
177 380 | 325 20.5 | 45000 | 10.4© 63 — 48 2in.
Plate © Hot Ralied 232 { 450 | A 15.7 | 44000 | 106 | 62 — la | 2in
288 550 | 30 49.0 | 42500 [ 10.2%™ [ 6.0 — 55 2in.
343 650 | 20 185 | 41500 | 220 52 — 54 2in.
an 700 | 29 183 | 41000 | 9.45@( 58 — 63 2in.
0 68 | 38 24 | 54000 | 135 — — — —
100 212 | 38 24 | 54000 | 135 — — — —
Plate © Hot Worked 200 392 | 355 | 225 |s50500 |12 _ — — —
300 572 | 33 24 47000 | 115 — — - —
400 752 30 19 4250 | 10 _— — — —_
20 68 | 405 | 258 58000 — 7.9 — a4 2 in.
Step @ 100 212 | 375 | 238 |s3500 | — 1.5 — 40 2in
» m"m Annsgled 200 a2 | %5 | 218 49000 | — 6.6 — a7 2in
0081 300 572 | 325 | 205 [46000 ] — 6.1 — 34 2in
BB in. 400 752 | 305 | 194 [4a3s00 | — 5.8 — 31 2in.
500 932 | 26 6.4 |36500 | — 5.4 — 20 2in,
20 88 | 44 o8 |62500 [16 — — a [1a3vs,
100 212 | M 26 |58500 {11 . — 3% [ 113Vs,
200 aoz | 38 24 | 54000 |41 — — 3 | 1avs,
Rad @ 300 572 | 35 22 50 000 |11 - — 2 | 13vs,
14 mm diam. Annealed 390 734 | 335 | 215 |47500 |1 — — 29 |113VE,
0.55 in. diam. 500 | s | 28 |18 40000 M — - 2 | 1.3VS,
600 | 1112 19 12 27000 | 9 - — 1% |11.3V5,
700 [ 1202 [ 1 7 15500 | 8 — - 6 |413V5E,
790 | 1454 | 65 4 9000 | 5.5 - - 3 |n1avs,
24 75 | 525 | 335 ¢ M500 5080 | — — 19 2in.
149 300 | 48 30.5 | 68600 (457 — — 17 2in.
3M 700 | 405 | 255 | 57600 3000 | — — 13 2 in.
ColdWaorked 259 482 o0 | 305 195 | 43600 (2740 _— — "5 2in.
643 {1200 | 12 75 | 16900 | 6.82% | — — 26 2 in,
816 | 1500 | & 3 7200 | 2889 | — — 16 2 in.
Rod @ ox7 | 1700 3 2 4110 | 18 ® | — — 2 2in.
22 mm diam. 24 75 | 67 425 | 05200 |65.000 | — — 16 2 in,
0.875 in. diam. 149 300 | 615 |39 |87500 (5.8 | — — 1% 2 in.
an 700 | 515 |23 |73600 |BO.OIMY | — — 1t 2 in.
Cold Worked 70% 482 00 | 40 255 | 56900 | 370 ™ —_ — 14 2in,
649 | 1200 | 12 75 (16900 | 6890 | — — 29 2in.
B16 1500 5 3 6 990 2.60 ™ —_ — 19 2in.
97 11700 | 25 15 | 3680 [ 142 | — — 225 | 2in,
26 82 | 45 285 |64100 | — — 32000 (345 2in
Rod @ @ 260 500 | 375 |24 [53300 | — - 26300 (35| 2in.
25 mm diam Annealed 343 650 | 345 |22 [40200 | — — 25000 (270 | 2in
1.0im. diam. 427 800 | 33 21 w00 | — — 22500 256 | 2in.
S in. diam. 510 950 | 26 165 (37250 | — — 21500 (182 2in.
583 [1100 [ 185 |12 26550 | — — 20000 123 | 2in.
20 65 | 415 | 265 [59500 [13.7® | 8.6 - 55 | avs,
Rad Anncaled 250 | 482 | 35 | 222 49500 (10.0) | 6.8 - a5 | 4vs,
27 mm diam. {grain size 350 662 | 24 2.6 [48500 {104 | BS — 39 'S,
1.1in. diam. 0.025-0.035 mm) 450 B42 | 315 | 200 |45000 {1079 | 6.6 — 42 w's,
550 | 1022 | 265 |16.7 [37500 [11.8¢ | 68 — 33 4v'S,
20 68 | 43 275 61000 |16 - - 38 11.3\/@
100 212 | 39 26 |56500 |14.5 — - 35 [11.3VE,
Condenger () Annealed 200 302 | 36 23 | 5000 135 - - 3 |13,
Tube nneate 300 | 572 | 345 |22 |40000 [120 - — | [navs,
400 752 | 33 bl 47000 (11.0 - — 30 |11.3Vs,
500 932 | 24 15 34000 (10 — — 25 |11.avs,
B0 | 1112 | 17 1 24000 | 8 — — 25 [113VS,

M This value was ariginally reported in tonfin®; in this table it 18 given in kg/mm?® to 3 slgnificant figures.
(B} This value waa criginally reparted in psi; in this table it is given in kgimm? to 3 significant figures.
) Alloy contalning 0.40% Mn.
#.8.: — Original values are prinled in bold type: other values are converted.
— Further data can be obtained from the following papers:
B Simmons, W.F., Sirois, B.J.; Williams, D.N. & Jafles, R.I. Properties of 70-30 Coppar-Nicke! Alloy at Temperatures Ranging up to 1050°F. Proc. ASTN
Yol. 59 (1853), pp. 1035-1051, (data far cold drawn and stress relieved rod; alloy containing 0.35% Mn),
m Reference 3,
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5.3.2 Creep Properties

5.3.2.1 Original Creep Data

Tesiing - |
Farm Tempsr Temperature Stress D ur:tion EXT: r:sailo " Inte ;:ept C“:e':::m;::e
ta
“C F kgfmm? ! fonfin? psi % ¢ % per 1000 h
3.2 2.0 4 350 2 600 0.033 0.0 =2 0.000 1
10.6 6.7 15 100 2 Gan o169 0.022 < 0.000 1
149 300 14.0 8.g 19 300 4 400 0.984 0.022 0.000 4
20.0 12.7 23 450 5 200 3.230 0.025 oMo
23.0 14.6 32 100 3 T00 4,532 0.030 0,000 &
Annealed 204 400 3.5 2.2 4 980 2 a0 0.026 0.004 <2 0.000 1
(grain size 0.020 mm) 11.2 71 15 950 4100 0.167 0.006 < 0.000 2
35 28 4 980 2780 0.031 001 < 0.004 1
7.2 4.6 10 250 5 000 9.075 0.012 < §.000 5
260 500 11.0 7.0 15 650 5 000 0.310 0.015 0.000 &
Rod 02} (@ 14.9 9.4 21 150 5 000 1.498 0.030 0.003 7
3 mm diam. 18.6 11.8 26 500 5 100 2.775 0.028 0.005 3
4.125 in. diam, 21.5 13.7 30 650 5100 4.6 0.048 0.008 4
14,0 g.9 19 900 3 600 103 0.018 < 10,000 1
149 200 24.5 15.6 34 800 3 100 0.174 0.016 «20.000 1
34.9 221 49 600 5 150 0.259 0.024 0.000 5
i 421 26.8 59 950 4 650 0.345 0.036 0.000 &
Cold Worked 84%; 3.5 2.2 4 960 2 760 0.036 0.012 0.000 7
71 4.5 10 100 4 580 0.074 0.024 00011
260 500 14.6 9.3 20 800 4 300 0.124 0.023 oM e
28.7 18.2 A BOU 4 800 0.243 0.049 0002 4
34.6 21.9 49 150 5 100 0.322 0.066 0.003 0
421 26.7 59 850 5 750 0.6548 0.267 0.012
28.1 17.8 | 40 000 500 0.255 — 0.015 ()
316 &00 5.1 223 | 50000 500 0.426 — 0.02 (v
8.6 245 | 55000 500 0.940 — 0.08
126 80 | 18000 | 2500 0.219 — 0.015
17.6 1.1 25 000 2 500 0.319 = — 0.032
209 50 21.1 13.4 30 000 1 500 0.359 = — 0.055
24.6 18.6 35 000 1 000 0.490 = R 017
28.1 17.8 40 0D 1000 0.818 — 040
316 20.1 45 000 1 500 3.25 —_ 1.0
Rod (02 Coid Worked
19 mm diam. and 438 a1 7 000 2 500 0142 — 0.8
0.73 in. diam. Stress relieved 454 850 9.8 6.2 14 000 1 500 1.339 —_ 0.072
17.6 1.1 25 000 1 J00 0.993 - 0.6
21,1 13.4 30 000 1 5060 .80 — 2.2
1.4 0.89 2000 1 50¢ 0.096 — 0.032
510 a50 4.2 2.7 5 000 1 D00 0.292 —_ 0.18
12.6 8.0 1% 000 1500 11.2 — 34
1.0 0.67 1 500 500 0.185 — 0.3
568 | 1050 7.3 44 | 10000 500 7.20 — 7
30 19 42 670 2370 13.16 13.16 o
149 300 32.3 20.5 45 000 2182 19,84 10.84 0
Rod 14 (e Annealad 33 1 47 000 2 340 20.42 20.42 [
482 900 13 8.2 18 670 2752 49.0 2.3 8.5 &
N 700 30 19 42 670 B 490 3 0.27 0.33 (7
1.2 71 | t6oom | 14044 | 46 0.32 0.39 v
Rod 19 (e Colgd Waorked 407%; 482 800 15 05 21 330 4 "'ui 2 045 15 0
649 1 200 1 0.64 1 450 5 002 | 28.5 040 2.65 7

(2} Totat Extension — Initial Extension + Tatal creep = Initial extension + intercept + (Minimurm Creep Rate x Duration),

g

Fe content §.03 %;.

(=) Extrapolated value.

d) Lowest creep rate within duration of test
%) Creep specimen 0,505 in, diam.
(F  Average second-stage creep rate.

N.B.: — Qriginal values are printed in bold type; other values are convertad.
— Further data can ba obtained fram refs. (14 and 15,
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5.3.2.2 Stress for Designated Creep Rate

Testing Stress for Designated (-:-feep Rate
Temper-
Form Temper ature | o 000 4% per 1000 h| 0.001% per 1000 h 0.01% per1 000 h 0.1% per 1 000 h
2| °F [|kgimmAtonfin? psi |kg/mm3ftonfin?| psi | ka/mm3ton/in?] psi kgfmm2onfin3| psi
Annealed 0l a0nl _ f — | — | 163 [107 [4000| 208 [158 (35000 ~ [ — | —
Rod @02 | (gransize  paen) gl f | |12 | 71 pee0s| 214@ 124 300000 — | — | —
0.020 mm})
3 mm diam.
0.125% in. diam.
Cold Worked
847, 260 | 500 — — 56 | 36 |8000] — — — — —_ _
NE| 600 — —_ — —_ — — 33.7 214 48 000 @ — _ —_
Rod 9 Cold Warked [371| 700 — - = | = -— — 1188 [118 |26500 | — — —_
19 mm diam. and 399 | 750 — — | = | = — — | 10s 67 |15000 | — — —
0.75 in. diam. | Stress relieved |[454 | 850 — _ — — —_ — 3.5 2.2 5 000 — — —
510 50| — — | =] - — — 0.56 | 0.36 s00 | — — —
Rod 0 Annealed aso | eez| — — =] = — — | 252 |16.0 |35800 |14.2 9.0 20200
27 mm diam, {grain sizec {450 B42| — S N — — | 102 65 | 14600 | 5.7 36 £ 100
1.1in. diam_ | 0.095-0.035 mm) |550 |1 c22] — - | =1 = — — 1.6 1.0 2200 ; 0470 (03 | 670
Annealed [399 ] 750| 63 | 40 |sooe| — - | = - - — | — - | =
Rod (16) -
Cold Worked © 1399 | 750 — _ = | - - - 6.4 41 | 9100 — — —

{a} Exirapolated value.

{b} Fe content 0.03%.
19 Tensile strength of material at 85°F {29°C} quoted as 64 700 psi in original decument but amount of cold wark not defined.

N.B.: Criginal values printed in bold type; other values are converied.
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5.4. Fatigue Properties

5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kgfrmm? tanfin® psi
of
Form Temper Cycles
x 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strangth Strength Strangth Strength Strength Strength
Piate (™ Annealed 100 ~A41 ~14 {8 ~26 ~ g ~58 DO ~20 00
Rod "%
14 mm diam. | Cold Drawn 31% 100 57.5 24.5 ®) 36.5 155 ™ 81 700 34 500
0.56 in. diam.
Rod "%
20 mm diam. Cold Workad 50 55 20 @ 3h 1254 8 500 28 500 @
.4 in. diam.
Rod @ Annealed &) 385 15.5 245 i0 55 000 22 000
25 mm diam.
1in. diam. | Cold Drawn 50% (e) &0 22.5 38 14.5 45 000 32 000
Tubgp 9
280 mm 1.D.,
10 mm wall Annealed 100 41 14,5 26.1 92 a8 500 20 500 ¢
11in. L.D.,
0.375 in. wall
Soft 100 35 15 29 95 B0 00 21 800
Tube 20 Cold Worked
and 100 45 18 & 28.5 i1.5@ 64 000 25 500 &
Stress Relieved

(a}
{b}
(e}
(dy
{e)

Rotating-cantilever test.

Retating-beam test.

Direct-stress test.

Bending fatigue test.

Number of cycles not stated in original document.

N.B.: — Criginal values are printed in bold type} other values are converted.

— Further data can be cbtained frem the following papers:

B Tewes, W.A. and Gross, M.R, Investigation of the Low-Cycle Fatigue Behavior of Non-Ferrous Metals for Heat Exchangers and Salt-Water Piping, U.5,
Nevel EES Rept. 310 196A (1962),

B Czyryca, E.l. and Gross, M.R. Low-Cycle Fatigue of Non-Ferrous Alloys for Heat Exchangers and Salt-Water Piping. U.S. Navy MEL Rept. 26/66 {1966),

H Gro3s, M.R. Low-Cycle Fatigue of Materials for Submarine Construction. U.S. Naval €ES Rept. $1-1970 (1963); also paper 6908 at SAE-ASNE Nauonal
Agro-Nautical Meeting, Washington, 8-11 April, 1963,

# Gibhonsg, W.5. Strain-Cycle Fatigue of 70-30 Copper-Nickel. Trars. ASME, Ser. D, Vol. 58 {(1966), No. 2, pp. 552-554.

B Blomfield, J.A. and Jacksen, P.B.M, Fatiguc Tests on Some Cupro-Nickel Pipe Bends and a Comparisan of Same Failure Prediction Methods. First Int.
Conf. Pressure Yessels Technology, Part 2: Materials and Fabrication. ASME {1369), pp. 1221-1231,

B Gross, M.R. and Czyryca, E.J. Correlation Batwaen Flaxural and Direct-stress Low-Cycle Fatigue Tests. Naval Ship Research and Development Cenler,
Annapclis, Maryland, U.5.A, Rept. No. 2460 (1967} (A D G56T46).

W Gross, M.R. and Schwah, R.C. Fatigue Properties of Non-Ferrous Alloys for Heat Exchangers, Pumps and Piping. LS. Navy Marine Engng. Lah.,
Annapolis, Md. R and D Rept. No. 232/66 (1966) (AD 633771); also J. Engng. for Power (1967), July, pp, 345-352.
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