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Name Std Grade UNS Also known as
Cast Iron Various

Bronze B62 C83600 Gunmetal, valve bronze, leaded bronze
NiAIBrnze B148 C95800 NAB

Ni-Cu alloy A494  M35-1 N24135 Monel ®
Carbon Steel A216 WCB J03002

Stainless St. A351 CF8M J92600 316

6Mo A351 CK3MCuN J93254

Duplex AB90 4A/CD3MN J92205

Super Duplex A744 1A /CD4MCu J93370

Ni Alloy 625 A494  CWBMC N26625 Inconel ® 625
Ni Alloy C22 Ad494 CX2MW N26022 Hastelloy ® C22
TiC2 B367 C-2 R50400

TiC3 B367 C-3 R50550

1. Duplex Stainless Steel
2. Nickel Aluminum Bronze (Ni.Al.Bz.)
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Grade 1B 2A 3A 4A 5AA B6AA

Type 25Cr-5Ni-M0-Cu-N 24Cr-10Ni-Mo-N 25Cr-5Ni-Mo-N 22Cr-5Ni-Mo-N 25Cr-7Ni-Mo-N 25Cr-7Ni-Mo-N
UNS J93372 J93345 J93371 J92205 J93404 J93380

ACI CD4MCuN CE8MN CD6MN CD3MN CE3MN CD3MWCuN
Composition:

Carbon, max 0.040 0.080 0.060 0.030 0.030 0.030
Manganese, max 1.00 1.00 1.00 1.50 1.50 1.00

Silicon, max 1.00 1.50 1.00 1.00 1.00 1.00
Phosphorus, max 0.040 0.040 0.040 0.040 0.040 0.030

Sulfur, max 0.040 0.040 0.040 0.020 0.040 0.025
Chromium 245-26.5 22.5-25.5 24.0-27.0 21.0-23.5 24.0-26.0 24.0-26.0
Nickel 4.7-6.0 8.0-11.0 4.0-6.0 4.5-6.5 6.0-8.0 6.5-8.5
Molybdenum 1.70-2.30 3.0-4.5 1.75-2.50 2.5-3.5 4.0-5.0 3.0-4.0
Copper 27-33 L. A 1.00, max - 0.50-1.00
Tungsten A - L L S 0.50-1.00
Nitrogen 0.10-0.25 0.10-0.30 0.15-0.25 0.10-0.30 0.10-0.30 0.20-0.30

A% Cr+3.3% Mo + 16 % N = 40.

Grade 1B 2A 3A 4A 5A BA
Type 25Cr-5Ni-Mo-Cu-N 24Cr-10Ni-Mo-N 25Cr-5Ni-Mo-N 22Cr-5Ni-Mo-N 25Cr-7Ni-Mo-N 25Cr-7Ni-Mo-N
Tensile strength, ksi [MPa], min 100 [690] 95 [655] 95 [655] 90 [620] 100 [690] 100 [690]
Yield strength (0.2 % offset), ksi [MPa], 70 [485] 65 [450] 65 [450] 60 [415] 75 [515] 65 [450]

min
Elongation in 2 in. [50 mm], %, min* 16 25 25 25 18 25

A When ICI test bars are used in tensile testing as provided for in this specification, the gage length to reduced section diameter ratio shall be 4:1.

:Duplex ;W1 s S5

GSrile gl basgio <o LB @ &5 ) @lp osllae oL @
e k> ol Jlasl e S lp e o LB @
oy e (S sllcolia @ O slesales )5 Logas)
il 9Yg8 4 S oS (5l 4S8z @ S35 4 Vb Caglia @

S Kl azy5 -Ae B ol glos Jos @ YU Sl oSzl @




ST ol 355 e iuyi UNS NO. C95800 a5 L 5T ol slow 5 51 o ASTM B148 s ik ull
51l it ) sl 0 45 gl 5 Lo fagas (sl 45 Lz 095 458, oLttl 5y —pgeiaasl] b g 5o b gisli

Giwt 08 SS90 b sl 5 paaiesdl US55 5 ponieedtl Lol S ls (g0b) sl Cond g T o Sy @l g e
(e YNVY L) 50l (6,5 au,

Geb « ASTM B148 & sl ulusl 2 35 poriangll (Sisu; Jbyie slony 5 el (Sl Lolss 5 olord oS 5
Caws] 4..3; )l)ﬁ )R Sye0 C95800 o)l.a..i': la )L..ﬂ a=\45.<y..> 0‘9.».9 Le L?L..t‘ B :éé)f & c\jl)‘ ) Jg‘d}

Nominal Composition, %

Copper Alloy Old Desig- Commercial
UNS No. nation Designation Copper Nickel Iron Aluminum Silicon Manganese
C95200 9A Grade A 88.0 5 30 9.0
C95300”" 9B Grade B 89.0 A 1.0 10.0
C95400" 9C Grade C 850 - 40 1.0
C95410” e s 840 20 40 10.0
C95500° aD Grade D 810 40 40 10
C95520" 3 756 785 55 50 1.0 i
C95600 9E Grade E 91.0 . M 70 20 —_
C95700 9F Grade F 75.0 20 30 80 e 12.0
C95800 s e 813 45 40 90 e 1.2
C95820 790 52 45 95 10
C95900 - A 875 A 45 13.0 . ..
A These grades respond to heat treatment.
Silicon Ma,’\]‘t":'("‘*‘e' Nickel Alumi
Classification Aluminum Bronze Nickel Aluminum Bronze  Aluminum Al Aluminum g
Aluminum Bronze
Bronze B Bronze
ronze
Copper Alloy C95200 C95300 C95400 C95410 C95500 C95520” C95600 C95700 C95800 C95820° C95900
UNS No.
Composition, %
Copper 86.0 min 86.0 min 83.0 min 83.0 min 78.0 min 74.5 min 88.0 min /1.0 min 79.0 min /7.5 min remainder
Aluminum 8595 9.0-11.0 10.0-115 10.0-115 100115 105-115 6.0-80 70-85 85-95 9.0-10.0 12.0-135
Iron 2540 0815 30-50 3050 30-50 40-55 2040 35-45¢ 40-50 30-50
Manganese e 7o 0.50 max 0.50 max 3.5 max 1.5 max o 1.0-140 08-15 1.5 max 1.5 max
Nickel (incl o o~ 1.5 max 15-25 3.0-55 4260 0.25 max 15-3.0 4.0-5.0° 4558 0.5 max
cobalt)
Silicon aots el Fas S el 0.15max 1.8-32 0.10 max 0.10 max 0.10 max
Lead o - . . ,, 0.03 max . 0.03 max 003 max 0.02 max

A Chromium shall be 0.05 max, cobalt 0.20 max, tin 0.25 max, and zinc 0.30 max.
8 Zinc shall be 0.2 max and tin 0. 02 max
€ Iron content shall not exceed the nickel content.




Manganese-

Aluminum Bronze Nickel Aluminum Bronze - . 3 Nickel _
Classification Silicon Aluminum Nlc?(el i Aluminum
Bronze Aluminum Bronze
As-Cast As-Cast B Bronze
ronze
C95400 and =
Copper Alloy UNS No. C95200 C95300 C95410 C95500 C95820 C95600 C95700 C95800" C95900
Tensile strength, min, 65 65 75 90 94 60 g0 85
ksi€ (MPa®) (450) (450) (515) (620) (650) (415) (620) (585)
Yield strength,£ min, 25 25 30 40 39° 28 40 35!
ksi® (MPa®) (170) (170) (205) (275) (270)° (195) (275) (240)
Elongation in 2 in. 20 20 12 6 13 10 20 15
(50.8 mm), %
Brinell hardness No.® 110 110 150 190
(3000-kg load)
Heat-Treated
C95400 and H
Copper Alloy UNS No. C95300 C95410 C85500 C956520
Tensile strength, min, .. 80 90 110 125
ksi€ (MPa)” s (550) (620) (760) (862)
Yield strength,€ min, A 40 45 60 95°
ksi® (MPa)”? (275) (310) (415) (655)7
Elongation in 2 in. - 12 6 5 2
(50.8 min), %
Brinell hardness No.® . 160 190 200 255’ 241 min

(300-kg load)

A As cast or temper annealed.

5 Normally supplied annealed between 1100 and 1300°F for 4 h followed by air cooling.

© ksi = 1000 psi.
“ See Appendix X1.

£ Yield strength shall be determined as the stress producing an elongation under load of 0.5 %, that is, 0.01 in. (0.254 mm)in a e length of 2 in. (50.8 mm).
gt p g g gag g

FYield strength at 0.2 % offset, min, ksi® (MPa)®.
S For information only.

H Copper Alloy UNS No. C95520 is used in the heat-treated condition only.
! Sand castings and sand cast test specimens shall be 25 HRC or equivalent minimum.
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(G Parts Equivalents Parts per million
per million per million per unit Chlorinity
Chlaride, (Cl - ) 18 880.0 536 3 298.90
Sulfate, (S04% ) 2b459.0 551 139.40
Bicarbonate, (HCOs ) 139.7 23 7.35
Bromine, (Br-) 64 6 08 3.40
Fluoride, (F - ) 1.3 0.1 0oy
Boric acid, (H:B0; ) 260 T 1.37
Total 5936
Sodium, (Na* ) 10 556.1 159.0 55560
Magnesium, [!.‘Ig"2 ) 1.272.0 1046 BB 95
Calcium, (Ca*2 ) 4001 20,0 21,06
Potassium, (K*2 ) 3800 97 20000
Strontiurm, (Sr*2 ) 13.3 0.3 0.70
Total . _ _2593.5
*H.L. Sverdrup, MWW Johnsoh, and B.H. Fleming, The Oceahs, Prentice-Hall, Inc.,
Meww York, 1942, J. Lyman and R.H. Fleming, J. Marine Research, 3, 134-146, 1340,
T 0000 is uzed to denote grams per kilngram or parts per thousand.

T Undissociated at usual pH

Biological marine life

Nickel Development Institute
General Corrosion

Localized Corrosion

1.
2.
3.
4t
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Salinity and Chlorinity

Electrical Conductivity and Total Dissolved Solids (TDS)
Oxygen and other Dissolved Gases { Ho5, C0O2)

pH

Temperature

Biological Activity (Microbes & Bio-fouling)

Pollutants & Turbidity (Suspended solids | Silt and Sediments)
Scale Deposits and Hardness

“elocity and Fluid Flow Rate

Intermittent or continuous duty — Stagnant Conditions?
Chlorination Practices
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Stagnant Sea Water
Polluted Sea Water

Ammonia

Sulfide Compounds

. Sulfate Reducing Bacteria, SRB
0. Bio-fouling

2O ®NO !
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11. Pitting Corrosion
12. Stress Corrosion Cracking
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13. Crevice Corrosion
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14. Galvanic Corrosion

15. Wear Corrosion

16. Cavitation Corrosion
17. Impingement Corrosion
18. Fouling Corrosion
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Arbitrary scale, | Polluted Corrosion Fouling Galvanic Wear &
higheris better | Seawater Fatigue  Resistance Gall
Bronze : ¥ 10 5 10
Ni- Al-Bronze 4 g g B 10
Ni-Cu Alloy ? ? 4 8 5
Carbon 5 ; - 1 g
Stainless 4 B 1 47 B
6Mo g B 1 9 5
w— Duplex 5 9 1 5 4
Super-Duplex g g 1 10 3
Ni Alloy 625 . 12 1 10 3
Ni Alloy C22 = - 1 10 3
Titanium 2 - 1 9 2
Arbitrany scale, General ﬁitting Crevice Erosion Erosion Stress
higher is better | Corrosion  Corrosion Corrosion Corrosion Cavitation Corrosion
Bronze 8 9 g 7 ] =
Ni-Al-Bronze g 10 8 g8 3 10
Ni-Cu Alloy 10 g 2 10 a ?
Carbon 3 3 = - 2 -
Stainless 10 4 3 10 7 8
6%Mo 10 9 8 10 a3 a8
—_— Duplex 10 5 4 10 g <]
Super- Duplex 10 9 8 10 a3 9
Ni Alloy 625 10 13 12 A 13 :
Ni Alloy C22 10 14 = 10
Titanium 10 15 10 <)

19. Olffield and Masters
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