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5.1.2 Table II list metals in the order of their relative activity in sea water environment.
The list begins with the more active (anodic) metal and procedes down to the least active
(cathodic) metal of the galvanic series. A “galvanic series” applies to a particular

electrolyte solunon hence for each soec1ﬁc solution whlch 1S exnected to be encountered
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having minimal tendency to interact gaivanicalily, or wiil indicate the need or degree of
protection to be applied to lessen the expected potential interactions. Generally, the
closer one metal is to another in the series, the more compatible they will be, i.e., the
galvanic effects will be minimal; conversely, the farther one metal is from another, the
greater will be the effect. In a galvanic couple, the metal higher in the series represents

the anode, and will corrode preferentially in the environment.

5.1.3 Metals widely separated in the gaivanic series must be protected if they are to be
joined. Appropriate measures should be taken to avoid contact. This can be
accomplished by applying to the cathodic member a sacrificial metal coating having a
potential similar to or near that of the anodic member; by sealing to insure that the faying

surfaces are water-tight; by painting or coating all surfaces to increase the resistance of

5.1.4 A small anodic area relative to the cathodic area should be avoided. The same
metal or more noble (cathodic) metals should be utilized for small fasteners, and bolts.
The larger is the relative anode area, the lower the galvanic current density on the anode,
the lesser the attack. The galvanic corrosion effect may be considered as inverse to the

anode-cathode area ratio
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5.1.5 Metals exposed to sea water environments shaii be corrosion and
stress—corrosion resistant or shall be processed to resist corrosion and stress—corrosion.
Irrespective of the metals involved, all exposed edges should be sealed with a suitable
sealant material conforming to MIL-S-8802. When non-compatible materials are
joined, an interposing material compatible with each shall be used.
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to metals, should be considered as metallic matenals, unless there is supporting evidence
to the contrary. If these materials are essentially free of corrosive agents (salts), free of
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~~_ 20d METAL Table 1. Guide to use of joined structural metals and alloys, and protective systems for service
/oﬁ_m;r ALLOY in sea water, marine atmosphere, and industrial atmosphere.
N~ -
15t METAL OR A\\ ~e—————ACTIVE (ANODIC) NOBLE (LESS ACTIVE-CATHODIC)————
.ﬁ. ’
METAL ALLOY ~./A 8 ¢ b E F G H I _J K L M N O P O R _ s T
MAGNESIUM 1 __Nd_mi_ag__a__m:m__m.__.\.:m4_@:@:@__@__m_d_odgodiddmd_wb
IR P I R R R R R R A A E A A I R R B A A A AN Y
ZING, , 2 mﬁ;m m_am_bm_mm_m m_mm_.\ m_mm_wN_wm_wm_wm_m_m_om_,om_:m__mm_;w
ZINC COATING Gichclclclic'clir e et e g et ape e et gt et et et e
CADMIUM 3 m_am__a.u_u w,m u_mw_w u_mw_wm__w w_o u_wu_m_u_w o__o hw_:w_imw_dun
BERYLLIUM Glc'clctel v e et bt et e b et ap et et e et b
ALUMINUM 4 A—OA.u_mu_m.a_.wa_w a_m A_wa_w a_w A_m n—_m.a_ws_._o.a_:a_im a__wo
ALUMINUM-Mg,  ALUMINUM-ZNn Glec i e e et et et et et et et ettt
ALUMINUM-COPPER 4 a_ma_m a__wfw a_m A_wu_wa_w A_o k__m.a_oa_;o _a_:a__m b_Gm
I IR I N N R I I R I R I I R R N R N
STEELS - _ 5 m_m m__wm.w m_m w_w m,_wm_o m_wm_mvm_w m_do m_:m_‘_m w:um
CARBON, LOW ALLOY Glir'cl i ey ettt tartb ettt
LEAD 6 AwOm. m_.\. m_m m_,w m_o m_w w_wm_m_ m_w o,__o m_j @_S m_AuO
Glictclc'clc' clec'elec'!clthapitefti'cliicpircic’'cpr’'cyi’c
TIN, TIN-LEAD, 6 m_w m_m m_,w m._m m_w m_wm_m_ mOw m_do _wOZ a_dm m_de
INDIUM . Gli1'i1l1'cli'clcicle'clciclc'clcclc'ciccit |}
INFORMATION ON THIS CHART IS -
ST. STEELS - PRESENTED FOR EQUAL EXPOSED AREAS 7 7 8/7.9]7,9/7,9[7,97,97,97,1017,11 V_S w_& |
MARTENSITIC, FERRITIC OF m>mz METAL COMPRISING THE Gl _*O | ! 1 ! | __” C __ 1o ! 11 ! | __ | __ (R
COUPLE.
CHROMIUM, MOLYBDENUM, o METALZ 8 |8.98,9/8, 98 9[8,9[8, 9810811812813
TUNGSTEN MeTAL 1-#T ® o fat— SEA WATER G| cCclclclilc) i i|c'clc'clc'c|cic|c'c]cc
ST. STEELS-AUST., PH, SUPER | maRINE —T® @ fa _ INDUSTRIAL 9 9 9/9 9/9 9/9 99 9/9 109,11 912 m_a K
STRENGTH, HEAT RESISTANT ATMOSPHERE ATMOSPHERE ali'ihi" it ile'elelelc'ele'e cle! e
BRASS-LEAD NUMERICAL NOTATIONS REFER TO SURFACE g g 9{9 9{9 9[9 9{9 10 9,11 9,12{9 13| L
NZE TREATING AND FINISHING SYSTEMS, LISTED IN ~ ] | |22 ] 1| 21 I
BRONZE APPENDIX A FOR EACH METAL GROUP, FOR Gjc'cic'cllcicclicicclccicc
- AMELIORATING CORROSION OF JOINED METALS. THE
BRASS-LOW COPPER 9 9 919 ,9/9,9{910]9119,12]9,13(M
S AW & SYSTEMS ARE ARRANGED IN APPENDIX A IN I .
BRONZE-LOW COPPER DECREASING ORDER OF EFFECTIVENESS. AN Glc'clc'clc'cl tlc|c'cfi'c|i'c
- OPTIMUM SYSTEM IS PRESENTED IN EACH CASE, FOR
BRASS-HIGH COPPER USE WITH JOINED SIMILAR OR DIFFERENT METALS 9 19,9/9,9/9,10/9 119 12| 8 13 N
BRONZE-HIGH COPPER INTENDED FOR SERVICE IN SEVERE ENVIRONMENT. G|i'clc!cli'clcte] ite]| Ic
- ALTERNATIVE SYSTEMS ARE GIVEN FOR USE IN , ,
COFPER-HIGH NICKEL SERVICE SITUATIONS THAT PRECLUDE THE MAXIMUM 9 9,919,109 1119 (1219,13, 0
MONEL PROTECTIVE SYSTEM, OR FOR MILDER ENVIRONMENT G|c'c|c'c|c'clc'c|c'C
SERVICE APPLICATIONS.
NICKEL LETTER NOTATIONS, 'C OR I', SIGNIFY 9 w__o o_: 9 _6 o,_a P
COBALT COMPATIBILITY OF INCOMPATIBILITY OF JOINED Glc'clc'cic'c|c'C
METALS IN THE SPECIFIC ENVIRONMENT,
TITANIUM OCCASIONALLY, ‘C OR I', IS NOT CLEARLY 10 10,11]10 1210 13| Q
RESOLVABLE AND IN SUCH BORDERLINE CASES, ‘I' 18 gic'dclclc'e
INDICATED. FURTHER, 'C' INDICATES NEGLIGIBLE
SILVER GALVANIC INTERACTION BETWEEN BARE, DISSIMILAR 1 [11a2]11 13 R
METALS WHEN JOINED AND SUBJECTED TO THE alcCdcelc
SPECIFIC ENVIRONMENT; AND __.n,vm_romum“_wmmm -
PALLADIUM RHODIUM SIGNIFICANT GALVANIC CORROSI ARE, ) 12 |11213] s
DISSIMILAR METALS WHEN JOINED AND SUBJECTED TO ~
GOLD PLATINUM THE SPECIFIC ENVIRONMENT. G|cCc
GRAPHITE G: SIGNIFIES COMPATIBILITY OF SAME-METAL 13 T
COUPLE, BARE, IN SEA WATER, MARINE G
ATMOSPHERE, OR INDUSTRIAL ATMOSPHERE.




