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'1!tltJ<J\41~.,Jmru 12 f1lJlJ~ru11V1 
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10 % 
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UYnY'.iUH'U111l'.i. " 

lA'J,:J,:Jl't/l~tJ'd'~fl~li)\l'lb:;~Vl6mYmn:;mllJLtJ'I.J1tJl~ 'lJn1 'J1-iflVIA1'U1~8fl1'J~~(i1l'VI~ fl'lJU~\I n:;~, 

u uu1'VI:W ~ l~ (J fl~ €d 1 Gal van iche l~m tJ'I.J tJ 'J:;1(J '1J11 ~ tJ tJ\1l?il 'VI fl'J 'JlJ lln :;'lJlJ'lJ'U'1Jtl,:JtJ'J:; L Vlf'llVItI, , 

til ~tJli1-;;)'U 'VIlll 'Ul VI 1\11'U fl1 'J l~lJtJ'J:; l1V16.n lV'll 'VI~ n'1JU~\I n :;~n~l 'VI:IJ1:; ?llJnU?lml:;U'J'Jtn fl1f'l -;;)1 \I 'U€J\I, 

tJ'J:;l1'11"l1VltJ \ll'U1~tJ1Jl~1 ~l'~h.dl lVIA1'Ulnti'lJUlA~tlU Galvaniche ?ll:lJ1'Jf1tJ'J:; (Jn~1-ifnu~'U~I'U, . 
L'VI~fllm\l?l11\ll~mJtl\l n'Um'Jnli1n~ tl'U It'ltJth\l~tJ'J:;~Vl6mow l(1jtJ lQOW1:;tlVl,:J ri\l ~'I.J~I'U~~'JtJ11\l 

" 

Au'I.J-Url\loifu.vtJ'l.Jll~:;~H\ll'U1'Uu1mu1n~J1Vl:;b~ b'li'U Utl\1l?ifl'J lli1tJ1~~I'lJulA~tJU~l~tJU L\I1 .ff'I.JlA~tlU 
\J • 

~Alll.J?lJlb?llJmb~:;l-ul·lmfllt'l~ fl1 'JVI 1i1?1 tJu AlllJllll'UVll'I.Jfl1'Jnli1fl~tl'U1 'UU'J'J tJ 1 fl1 f'l b'Vl'U ml1V1:; bn'1J tJ\I Ei 11 

1V1tJLtJ'\.JbI~1 1 tJ bln:;fl1':iVlVl?ltlUt'lltJfl1W~'l.Jn:;€JtJ\llfl~mtJ'l.Jb1m 43 2 illlJ\I ~1'I.Jbb?i(1j\l1~b~'U11 

Gal vaniche ?illJ l'Jf1tJ nu tl\l~ll'VI~n-;;)l n fl l'Jn(1j n~tl'I.J bln:; bnli1?1UlJIt'ltl V1\1iJtJ'J:;~Vl6mow b'VIUtlflll 

Galvanizin~ bb~:; zinc electroplatin~ 'J1:U()\lb~mYltJunUl'VI~m?l(i1'I.Jlfj" 304 t'llm'li'I.Jn'I.J 



1. U'ViUl 

l VI ~ n l U 'U l'~ tn ~ 'U \i 1 'U ~ iJ n 1 ')1-if ~ 1 'U B~ 1 ~ II W~ VI fll tJ ~~ II ~ t.J ~ V1 i1 ru oii1 'U A-rII~ B'U 1 u ..-J 'U fi ~ , ... 

t.J~V1i1ruoiiBV1~lVlm,)lJ l'1l'U 1'G1tnrim'l~l\l ~'U~l'UtJl'UtJ'Uii BumrulA~B\l1-if1yh~h l'V'ltl~Ul..-Jtl~ l'u'U~'U, , , 

~\ldl~B.:J..-Jln~lJ'IJ~ l~'U~l'UmllJ II ~\lll ') .:Jllfl~mllJlVlijtJl ~\lYh1~i:'11lJ1'JC1~'U'JtJllfl~l11tnL~\l\ltl1~~ltJ 
" 

tl~l.:JhnmlJ oVtl~mJ'Utl\llVl~ n~'VI,)l'IJn'U ~~B nl')ntnn~tl'Ullfl~nl'Jlntn~UlJ ~\llU'Utl~Vl11VI'li~vh1~ 

lVl~mntnm'Jl~BlJ?IfIlW m'Jlntn?!UlJiJt.Jflvi11~?!lJ'IJ~mllJll~\lll'J\lllfl~AlllJ lVlij tJl'UB\llVI~ nfltnfl.:J ~.:J l u'U 

tl..-J~tJ~l~ tJ.:Jvl Bnl'J1oV.:J l'U LtntJ lQW1~1 'Umru'Utl.:J l VI~ muw')') ru~1-if1 'U.:Jl'U riB?!~l'lVl~Bt.J~V1~.:J tJ(1 n?!~l.:J 
" " 

llm;LAJ'l~~l.:J~'U]l'U~l.:J'l l'1l'U 81Al'J~B~Bll'1t1, ~~Wl'U, l~ll'V'lvh, ll'V;'U'Utn\'..-Jl~~llJ'U lU'U~'U" , 

'UBmnnm'Umru'UB.:Jt.J~Vli1ruoii~iJ'U'Ultn1VI'li,!'U nl'JC1Btn~'U~l'Ul~mu~tJ'Utl~1VI~~'U1VlllloV11UV1~ llV1'U 

~'U~l'Ulril~ l~ mm.f1lW..-Jlnnl'J ntn n~tl'U lu'U~'UVlB'U~vil1~tJ1 n iJr)11-if~1 tJ~'l llfl~?i'lt.Jflm~'VI'IJ~€l 
" 

m::;'\Jl'U nl,)VI~ Bn..-J m'JlJ ~'U~l~ till~ 8.:J tJ nih tlVl'll-U'U 1'U.:Jl'ULA,)'li:'1 ~1.:J l\'vl'U'Utn l..-Jl::;~llJ'U1'UfllJfIlA 
, " 

ltll~tJV1~ l'U'tJB mutJ.:J 1~ ~'U?il'U\'VI~ nLm.:Ji:'1~l.:J~\liJ nl'J\'A~tl'IJ~l tJ~.:J n~~iJAlllJ ~llu'U~~B-JM-r'U n 1'J 

"litllJ\'\''1llJ'VIn 3 tJ '~nntlruVllnl';jn~n1B'UAtnlU'UlJflr)lnll 16 ~l'U'IJ1'V1~tluvieJ J llvl'U'Utn\,..-Jl::; J1Vl-r'U11.6 
, IV \J <t 

~V1i:'11Vlm'JlJlAil l'1i'U b'S.:J.:Jl'U n~'U~llJ'UVI~.:J '11'UtJ'J~\' 'VI1"l1'VItJiJr)l1i~ltJ1'Unl';)1 h1-J"liBlJll'1llJl VI~mA~ B'IJ 

~-J n~~~l~tJVlltJnll 15 ill'U'IJ1'V1~tlU 1'U?il'U'Utl\lB1Al'J~tlVB1~mlfl~LA ';j .:Ji;i~1.:JJ1V1-r'IJi:'11i51'JrutJLJl A 
" " 

~'U\il'U VllniJnl'J nn<V.:J'Utl\l~l \, '1l'U ~lntlruVll~lvlllJni:'11lJ1'JC1 riB1~Ln~nl'Jntnn~tl'U'Utl\l~'U?il'ULVI~ n 
.. v 

~~lAruABlAJ.:Ji:'1~l.:J l'lf'U m1.:J I VI~\lA1, lVI~noVm)Bmi:'1~lJll'J.:JAtl'Un~Vl, lA'J'l?!~1\l'UB\l\'i:'111 'V'lVhLl'J .:J ?!.:J 
v " 

1~\'-U'U n'U 111\l'!'Un1J'uB\ln'Um'Jntnn~8'UVI~8m'J \,nVli:'1UlJ'U8.:JlVI~ n~.:JlU'U~.:J~llU'U\,l(1::;l u'Uu'J::; l~'U~iJ 

AlllJUli:'1'Uh 1'Unl,)1~tJ 

~.:Jd1'U'lfl.:JtJ W.I"l. 2551 - 2553 Aru::;~1~tl1~(ihlu'U\l1'Ul~tJ1A 'J'l n1~ "n1'J~VlJ'Ulm~'\Jl'Um'J 
" 

'1J'U~.:Jn~~llU'IJ~lJ~B'U" ltntJm,)G1,r'IJi:'1'U'U~lni:'1m'IJ'UlVI~ml(1~\'VI~nn~ll\'~.:JU'J::;l 'VI1"l1 'VItJ ~l n.:J l'Ul~m!'U" , 



Aru::;~~l'JHl'W\ilJ\JlbYlA11.1l~~nll'bA~tJu~lbVl~nlilll'JlK-:Jn::;~bbuu1Vll.J~tliJ~tJlllYlA11.1hti "Galvaniche" 
" 

l~V~lnnl'ifimll1tll'::;v\'uVitJ-:Jtl5u~ nl'iall!'JlYlAU Am'i~tl~::;tJtJ-:Jbn~ tJ 'V'lUll b VI~ n~mltlv\'l tJ cJ l-:J~ LA~ tJU 

1K,:m::~allmltllYll-:JlVll.J-diJAlllJIi11tlYlltl~tJnl'ibnVli:lUlJ (10 % Red Rust) ~~nllbVl~n'lJulK-:Jn::~vi'11tI, 

(l.:Jnll 1,300 il1lJ.:Jb'utlmh-:JutJv (t1'i::mru 6 wil) (l-:JbllJi'UbA~tJUeJ~~tJEJIK':ln::;~~:;Ul.:lnll 3 bYl1nl'lllJ 

1m .:l-:Jltll~tJ-d~:; biJ 'U nll'~ tl EJ tl ~.:n'Ul~EJ~'U~l'Uv\'.:J n~11 b~tl Pi mn (l.:ltl'i:;~'Vl5m'V'l bb~:;AlllJ... 

biJ'U1 t11vn tlnl'iH\YlA1'Ul~v nl'ie.J~VlLVI~ n'lJulK-:Jn::~LLuu1Vll.J L~mthJtI'i:;lEJ'lJ,j~vtlVli.'flV1rnl'lJll~:;, , 

'lJlJ'lJ'U'lJtl-:JtI'i:; L Ylfl1 VI v (9l~ tJ~~'UVll LL'Ul VII'll 'U n 1 'i L ~lJtI j :;~Yl5 III 'V'I LVI~ n'lJU 1K.:l n:; ~1Vi lVllJ 1:; i:llJ n U , , 

i:lIll1::;Ul'l'Vlnlfl~~'l'!JtJ-:Jtll'~lYlfl1YlEJ 

2. 1(9lntlj~a.:lR'!Jtl-:J1Rj~nljl~!'J, 

2.1 bY;tli>im~lth:;~Yl5m'V'lll~:;lb 'U1Yll'ltl'i:;vn(9l1ilYlA1'Ul~Ei'lJUlA~tlU Galvaniche ~1V1~\.J, , 

bVI~n'llU~'ln:;~~1111illi-:Jl'U1'UU~ll ruln~J1Yl:; b~ 

2.2 b~~tJAmillt1~l'JU bVi l'JUAl IlJai'I'UYll'Unl'JnVln1tJ'U'lJtl..jl VI~ n'llu lA~ tJU'lJU~liil'1 "l lb~::;lVI~ n 

'~u~'1n:;~ Galvaniche (Y)tli.'fml~UTWI nlf'l'lJtl'ltl'i~lYlf'l1 YlEJ 

2.3 lY;tJ lillOJri.:l AlllJ b~ tllJlv~'lJ v~e.Jn nl'~Yl~i.'f tlUi:llJ'(j'~AlllJIi11'UYll'Unl'Jn~n1tJ'U'lJtJ.:JLVI~ n 

'll'U ~'1 n :;~'J:;VI'-J 1'1 n Il'VlVli:I tJu1'UVitl..jtl5u~nll' all VLA~ tJ-:J~ln tl'l?i Jlll~nl'J n ~ n1 tJ'U ll~::; n 1 WI~ i.'f tJ'U'Vll'l 

1'V'JY11lAiJnu nl'JVlVI i:I tJu m EJ11i1m'J EJ 1nl f'I OJ~'I~ i:I III1 :;1n ~J1Yl:; btl 

2.4 l~tJnlTW\ilJ'Ul'Umnml~EJ LLn::;Li.'f~lJtI'J:;i.'fUnlj"hLn:;~nEJIll'V'l'!JB~n~lJl~EJ t!lhl~nl'J , , " 

~\ilJ'U1LiJ'U!'ltlEh~Vl'lJlruLQ'V'l1~Yll'l (Center of Excellence) all'Unl'Jl~mLn::;'W'\ilJtllli.'f~lnVl:;ai'TUVll'U" ~ , 

nl'in~n1B'U 
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3. V1q~~ ~:U:U~~1'U bbn::n·H)'\.Jbb'U1ml:uf,i~-uel'llm'ln1'a1<5'v 

m'i n~ n~ tJ'U'lJtJ.:JlVj~ nntJ1~ln~All:U l~~Vjl ~ lu'UeJ'Uml ml~::: l~ wohl-u'iil~1 'Un1'iUl'i.:J-r mn, 

bU'U'<ill'Ul'UlJ1flt'l-l~ ll~(i)-l1l-Ul.:j(;\'U 1(i)m~ml1bVj~n1 ul-u.:Jl'Ul Vj~fl\l:::~:u~~n'\.J'U'i'i ~lml'1lb~:::fllllJ~'U 

V111~lVj~n~ru l~ E.J~ b~nmtJ'U 1111u~m':i n(i)n~el'Ubln:::m':iln(i)~UlJ m'i bfl~ B'\.J~.:J fl:::~'\.J'U~llVj~ fl"il:::'1h E.J" ~ " 

L~lJAlllJ(;\I'UVll'Uvitln1'in(i) fl1El'U1~nu LVj~ fl 1(i)E.J~.:Jfl:::~'li1 E.Jv11Vjiil~l tJ'Ui'U~'U':i::'vdl-lc:JllVj~ nnu 

Mll1 ::Ln(i)~tJlJ (barrier Protection) UtJ.:Jn'U~llVj~fl\l1 flfll'i~lJ~?I nUAll:U~'Ull~:::'U'i'iCJl flll"1 Dn~-l 

EJ.:J'lil~UtJ.:Jn'Ufll'in(il n~tJ'U1'ULLUULLfl1V1~fl (cathodic protection) 1(i)~l~tJ~.:Jfl:::~m=1(il~B'U1UU1\l~1'U 

Ll~:::~l LVj~m~:U~lJ~?lnUU'i'imflll"1 LVj~fl\l:::EJ.:Jfl.:JM-ru fll':illtJ-ln'U"il1 n fll'i n~ n~tJ'UHitii' [1] El cil.:Jbn~ 

m'i n~fl~tJ'U'lJtJ\ltJl Lfl ~ ElU~.:Jfl:::~ ~llJl'i mn(il~'U1tii'l~ tJl-u.:Jl'U 1~ tJ~.:J fl:::~ "il::~ ,fl~tJ'UtJtJ fl1 UV'l~tJlJ num 'i 

In(il~UlJ'lJ tJ.:J~-lfl::~ (ZnC03; ZnOH 2) l~El~-l fl:::~1tii'~(\ltJ1U':i:::t'luVj~.:J Vi'ICJ~~(i)?lUlJ~Ll(i).:J'lJtJ.:JLVj~fl 

(Fe20 , ) "il :::U'il flD~'U 6/t-llb?l (i).:Jll fll'i n(i) fl~tJ 'U1tii'bn(i)~'U1'Ui'UtJl LVj~ fl fl~ 'I ~-:Jdfll1lJ?I'IlJ1'itl1 'U m 'i 

(;\l'UViI 'U nl 'i n(i) n ~ El'U'lJB-l bVj~ fl'lJU~-l fl :::~ 1(i)tJ~11U LL~I~'U tJ ci nUfllllJVj'U l'lJtJ -li'U bfl~ tJU ~-:J n::: ~ , " 

U,):::~V1~.fI1~"'lJtJ.:J··g'Ubfl~BU bbG1:::6i.fl11:::'\.J')'itJ1mf'1~111 bVj~n1lli-U-ll'U\K-l bb?l(i)-l1'Umlv1tii'I'U~I-1 
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.:.:ol.:. •• ·.\l l . .. . . - ..... -_ ... . . .. 

,.) 2l 

l: 2j':'!' ", 
. 

-- ---1---

---.. --- - ..-.---. -------- -  .,~.;~~ 

" ," 
r <:io" r.r~ 1,..()o, I....:.~_ .. It, 

'Jtl~ 1 ~lnVlnmm)1oil'llU'lJtFll'\r1~n'lJ\J~'1n~~Ll'\J\J~'1lmJ~fr;l1lJ'\r1'tJl'a\..Ilfl~e)'\Jlli,~(1.nI1~\J'J'Jmml'l~1'l1 [ 2 J" , 

lJ 'il \JUt!lri'ii w:mJVWl eJ1lJ 1 U m 'JVl'\llJU II'VlflUflm'J lfl~ tl\J~'1 n~ ~~umh'l~€Jb ~€l.:J lY; m YilJ 

tl'J ~ ~'Vl ·cimq.\l'lJtl'liUlfl ~ €lu~'1 n~~lun'1d'l-u'llului1ml~~iim'Jnrln~€lU (1'1 l 'tit! (1ml~'thvl~ lf1 ~ >1ii 
" 

tl~lJ1ruflf1€lh~(1'1 ~\I(11lJl'Hlvllf11tJit!~~lJ passivation UU~dhl'\r1~fI'l l.hltl~m'Jn(?ln~€lu'lu5ml
" " 

~'Jd(?ll~l mh\l1'Jn~ oUDlJf1llf1~mllJ~l~ennutl'J~~'Vl~.nl'V>j'lJtl'll'\r1~f\'lJU~'1n~~~e-I~ l'l~uri'dm'VlAU fi~l\1'l 
<U 'V '\ I 

L~f)1oU\llU1U(1md:;'U))tnf\1I'\'(Jtl'ltl)~ l'Vll'll'VltJ€f.:Jii€ltJlliltJ~l nlil 
" 

• • 1I II 

tVlflUflf\1'Jtfl~€lU~\I n~~ 2 ~n~ru~V1dltJdoU€l.:Jnunul~tJ1Jii~\l1J 

1) f\1'J'lJu~,m:;'~llUU~lJ{Du15f\1'J~.:JL~lJ (Galvanizins), , 

m)'!lU~'1n~~llu\J~lJ{m..ll(?ltJYhltltl)~ntl\Jri'dtJ 2, , ~UI'lDU'\r1~n flD n1'Jll'l~tJlJ~d 

. (surfdce pretreatment) LI. ~~f\1'J~'\J~t!'llU1UDf)~'ln~~'\r1G1f)lJL '\r1f1d 15f\1'JLI'l~tJlJ~ll'\r1~nntJuf\1'J'l1u 

~'ln~~l~lJri'dtJ~U(il€lUn1'J~lJ;Ju,nu1U(11'JfI~f11tJ~ii~'VltdJurh\l: (caustic cleanins) l~U l'1lrlll 'I"l 
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I snonuquo)) i:'CH1mWn.n.1i . F 

n~iNL,\AG~V1. !elLULGnU-li:'~fJt!1JJPltJ&n~i~tL,\A t~ii~~Ui:',~GfbUL(\;n!l:b'~~nLb'n~ n~nQi U~Iitit~n.~ 
" "" " 

n~t!1GQ.~lI1,~1~(\;LG~~Ui:'~L!1fJt!11 (~fJ~mQ,'LWb'G S'6Iv ~~GWV1.1rtG~lI1,t!1~~~~Ui:'~) )0 OSV ruLIb~sr. , " , 

~u~tM'3L~~~sL~ntIb~U~~(\;tbLml!! Z ~~tnt ~n)t-fJt!1ll1-u)f~nE-nL~nG~bliUL(\;b')fV1.~~Ub'~~~I1~~(\;U~V1.i 
f$ I '" 

I1G~n.u,blt!1vmLi:'nE:t~~tlbln~b'GQ.G~i~b'~ n.GU~sf1nt~nQi (CDUZ) 1'l~tG~l,!Jli:'~~~ii (DDHN) 
f$ , " " 

f\ , 

1'l~t G~l!\lbfJU.ilbllbmi!J~~u)f~fJL~~I:;!~L~n.G~bl'f1tL!1U L1~(\;U ~V1.mLm~ t~i't!1WI1~UL(\;i:')fV1. 
, " 

<'OZ"::1) IbG~nE-b'Gfl,UfJiifJG~IbLWf1t 1b~L1~LI1L~~L~V1.it!1WfJt!11 nu'n~t~nn.n!l:t!1~i~I1G~n.L~l!\l!l~L~G~i 
... .... f$ n.' , 

http:i:'CH1mWn.n.1i


~'U.:Jl'U\.h~biwlbVl~nvitl , l VI~mnn, rn'UlVl~n ml~"'mi1tllil 1(?l8~'U.:Jl'U~'lrln~uEj(?l~181~UUlfll'U-;;) :;rln 
u ~ ~ 

~lJ~.:J1'Uumn':i lfllJl!il~8lJ~lll~~Utl~'ln~~~18Fl11lJL~llL~ ~':i:; 8:;Ll~l~LL!il nvll.:J n'U'El'El n 1 tl ~'U\ll'UlYnmj, ~ 

1'Uutl~.:Jn:;~dJ'U11~1 1 - 10 'UlVl [1] 

LVI~n'1lU~'ln:;~~e.J~!il~'U1~ 815~.:JL~lJ,1'Utl':i~nmJ~181m\l"'~l\l.ff'ULfl~tlUmIl8.ff'U ~.:J'Uru~, 

vil nl':i'llU~ 'El'U,r'U LVI ~ n LL~ ~~.:J n~~-;;):; LL 'V'l~ LiflVll n'Ull~~viltl5n181 Ln(?l LU'U.ff'Ulfl~tlU Fe-Zn 

Intermetallics L'W(lvll.:J1 ~.:JlJ~1'Utl'J~ntlul~V!~Ll~~Fl11lJVI'Ul~LL!ilnvll'ln'U1tl .ff'ULfl~tlU 4 .ff'U~l1n 

~.:JLn!il'V'lutI'J:mtlU~18 (1) .ff'ULyJ(lLLnlJlJl (r), Fe3ZnlO, ~.:J'Elci~(?lnU~lLVI~n lL~dhVl~mU'U'El'lAtI'J~ntlU 
~ 

l'U'1l1.:J 23.5 - 28.0 wt % (2) .ff'UL'I"lm~~!ill (CS), FeZnlO lJtl1lJlru'Utl.:JLVI~mU'Utl.:JAtll:;n'Elutl~1'U'1il.:J 

7.0 - 11.5 wt % (3) .ff'UL'W(I~!ill ((), FeZn13 lJtl1lJlru'Utl'lLVI~n1'U'1l1.:J 5 - 6 wt % LL~:; (4) .ff'U Ltlm 

(11) ~.:JLu'Ul~VI~~\ln~~LntlU~'lVllJ(?l ~.:Jd.ff'UL'I"l'" r lJ'U'Ul(?lUl.:JlJlm:;vlu -11lJfl':itl'U 1'U'lJru:;~.ff'ULfI~tlU 

L'I"l'" CS LLrl~ c:: :W'U'Ul(?lVl'Ulnll 'El~1'U':i:;vlu 10 - 100 1lJA':i'El'U 1(?l8.ff'ULA~tlU Fe-Zn Intermetallics ~\I(ltl'l 

?lllJllrl:W'U'Ul(?lmllJVI'UlL~lJ:ff'U1~Vllm~m:;8:;L1rllvilm'J'llU~tl'U ~1'U.ff'U 11 In(?l:;}lmh~'.:Jn~~l'Uutl'l!U 

I IJ '" "lI' 

Vl~ (?llJl nu:U'U.:Jl'ULVIi=! n vl.:Ji:t'U'U'Ul(?lfll1lJVI'Ul ~.:Jrl n m'U fllJ ii18fllllJVlil ~'U tl\l111~\I n~ ~ LLrl ~m 1 fllU fllJ" , , 

m':i1V1~'lJtl'lJl~,:jn:;~'U'U~wn'U [3 4] 

2) nl':i'lJU~.:Jn:;~~1mVlflUfl Galvan iche , 

Galvan iche LU'UL VlflUfl m l'1lU~.:J n~~~~(llj'l.J1~'U1~8flru:;er)~8 1(?l8.ff'U1il tl'Unll e.J~Iil\J:;, ~ 

LL!il n(ill.:J-;;)lfl nl':i'lJU~,:jfl:;~15~.:JL~lJ 1(?l8:Wnl'JLfl~tl'U.fftntl.:J~'U ~1 (J1'W~l nll'1l'U~tl'U1'UUtl~.:Jfl~~ ~,:jd.ff'U,. , 

ltl.:J~'U(lllJl':imlil~8lJ~J'U1~~lmVlflUflvll.:J1l'1i'U Electro deposITion LLrl~ Eletroless deposition 

1'U.ff'Uliltl'Unll'llu~m.nl'U~.:J n:;~VI~tllJLVI~l-;;)~viltiB n1fJln'U.ff'U ':itl'l~'U LL(;l~1~'&'ULfI~tl'U~:wmllJU1'leJ'U 

l~tmnneJli1':ill~11'U nllviltlB n181'lJ 8\1 ~~n~~ LL(;l:;.ff'U 1'El.:J~'Ui] A1 ~1 
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\Jlnm'lf1 mnfl1't.ml.J'U~m'ln\iln1tl'U1 'U~ml~~~tJa'l ~n~tJ1'U'l~~u~tl,nJD1T~m'l '\"lui 1 

~ VI~n Galvaniche ilmllJ!Ill'UVll'UlPitlnl'Hlliln1tl'U~'lnl1~VI~n Galvanizing l'LJ'ULlmtlc!l'l-WmJ 1,300 

illlJ'l (th~lJ1ru 6 ~vh) ~'1llif~'Ulfl~tJ'lJ'5'f1'f1tltJ'lJtl'l1~1il\J~ilfllllJU1'lnl1n'Ufi'l 3 ~vhnmlJ [5], 

'Utlmllnd 1flilnl'l'w\ilJ'Ull~UU'Ill'f1tJ'l!ll'UYl'U'llfil (cost modeling) 'lJtJ'l Galvaniche ~'Ull~~1fl'\"lu:h 

Galvaniche ~llJl'Hlth~tJntil1oUt'U'llfll!ll'UVl'U1nC;;\~tJ'Inum'l'lJU"'1n~~llUU~'ll~lJ [6] ~'1,r'U lVlfl-lJfI, , , 

Galvaniche d~'1mvm~'l111'.hh~tJ,nA1·ilLYim~lJlh~~Vl5.fll'Wf)1'lnlil n1 v'U1~nu lVI ~ n 'lllJ~'l~l tJ 

\J'l~Vl81il nI'l1-iiVl-r'WtJl f)';i''''ln~~'f1'l 

4. 	 lU.J'Uf)1';i1~tJ 

m'lv11lii'Um'l1~tJmj'ltltlmu'U 3 n\Jf)';i''llJ I'l'ld 

{), 1 ~l'H'ill~'f1~l ~fI'll~'\--H:JqjVll m'lnliln1tl'U1'U~.flll~U'l'ltJlmf'\U~~lruln~J1Vl~ ~~ 

f1ru~~l~tJ\J~llfl'll~1A'~n~ru~ m'lnliln1v'U'lJv'l~'U" ':l'UlVI~ n~ilm'l1-iivc!\J~ 'l1'UU~ II ru1n~ 
~ 	 ~ 

J1Vl~ l~ 	'lllJD-:l16f)1'l~f1~tlU~1~VI~n Uf:l~'l~tJ~'vh-l'lJtl;J~'U~l'U~VI~ n\Jl n'l~I'lUJ1Vl~l~ oUe:JlJf:l1'U611'Ud 
'U 

M-rUflJllJiJ ' l~ml~~\Jlnu~~Vl UtilVl, ~l'll'iJl~61~t:J~tiltJ1til'l~~mJ '<Illn(il (lJVll'lJ'U) ~'l\J~ lU'U]l'Uflll)J~ 

~lAqj1'Unl'li: ' in~ll~~::;-W\ilJ'Ul ~VI~ n lfl~tlU~'l n::;~l'U~'U~v1tJ 

.
c::r, Q ~ d Q.I .c:l 

4,2 t:Jf:ltil'lJ'U;Jl'UlVl"'mfl~tlU~'1n~~ 

v 

flru~ ~l~ tJv11l-lJ'U f1l'l t:J~ V1 :U'U;J 1'Ul VI~ ntfl ~ tlU ~'l n ~ ~ fl 1 tJ l VI flU fl Galvaniche :u 
~ , 

'U 
~ 

~~tJ01 n~ln'l r-.l~ n 'l~VlU'lJ e:J'lvll l\' \J'l nl'l~ ~V1 e)'U1~ lln fllllJVI'Ul~'U lfl~ tlU l\,'" ~tl'lri\J 'l::; n tlUVll'l ~flil'lJtl 'l 

~'Ulfl~tlU~:uvitl~lJ1T~mllJ!Ill'UVll'Um'ln(il n1tl'U ll~~U'l~~Vl5.fll'Wf)1'l1-ii'l1'U1'U~.flll~1n~J1Vl~\'''' 

~'U..:Il'U~~~ til~'U ~u'U~ n'l'lJ'Ul1il M16~'lJUlfl~tlU~1 ~'llU'UvllllVI'U~~'lJ e:J 'I ~n~ru~~'U'll 'U 
\J , 

lVl~n~1'ifn'UlJln 1 'U'll'U~.:j\J"'n~~l.:j 'illJ~'l:UmllJ'Illl1J'U~!Ilt).:j1~-ru nl'ith'i.:j-rn~llu'Umh.:JlJln1'Unl'l 
\J 	 , 

1-ii'll'U1n~J1Vl~l~ ltie:J.:j\Jln~nil5V1'l1f)1'in(iln1t)'U~~.:J lL",~ilmllJ~lAqj1'UnI'l~(il~'U~l'Uvil'l '1 loUl11 
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l'1')tln'U ~'1d nl'j'lrU~'U'I1'UlVl~nl'1,)tI~'1n~~vill1J'Urm1t.nXB'Iuijuiii nl'j L~181oil?llCJnl'j'lrU~'1n~~ eJ(i1L'UlJiii 

'j~~UU'i~~B'I~iJB~'1'U~B'Iuijuiiinl'j 

4.3 nl'ilbfl'i1~~'VlIi1?lBU?llJu&inl'jnli1n~B'U 

~ .d.::.. d{ t..I .,!' c:t. 6'~ .c:. 11 v =Q Q, 

'lJ'U'I 1'U'Vl t;,J~ (i1'lJ'U m CJb'VlA'Ufl Galvaniche bb~ ~'lJ'U'I1'UL 'lJ'I'W1 ru'lJtI'Vl~"(i1'lJ'Um CJb'Vl A'U A 

Gal vanizins 'i,)lJn'l~'U ,:n'U bVI~m?l(i1'U bm'l ~ml11tJ'VlVl?lBUm1lJ~h'U'Vl1'Um'i nVl n~B'Uv1,)CJ b'VlA1JAA1'l1 

LVI tliJ'j1tl"~ LBtlVI~'1d 

4.3.1 nl'i'VlVl?ltJU1'U?lm')~1n~J1'Vl~L" 

flru~l~CJ1v1?111'lrn1lJ~,)lJiJB nu u'1~'Vl U(i1'Vl. 611'j') ~ bL"~ ~~(i1tJ1(i1'j L~ mJ 'ill n VI 

(lJVl1'll'U) LVI CJ'Vll'lU'1~'Vl1v1B'U bA'i1~~u'1 L,) ru bb vl'U'lJ VI b~1~J1:iJ'U1'UeJ1,)1'Vl tI 1 moilLu'U?lr\l'uiiili1~'1~'U'I1'U, , 

?lmil'B(i1 L ~B'VlVl?lBULb"~ bU~tJULViCJum1lJC;)1'U'Vl1'Unl'jnli1n~B'U'lJB'I~'U'I1'ULU'U'i~tJ~L')"1 12 l~B'U LVI tI 
" 

mJ'IBBmU'U 2 u'1nru AB Lower Deck ~'1LU'U~'ULVlUBJ1'Vl~L" 11 llJm LL"~ Upper Deck ~'1lU'U~'UOVl~'UhJ 

1'U~')'U-d~'U'I1'UbLti'lBBmu'U 3 n~lJAB n~lJ Galvanizins, n~lJ Galvaniche ll"~n~lJ Electroplated 

line lVlCJ 7. n~lJll'jn1v1tJ~(i1~'U1 'UVlB'Iuijuiiinl<J ~')'Un~lJVI~'1lu'U'?1n~~'Vll'lU~~'Vl~BlJlHJ\J1n'Vl1'l 

VlB.,J(i1"lVl TVIti1 'UVjn 1 l~B'U~~iJnl'i111~WIl'U(ilJ B~l '1lJll LAl1~~~'1~n~ru~ Llm;eJ(i1'j1fll'i nli1n~B'U 
, J 

ViLnVl :v'U 

1 0 ~ 

(13.2 nl'i'VlVl?lBU 'U?lmd~~l"B'I"~BB'Ilm1€J 

n ~lJ~'U'I1'U lL~'ULVI~nflnI11lJl'Vlli1?l BUJIltJ 1c;)?lm,)~"~tltl.,Jln~ tl(i11lJlJl(i1'i ~1'U ASTM
'" ., 

B117 LV1CJ1oil?l1'i"~mtJL'!lb~CJlJA"Bb~~A,)llJl-VlJoil'U 5 wt % lU'U'j~CJ~L')!;'nU'i~:l.nru 20 l'U L~B 

i Lm1~""~n~ru~ ll"~ eJm1 nl 'inVI n~B'UL U'U'j~ CJ~ LL" ~ 'Yll nl'jllfl'j1~""Ci'lfl,)llJ L~e)lJ1t).,J'lJB'It;,J!;'l~1v1\J1 n 

?lmd~'ih"B'ILL"~?lml~1n~Jl'Vl~L" 1'U~1'Ud~'Un\.mti'lBBmU'U 4 milJ Atl n~lJLVI~nn~l~h;F~l'Unl'i, , 

'IlU ((S), n~lJ Galvanizins (GI), n~lJ Galvaniche (GN) ll"~n~lJlVl~m?l(i1'UL"?l (SS)
, 't 'l 1 
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5. 	 Han1,~~am4"a:m~~'1~Ha 

5.1 	 m'S(:.,I~\l1:a'i.J,:jl'i.JbVI~mfl~m..J~,m:~ 

lI11Vhn1''j~Vl(ltJ'II:.J~\l1~'i.J,:jl'i.JbVl~ n'llu~,:jn:~ ·J1n~'i.J,:jl'i.J~m bVI~ nlJ (lv11 1111 tJ15'llU~t:J'i.J bb UU , 	 " , 

~,:jb~hJbb(l:I11,) elbb'i.J1Vm1VlJJ~iJ~'i.J bfl~ vU'HN~'i.J .rr'i.J\l1v'i.Jm'S'llu~t:J'i.J~iJi'i.Jbfl~m..J'Sv,:j~'i.JbUWfl,:jbb?Hi),:j1'i.J, 

bb(:.,l'i.JJlllI111'i.Jfll,:j ~l 'i.J.rr'i.J \l1t:J'i.J n1'5'llU ~v'i.J bb UU~,:j L~lJiJfllllJflc;llVfl~,:j n\mvihliJ.rr'i.J\l1tJ'i.J'lliJ bfl~tJiJl111 v", 	 , 

lwvh 

• 	 do c1 do • ; 

bbc.J'tJbVlI1n'iti1L8'Ufl1'iUtl'U(1ll b())~UlJ"1'i11:;111UUb~f1lVI'i111vl 

/ (1n'ibVl~f1ijl1vh, 	

•+ 
i11~Jl'lU 10 % NaOH 'J1U pH 

60°C 10 'tJ1Vi + 
+ 	 '1lUbl'l~'il'\..J~hu1YlYll 
u 	 • 

~1~'l11f1A'U 

+ 	 + 

~l~Jl':W 14 % HCl 20 'Ul~i 	 ~lJYlAf1'1l 

+ 	 +
u 	 • 

,11.l'l11f1A'U 	 'Il'\J~~f1:;~ 450 °C 1 'Ul\-1 

+ 
~lJ'l11V1'tJVi 

lV1 tJ~lltJ bbc;ll ~'i.J,:jl'i.J~ ~~\l11I11iJrHl.lm'V'l~~ bb(;1:iJmllJflc;llVfI~,:j n'i.J1'i.JLbvla: n~lJ~'i.Jnu, , 

~1lJ1'Stl'\.hltJ1m'i.Jm'S~m~n1w;h'i.JvivltJ m'V'l1111'i.J~1,:j ('StJ~ 2 bb(l: 3) bb?!Vl,:j('),:j~mH1.1:ml'J'i.Jt:Jmb(l:
" 

lf1'S.:J~~l,:jYl1,:j~amfl'1Jv.:J~'i.J.:j l'i.J bVI ~ n'll'\J~.:Jn:~ ~.:J~.:J bn(»111111~ULfI~ t:JuiJ m llJ?lJl b?llJv Lba: ~l bA~mJ 

Galvaniche iJrnllJU1':lnll~lLfI~cAJ Galvanizin~ mh,:jL~'i.J1111'iTfi ('StJ~ 4)
" 
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(N9) dljJIUt'i\)t'9 l,JQl,JIA.'r3l,ltl~~Ub'~n.R.U~IiI.'~U~M.U'M.E:~~' (19) 8ulz!Ue!\)t'9 ~~Ub'~n.R.U~IiI.'~U~M.Lb'M.!l! Z \1[1~ 
n n ' 



'HJ~ 4 lfl'J'l?\h~\l".rnfl'Uv'l·a\JLfl~vU~U~l1ruln~Vl~'W,:n'W?\ rm'VI~n'lJ'UX'l n:;~ LL 'UUtK'lL~lJ(GI) 
'V '" 'V 'I 

(·ihEJ) LLfl:;~'W'll'W?\mLV1~n'lJUX'ln:;~~"WL'VlfliJfl Galvaniche (GN) ('Ul1) " , 

5,2 nl'J'Vl(Yl?\eJ'Um1lJcfh'W'Vll'WnT'in(Yln~v'W 

V1~'l\ll n1~(ihLu'W n l''i'Vl(Yli:1eJ'U nl'Jn(Yln~v'W'lJeJ'l~'W'll'W1'W'U'J'J£Jl nlI"l1nfltl1'Vl:; LflU~L1ru 

eJ11l'Vlmu'W'J:;V:;l1fl1 12 Lii1v'W LLfl:;.rnv11fli:1.rn1:;fl:;vv'lLn~eJl?ll:IJlJll?l'J]1'W ASTM 8117 LU'W'J:;EJ:;mn 

"J'J:;mru 20 l'W 1~~61~?11Af1:j~.:Jd 

1) ~tl~ 5 - 14 LLi:1(Yl'lm'W~'W.:Jl'Wn~:IJ~1.:)1 ~'ll~M(Yl~'l~ Lower deck Lb61:; Upper deck 

'UeJ'lbLvl'W'U(YlL\ll:;nm.:J'Vl:;L61 l(7jmtl~ S bW:; 6 bLi:1(Yl'l?\.rnl:;'UJ'J£Jlnll"lu·~L1ru Lower deck ~':)€ltJ1nfl
'" " 

'J:;~Ue:hJl'Vl:;L61lJlnn'h Upper deck ilm1lJ~'Wbb'J'l1'Wnl'Jn(7jn~m..!~~'lnl1 ~.:Jbn(i1\llnnl'JLn(Yl?\UlJ'lJ11 

'U'W~h~'W~l'W n~lJ~l.,:j 1 ~.:J LLviLii1v'W~ 3 ~'ldfl1(i\11LU'WL 'W'J1::;1mn~ €I \I 1 ntl1'Vl ~Lfl'J::;L V1EJlJl~:lJcr?\ nu 

~1~'W.,:j1'WbLfl:;?\:;?\:lJeJ~'U'W~1~'W.:J1'W1'Wtl~lJlru~lJlnnl1 ~l'W'U~L1ru Upper deck tT'W nl'J~v~vi1'l\lln 

~lJ1'Vl:;Lfl eJ€ln1tlvh11X mmn~vlJltl:;'Vl:;~'W':)l'W1'Wtl~lJlru~~lnl1 bLfl:; ~ l~'W':)l'WjJ f'111lJ~'W?\ :;?llJ bbvi 

b~EJ.:JumJ '~'1bn(i1'illmU~ 7 - 14 nl'Jn(Yln~m..l'Uv,mnmi:lJ~'W'I1lAu'U~L1ru Lower deck ilBI?l11?l ,1fll1 
\J , 'I 'U 

~v~1'W'U111ru Upper deck '€lt.iWU(Ylb'll'W 
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2) ~1'V1~U~'U'ITU~~VI~'1U1nru Upper deck 'WUll iiLu'Wl:;n~lJ~'U'Il'U Electroplated 

Zinc ~ii~UlJ LL(;l'l'IJ~l n~f)ul'1iVlL~'U lV1tJfI)lU~UlJLLVI'IL~lJfif)v11~'UllG1:;m:; ~1 tJ f)~VlllJ ~~n Ln~tJl~'1 LL~ 

L~mj~ 6 'Uf)'1f)1~'Vl(;l~f)U (~'lJYl 9) 'VI~'1'Vhn11'VlVl~f)ul'IJdJ'UL1G11 12 L~f)'U 'WU'-Jl 'IJ~lJ1rufl~lU~U:lJ 
" 

LLvmi'Uiif)~'lJ1:;lJ1ru 0 .6 % 'VIln'IJ1:;lJ1rutihtJn~)'5'mln1~n(;ln1f)'ULLuUL~'Um'lLL~:;1oULnru'V1n1~~ln\il .. 
~UlJLL(;l'l~ 5 % LL~l ~'U'Il'U Electroplated Zinc 'il:;iif)ltJf)1~HHU'IJ~:;lJ1ru 8 tJ mtJ1A~m1:;, 

" v 

m1tJln1V'lU1LJru Upper deck ?i1'U'U'U'Il'U Galvanizin~ LL~:; Galvaniche 'l1'U 'WUll JJn1~n\iln1m,l 

1'U'lJ1lJ1ru~lnlllJ1f) f)U~ 0.04 LL(;'l:; 0.03 m:lJr;\'l(,)'U
" 

3) ~1'V1~U~'U'Il'U~~VI~'lU1L1ru Lower deck 'W'Ull ~'U'Il'U1'Un~:lJ Electroplated 

Zinc LL~:; Galvanizin~ l~lJJJfI)lU~UmL\il'lm:;~ltJmJ1'UL~f)'UYl 6 'VIi('ln1~'Vl\il~eJ'U~l'U1'lJLU'UL1m 
" 

12 L~f)'U 'lJ1lJ1rufl~lU~{JlJLLVI'IltilL~:lJ~'Uf)Ul'li(;lL ~'UYl~l~Wl'U Electroplated Zinc lvWJJy;irL'viln'U 

21.2 % ~'1~1~l'~'U11 ~'U.:!I'U Electroplated Zinc JJ81~n1~1oU.:!1'U~lnll 1 tJ 1'U~m1:;m~tJln1l'1 

'U1LJru Lower deck ?i1'U~'U.:!1'U Galvanizing '!'U iiL'lJeJ'h.v'U1il Red rust f)~Yl 2.5 % ~'l'IJ~:;lJ1rultil 

11~'U'l1'Un~lJdJJ81tJf)1~1oUnu'IJ';j:;lJ1ru 2 U ~l'V1~U~'U'Il'U Galvaniche '!'U iiL'lJ f)'iL~'U1il Red rt Isl, , 

0.3 % ~.:!'IJ~:;lJ1rultilll~''U'll'U Galvaniche 'il:;~81t.!n1~H'l1'Uhl'IJ~~mru 16 tJ 

4) ~'lJ1~ 15 LL?!(;l.:)~n'tlru:;Jwl'U'VIi(':)n1~'Vl(;l~eJ'U~1'U1'IJdJUL1~1 12 L~eJ'U ~''llnVl1~Hl 
" 

ml'U~{JlJ'Ul1~.:!LlJ'U?!UlJ'Uf)'1~.:! n:;~m:;~ltJ mjmlJ~l'UeJ'I~'U'Il'U'Vl n n~lJ ~l'U?lUlJ LLVI'I ~:;~'1 Ln~'Wu 
'U 1 , 

L~'Ui(;lHll'U~'U'Il'U Electroplated Zinc ~'UYl'Uf)'l~~l'U?!UlJ LLVI'lYl'IJ~l n£] 'U'U~l~'U'Il'UYl'Vlln1~'VlVl~eJ'U 

l'IJLtJ'UL1m 12 l~€l'U ?!1lJ1~fI?!~'lJ1til(,)'Imlmm'IJYl 16 YlLL?!(;l.:!till'U~l'l
, 'U 

5) ~'lJYl 17 LLG1:;~'lJYl18 lLM1'li:-J(;'lm';j'Vl\il~€l'UnT'Jn(;ln1eJ'U(,)ltJ(;'l:;€leJ'ILn~eJ1'U'\~eJ'l'IJn-u~m';j 
" " :;..J 

~(lnl~'Vl\il(l€l.:)~11XL'~'Ull ~'U'Il'U Galvanizing (Gil 'iinl"jn(9ln1eJ'U1'Uilml~?!'If\11~'U'Il'U Galvanichc 
'U • 

(GN) mh'loU(;lL'il'U l(;ltJ~'U'Il'U Galvanizing m1~lJJ'W'U?!ulJLL(;l.:)1'U'IJ~:;lJ1ru 100 i1lmlL~n'UeJ':)n1"j 
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Vl\?1(1tJ'U lu'(h.:rd~lLfI~tJ'U~-:jn::;~fh~'n11'\'''!1~LU'U Barrier protection '(hcn'JtJ-:jn'U~ll'v'1~mnnnl'i 

~:lJiJ~ n'U'U 'i'i tJ 1 nll'1 'v'1~-:j "IJl n,r'U~ 'Ull nl'in\?1 n~v'Uln\?1~'U ~ltJf)(i)'ill~lAv'U.ul-:jfl-:j~l'U~l-:j llrll 

'lh::;:IJlru 150 - 350 .rrll:IJ-:j l'U~1-:jdfll\?111~llfl~v'U~-:jn::;~'lm-:j~'U-:jl'Ufh~-:j~ltJ{1tJ'ln'Unl'~n\?)n~tJ1.J 

1~n'Ul'v'1~n~ltJ Sacrificial protection ~-:jll~nrll'lh~:lJlru 350 .rrll:IJ-:j lu'U\il'Uhl ~'\Jll nlJnvln~tJ'U 

In\?1~'U~ltJf)m1~~-:j~'U 1'U~1-:jdfll\?1"h Sacrificial protection 'lJv'l~llfl~v'\J~'ln::;~l~L~:lJrl\?1 

'lh::;~Vl5m~rl-:j l~v'l"IJ l nihJ1:1Jlru~-:j n::;~~() nn\?) n~v'UeJVf)1 'lJllii'll U'U~l'Ul'U:IJl f) cI'lc.Jrll~fll'in\?)f)~tJ'U
" 

'lJv-:j~ll'v'1~f)\ihlu'Ul'lJmh'l'n\?)l~l 

6) 1'Ucll'U'lJv-:j~'Unu Galvaniche ~Vl\?)~tJ'Ul'U'U'lJtJlflll'1~::;tJtJ-:jLn~tJl'UVltJ'l'lJ5u~fllJ 

~'Ull l~v~'U~\?)fll'iVl\?1?1v'U~ 432 .rrll:IJ'lllJ~l:lJl'i()\9l'i1"IJ~'Ufl'i1'U~U:lJll\?1'l~~11~l~'U.u\?1 t:J(;'1~1~,r'U 

flii'ltJfI~-:jn'U~'W'U1'U~'U-:j1'U Stainless steel 304 ~'l11:IJll'lJ~tJ'UlVltJ'U "IJ1f)t:Jrlfll'iVl\?1(;'1tJ'ld~'l~~'lJl~11 

fI11lJ\ill'UVll'UfllJn\?1n~v'U'lJtJ'l Galvaniche J'U~-:jf)ll Galvanizino ll~::;m.n'U'i::;~'Ul~tJln'U Stainless
" ~" 

steel 304 1'U~l-:jJ::;tJ:;nm~vhfll'J~m~l 

1) L~vL'lJ~ tJ '\J LVl tJ 'U c.J G1 n 1 'i VlIi1 ~ tJ 'U n 1 'J n \?) n ~ tJ 'U ~ '\J 'i 'i tJ 1 n 11'1 J1 Vl:::; l f1 ~ ri 111Vl tJ LL rl:::; 

'U,;)';J tJ1nll"16'1~e:Je:J'lln~tJ1'UVle:J'l'lJ5u~n1'J Llii'l ~'Ull 'U'i'itJl nll'1(;'1:; e:Je:J-:jlf)~e:J1'U~e:J'l'lJ5u~nl'iiJAll:IJ 

~'Ulm1'Ufll'inli1n~e:J'UVi~-:jnll:lJln ~'l ~e:J\?1f1ii'v'ln'U~f)l'J-ru::;fll'i1-ufll'iV1\?1~v'U1'UVltJ'l'lJ DU~fll'illi1tJv(ll'li 

~LD'Ufll 'i L ~'l fll'in\?1f)~B'U L~Bllfl 'n::;~~f)l'J-ru::;~'U-:jl'U1m::;tJ::;LlmVlti1~tJ'U~'U '1 

" 
8) 1'Unl'iVl\?1~e:J'U n1'inli1n~e:J'Ub'U'l'itJln1I'1"IJ1-:j~'U~llru Lower deck ;U'U-:jl'U 

Galvanizin'5 ih'lJtJ~l~'U~~UlJll\?1.:l~ 2.5 % VI"-:jfll'iVlIi1~B'UlU'Umn 1 tJ (8,600 .rrlllJ.:l) flYl'Ui:lUllLl\?1-:j 

1'U'lJ1:1Jlru~Lvhn'UdLn\?1~'U'\J 'U~'U.:ll'U Galvanizin'5 VI~'lfll'iVlVli:ltJ'\J~ltJrl::;tJtJ-:jLn~tJ1'UVltJ-:j'lJDU~nl'i 

Lu'U'i::;tJ::;n~l'lJ'i:;:IJlru 200 .rrl1lJ'I ~'1,r'Ue)mld-:j'lJtJ'I'U'l 'ltil nll"1(;'1~~tJ'ILn~tJ 'lJtJ.:JVltJ'I'lJDU~·f)lJLV1tJ'\J 

n'U'U'l'JtJ1flll'1'U1nru Lower deck mj~'lJJ::;:IJlru 45 lvil 

" 
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9) Vl1n1.;r~lfnllJlL(iln(ih'l'Vtl'lfnlm'ULLI'11un11nl'!n~e:11.J'Vtl'l 2 'UJICJlmf~dw 'Ulnnu, 

W~ nlIYlI'!~tl'l1'UUJICJlnll')~~'11'Unllfh'UlrufllllJlfh'UYll'Unl'~nl'! n~tl'U'Vtl'l Gal vaniche 1 'UUJICJl nlY'1 

~:;tltl'l Ln~ tl~:;1~"h Galvaniche ~YlI'!?lvU1'UU11CJlnlP\f1:;vtl'lLn~tl1'U~tl'lUDU~ nll~:;iifIJ1'U?lUlJ LbI'l-.1 

d'\I'!~'U1'U'lHmru 5 % L~tHl~l~l'U1u'l/J:;mru 3,000 .a-llm Vl1tlU1:;lJ1ru 4 L~tl'U ~ldQ'iJ'·hdJ'U~l 

.d I 1.1 ') d d Q..I d dd 
Yl~-.1f1tl'U'Vl-.1:lJln bI'lCJbQVn:;LlJtHYltJ'Un'U Galvanizing bb~:;?ll'HfI~tl'U Fluoropolymer YllJfnl:lJ 

(l]l'UYll'U nll nl'! n ':i tl 'U1'U'U JI tJ 1 nl Y'1 ~:; tl tl'l bn ~ tl1'U~tl-.1U iJ U~ nl 11'U 1:; 1ii''U 200 bb~:; 2,000 .a-lllJ'I 

(illlJ~lIii'U 
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L1 
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oz 

n.G~1 9 [\1n.L~L~l1G~1 ~L~1l!)h.n.!Am·Gfl, >paO JaMOl ~ JUIZ pa~e)doJ:pan ~~11 

alptue/\)e~ 'aulzlue/\)e~ n.U'n.Jt-Gfl,~'~IALrG~J.11t.!LUL8~U1,n.tn.G~Ul!)J.I~LUn.G~~IA~LU 0 I ~[\~ 



Electroplated zinc ' -,'I 

1uVi 11 n1Wl(7\~t:),Un11n(7\n~'i)tl1tl'\J11CJ1n1l"1b'VlU'inJlV1~b(l'1J'i).:J~tl,nu Galvanizing, Galvaniche 
'V 

bb(l::; Electroplated Zinc ~ Upp~r Deck 'Utl.:Jlbvitl'l!(7\b\)l~ b~ml(ll~ltl1u 9 b~tltl 
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II 

i'3LjJlue/\le::> 'aUI7IUe/\le::> nLt'nll!t'Gfl.~';:IALrtGf;!.1!1. '\elLULf1~~n.ntnG ~U\!l~~LUn.G~WIA~LU 
" " 



£2: 

dlpiueJ\le9 '8ulzlueJ\le9 n.Li:'n.8:i:'Gn..~,~iALrwQII1.'WLUU3~~I\n.V1.G~UI!)1I~LLH1.G~I!)'M,LU 
"" . 
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11.8~1 ZI i11I1.L~L~lm~1 ;:l~1~n.n!Am'81l. >paO JaMOl ~ )UIZ pa~eldOJ:pal::J ;:~11 

a4..JIUei\le::J '~UI7IUei\)e::J I1.lt'I1.J.t'81l.~1~lA.Lr8nb11WLUL~Un.11.111.8~UI!lJ.J~LUn.8~1!llA.~LU vI ~i1~ 



~~*7~.f~?;~~~;~F~2: . .- ~. . . . .' .. -........ -~~~~~~l~;~)n;~
*" '",'c.".:l .•• !,;",,;,,;~.", 12 Month Upper Deck "; ..' ..:-,·,-, .. ~.,:"7"~,,,,.i~
~~"':·~~~>;,).~~'-:·.-'i:·!."~;: ~.~.~ -'. . '." ," .":.... ,' '~"t:·7~~.t.:tl 

A B ( ~ 

TtJ~ 15 ~n'blru::;:U'tJ ..nw Galvanizing (A; D), Ga lvaniche (B; E) bb"~ Electroplated Zinc (C; t-=)
" 

1)j~,ml'lYl~?Itl'IJm'jn~fl'~tl'tJ'l'tJ'u~~tnmf'!bV!tjmhvl~b"btJ'tJ~~(J~nm 12 b~;tl'tJ 
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% Red Rust 

25 

! 20 

15 

• Upper Deck ' 

• Lower Deck '10 

5 

o 
Galvanizing (GI) Galvaniche (GN) Electroplated zinc 

(PIT) 

~u~ 16 	 LUe),~L~Uvl~U~~l~lJrnlU~UlJlL~.:lU'iln!lUU~u ,:nU~'1~llJ'q~VI~'1'VhnT'jVl~~vunT'jn~n~v'U 

1 'U'U'i'itJl nlI'\1n~JlVl~L(lLtJ'U'i~ tJ~Ll(ll 12 L~v'U 

~u~ 17 ~'U'll'U~n~bL~(i)'Ub~~ (SS), ~n~LVI~niJ(1vh ((S), (1n~bVl~mfl~vU Galvanizin~ (GJ) bL~~~n~ 

LVI~mfl~vU Galvaniche (GN) VI~'1nl'iVl~~vUnl'in~n~v'U~ltJ(l~vv'lbn~v1'U.xtJ'Iu50Am'i 

LtJ'UL1m 432 ~lhJ'I 
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-

100 

......55 
___ CS 

80 -1 _ 0 - -- 

~GI-~ -+-GN 
..... 60 


'" ::s 
.... 
~ 40 , 

0:::: 


I 
20 t· - -- ----- --- -- - --- ------

)( )t"'" 
,-, ~ ~ ~ ~~~ ~ ....--..iII._.........&
o~ I.-&-~_~ m~... .:.to 10; --.,.---_-_--Z-M-lY.O-~ 

o 	 48 96 144 192 240 288 336 384 432 

Exposure time (hrs.) 

~tJ~ 18 	 ltJ€Jil~'U(I)vr'U~~1~i1ml'Ut'lU~llV1'1tJ~lnDU'U~'U'I1'U~'16'11~ 't!V1 Vi~'1vhn1WWI6'I€JU 

nl~tlVln~€J'UJlltJ~~elel'lln~el1'U~el'ltJ5U~nl~ltJ'Un~l 432 il1~'1 

6 . ~':itJ~fln1':i:;);ijtl. 
1 VI tJ ?1 d, tJ lb ~1 '11 'U:;);ijtJ d 1JI (1\' II U'U 'l 1 'U U':i ~ ~ ,1\>1 ().tJ ~ ~ 6'1 'I fi "lJ €J '11 fI ~ 'I n 1 ~1~ tJ ~ 'J 1 '111 1 VI tJ i1 

v 

~ltJ~::; lBtJVI~'ltj 

6_1 '11'Ul,ytJ1J1~1,xv~'Ull l'VIfll'U1~8'1lUlfl~€JU Galvaniche t'llm~C1tJ~::;tJn(l)1.utl'IJ ~''U~1'U, 	 , 

bVi~n1f1~'l6'l~1'l l~elU€J'ltl'Unl~tlVln~el'U 1V1mil"l'jl~el~1'1~'l ~'U~1'U b-U'U u€J\>I6'lm ~H'l1'U1'U'IJ~nru1nA 
" 

~ :; .J' I 0 oCi 	 Co...... CIt. d 0 ~ ~ 
'U1'VI::;l~ 'VI'l'U m~'VIVI~€J'l\>l eltJelVlfll~'VIlm~'1lUlfl~el'IJ Gavaniche ~ln·:n'Ul ~ tibVlUV1'Vl1 nl ~ 1'1 m~llQY'll::; lVi~ n, 

lbtJ'U m~nld"i'lmnnl~'1l'IJlA~el'IJu'UUtl\>l6'lm 1'U~dMbb6'lVl'l1~l't:1'Ull nl~'1lUbfl~el'IJ Galvaniche
\.J ,,, 	 11 

?11md"tl 1 ,x~h'1l'IJ~i1ml~t'lJlb?1~mbm'UU~llru~l tJ'U ln~tJl i1"1l€Jni1~~ Bn~'l~l bA~€Jui1ml~Ul'l. 	 , 

?1€JVl A~€J'ltlU tJ~ nl~i'l m~fll 'Umru'v el'l lVi~ nu~'U't!u 
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62 n1~?imnLu~vuLVivumllJVhuVlllJnl~nVln1B'U'UB'l~'U,nULV!~ n':h)(fI?I m~'l 3 'UUVl 
" 

b(l]LLrl L V!~n~U~'ln~~LLuu~u~B'U~llU (Galvanizin~) LV!~n"llULft~m.J Galvaniche LL(;1~lV!~n"llu~'ln~~ 

bLuu1'Y'lvh (Electroplated zinc) 1-um~1.Jln1I'1LV!~mJ1Vl~L(;1'UB'le:hllVltJ ((I]lVmll.dl~jjml(;1~ 

B'Ulmlnhlln U(fIVl ?I~. 1'Unl~VlVl?lBU) LU'Ull(;11 1 tJ l (1]LL?lVl'l1,;'Li1'Ull ~'U'l1'U Electroplated zinc, 

lJftll~~i1'UYIl'U(;)Bn1~nVln1B'U~1~"Vl lVlVlJft~lU"U~llVl,:mv~
\J 

21.2 % ~l'U~'Unu Galvanizing li 
, 

mlU?I'UmLVl'l 2.5 % ~'l'Lh~mrunl~l(1]':hBlVnl'lH''ll'Uv~Bv~tJ~~mru 2 tJ 1'U~1'U-d~'Unu 
, \J 

v .-

Galvaniche 11'U jjft~lU?\U:WllVl'llnVl~'UlY;tJ'l 0.3 % li1,nr'U~'l?\~tJb(l]ll n1'llfl~BU Galvaniche, 

?llm'lCltJnUB'ltJllV!~mllnnl~ nVln1m.Jll(;1~ lnVl,'-u:wMBV1'llJtJ~~~Yl6.fll~~?I Vl l'U 3 n~:W~'U'll'U-d,, 

v 

6.3 m~YlVl?lBUftll:w~h'UYll'Um~nVln1 B'U'UB..j:U 'U.:jl'UlV!~ mft~BU (I]It.JnlW~ 'U(;1~ElEl'lln~ El(fll~m(fl~~l'U.. 
ASTM 8117 liflll:W?lElVlft~El.:jnu~Yhm'lYlVl?\vul'Um'lVlml'1l~B1J1Vl~l(;1 n~llfiEllV!~mfl~BU Galvaniche li 

ml:W?llm~Cl~l'UYIl'Unl~nV1n~El'U~~.:jnll lV!~mf1~VU Galvanizing ElUl'lL~'UiV1 lV1t.J~ ci1vnmm'l 

YlV1?1ElumUl~m~Vlml'1(;1~Elv..:Jln~B~1'U1tJ'Lh~mru 200 il~..j Ll(;1~ 300 il~'l lV!~mft~vU Galvanizin~ limlu 

i:\U:WLLVl.:JtJ~ln£ltJ~~:Wlfil 2.5 % LL(;1~ 5 % vn~,hli1u l'U'Uru~~lV!~mft~Bu Galvaniche bJ1JmlU?lu:WbLV1'ltJ~lnD 

LL(;) vU 1..:J1(?]V!iA'..:Jm~YI(?]?!BULtJ'ULlm 432 il~'l ~(;1m1~m~lvll1,;'tJ1~mrum~llil"h B(fI~ll1.:J 'nv.:J °L.l~~Vlml"\~1~B~..:J 

ln~v'UB'I,;'mtJ~'tJ~n1~lVitJunu'U'mJ1ml"\bV!~mJ1Y1~l(;1 (Lower Deck) lJrl1B~~tJ~~l-llru 45 bVll U(;1~ftll:W 

~l'UYll'Um~nV1n~B'U'UB.:JlV!~ mA~ ElU GaLvaniche mvlJ rl1?1 ..:JQ'I 3,000 ill:W'll'UU'J~tJ1nll'1G'1~ElEl.:JLn~ El'UEl.:J 
" 

VirntJD'tJ~n11 

6.4 lm'lnl'll ~tJ-dl(1]11:W~ lLU'Unl~l~tJlV1£Juftmml'Ul'1 'U1Jl ~VlYlAl'Ul(;1V nl~lft~ ElutJ 11(;1v!~'UEl.:J, " 

?lm'tJ'Ul ~tJlrtv!~LL(;1~l?lV1 v1Alrt,m~ru~V!11YltniA'tJ ~ 'In EllVi LnVlm~tJ~~?I1'U.:Jl'ULL(;1~m~L~ tJ'U~m~vll.:Jl'ULU'UVi:w , , " 

ElVl.:JltJ'U~~UU l~Elm~?\~l.:JEl.:JA f1l1:W~Yll.:Jl 'IJln1~ll(;1~m~tJ~~tJ
" 
nlil1oUl'U[11ftEl (il?\lV!m~:w tJ~~?lUn1~ru LLrt~nl'J 

• '-I 
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~(ilJ'Ul~mJm'l'l'(Jv-lfl~ lJl ~8~1Jl 'inflLfI'i-lfll'it1 l tJ'U~U;)l'U~lflru1'Ufll'i~(ilJ'Ull tJ 'UI'! 'U~ b~ 8l'(Jlrubtl'l'l1:;Vll~till'U
., 	 .-.J..... \l 'V 

fl1'il~mi,(1:;~(ilJ'UllVlfll'Ul"Vfl1'ilfl~v'\.Ji'hl~VI:;li,(1:;l(1(il~vhJ, 

'" .
7. 	 t:J6'l6'l'W5 

7.1 	 v~rlfllllJ~V11~till'Ufl1'i~(ilJ'U1ll~:;'\.J'i:;tJfl\>l1oUl VI~ fl'(J'\.J "m:;~fllllJ~l'UV11'Ufl1'inl'1 fl1v'U(1~
'\I " 	 \J 

VlUl8-ll'U~'l1lt:J" fl1'ii~8hJ1'ifLJ'i:;18'(JU ltilLLn .fl1f1-r;) .fl1ALvfl'(J'U LL,,:;'\.J'i~'(Jl'(J'U~?!'Ul,,,,tlhJ ~~v-lfl1'i 
~ v 

1oU"ll'U l VI~fl'1l'\J""lfl:;m'U(1.fl1,):;'\.J'i'itJlfl11'!1fl~J1Vl~l"'(Jv-l'\.J'i~lVll'!lVl8 

7.2 fl1'iloUl1llJL(1'Um.m-ll'U1'U~th~'(JlJi'(Jlfl1'i 1 flf-l:, The 7th Thailand Metallurgy 

Conference (TMETC) - Krabi, October 2013 L~v-l Influence of hot-dip coatings on 

mechanical and corrosion behaviors of stee l bolts 'l1ll?!VLl'\.J'\.J'\.J'i'itJ181(iltJ 5-U\>l lfl'UVI"l~ 

7.3 	 fl1 'i~yjm-1 t:J~"l1'U1 'Ull'i ?I 1 'il'(J 1 fl1'i'i~v1'\.J'U1'Ul'(Jl~ - v~ 'i~VI')l-l fl1'i ~'U~ -l1 Vlll'i?!l'i 
v 

yj'\Jl'irul~yjm';-
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