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,,\I;S'I'I_,,,\CI' lhc waste It} lhc q'I,_UI-X facility ,,``hurt it '.,``'iiibc acidil'icd

h} Ilo 2 M hydrogen ion .collct2oll;l[.;,)ll (11") bcl{)rc lhc

TItLllZ. '" prt_c.ssing of ]lant'_ml Site waste will utilize traJtsuranicclcmcnt,, arc rcrmwcd.

pt)ienli,lllv c_rrosi'.'¢ acid fluoride pre)cussing st)lutiorls,

Al_lmq_riate ccmstruction material.,, for such a prt)ccs.,,ing The COtltCllts (lt the indi``'itlual DS'I'.,, arc str:till'led and

Iacilitv need lt) he idcntil'icd. Toward Ihi.,, objective, include ,:lvatict,,_q' cj_mp()sitiorl.,,, .,,ohio of,,_hich atrc high ii;
candidate stainlc._s steels and hij:h Ni-Cr alMvs have bccn I'luoridc (Ii I) to'.e to_" ._1). Table l shm_s lhc v'ariation of

corlositm tested iii steel',lied acid Ilut}ritlc process solutions the obscp,'cd NCR\V ,,``asie ¢olnpositicm in ;I L',l_icai t;mL.

at 333K. "]'hc h ,:,ii Ni.Ct aNovs exhibited cot rosi{m rates ;is l)cpcnding on tlm rclati','c amcmnts of I]uolidc and I]uorklc
It),,,, as 11.14 mtlliv in a s(>lutitm wilh an 11I: ;icti,,'itv oi abt)ul complexit/t.t agent.,,, stJch as boron, ;litll|lillUlll, illld zirc(mium.

1.2 ,'3_J,much Iov,¢r than the 19 Io 94 Ii_ill,'v ()bsc.'lwcd for these cotnposiliorl:; nlav produce very corro.qvc sol,Jtion_,
ausicr:ilic Sl;lirllc:,s sLccis. /\l a hv,,,cr IIF activiiv (nbout ,,,,hen acidified. 1

(LI)US M). stainlcs,_ steels di:;phlv delayed Im._:;iv',iii,_n while
hieh Ni-Ct alhv,'.', di:@aLv c:_.,,cntiallv no icactiorL. Bccau.',e some of the poter_',ial solutions alc, I'd,.:hl',

ct)rtosi``'c, \Vc2,_LilI!Q1c)LIS,,.' l larll't)id CIHIII);I[I'¢ h:i._ initiated
1 IN'I'I,:OI)I.:C'I'I()N C{}llClSit}llstudies of cartdidatc TI_I..IEX l}roccssing l:htnt

aiM','.', ai Pacilic Norilv, vc:.;_. Lal'_t)rah.)m 'a for lhc L'.S.

The 1 r;ll>,ulanic [-xir;ictiorl (TI,_UEX) proccs.,, v, iii lm l"elmrlmcnl of Ivncrgy (DOE), The imn,mdiaic objcclive c,l

u.,,cd at lhc l i;_nlord Site lo SClmratc Iran._auranlc (']'l;_ti) the invcsiig:ltitm is the rcducticm _:f the nuinbcr of

ClClllcnts IIOill I;Idit)activc liqui&siurrv _,_.qc:, t_ l:l_',ducc calmlidaltc plant illloys, u.sin,g tllliJollll corrosioll under
t',',_ ,,,,_lsl,...s;ic:;_m_.,, li is anticil:ated tidal the .,,m,lll.,,'c)lumc cxpeclcd 'I'b_UEX clwmlcal procc,,,sin_- c_m,.litions ac, lhr:

"I'I¢.U ,-,ire:lm ``,,ill CV¢IIII.IIIIJV lie i_c, ces.,,ed intt_ eials.'.;at lhc criterion of _,``t)itt_. ']'he silllul;itcd pmccs:; soltitiOllS used ii:,
I I,_l;t,,rd \\';:sre \'ltril'icali_m I'la_n_(I i\VVI",, an:l the I;_ec. lhc coflosi_m lost cr, vitc, nuvcnts (Table ..2I) cover lhc :Jppcl

``tlJuliw. In',n.Tl,_l.' stlealu ,,``ill I',e imlu(flfili,,.cd as .eI_ul. ialn;!c t)l' hvdrt)l]uotic acid llctiviliC,', expected ft>l the

'I'RUIT.N pr{wcssing solutions. Thcv (,,\ and 1] T,d',h., 2)

"lhclc aic three prineilml t.\'pc.,,<ft liquid.slurrv wa:,tc, ``_clc cht).,,Cl'l [(i iCpl¢.*;cIl[ ;iN cxtrclnc and till il_lcrlllcdi;Ite
;Ib,,I i.'aillcd d<nll_lc..',hc'll I',lnk (I)S]) WilML:, [(1 I'lC i_rt)cc.'.sscd: c_ndition o1' UXllCl.'tud corrosivitv. The results of ihu._c
tlCUll;llizu.d cl;Itldlllt! ll.'rlltw,iI _``iislc (NC_'ItV,'), con_l)lcxilni inili',ll tt.:sl:; ````ill allow u.sli) J'c)cu.soil SlW.cilic ;llhws in I:llc;,
i.'t)llJt.'llllillt., 'A',isle (CC), all)tj pltliOlliUlll Iini.shing phlnl ````astc lllorc c'onll)lchcnsivc tesiin.t:.
(I_[:P). \\astm l:lt)ccs,dng iilcb, ltlc._ clihitl(m illltl li",lris[igl of

"lLicific Ntllth_csl l.;li_l;i,llt_p, is {)l)ClHtc'd Ilv Iklltcllc ,\lulnl)li,II lll:,litlllc.' I()1 lhc 1.J.S.Dcpartlncnl t)l ]-ilcl,,y under Ct)lltl,lct
I)1:.,\( ( o. ,oI_l.O. IS3t).



'l',,%l'_[.l'_I, Ctmcentraltitxl (N._I) Itatne,e For Nonlalditmcti,,'c Nlcl.atu_illin (19Si))* stud!cd a ,series or'30.11. _md high Ni.Cr
, Specie.'; iii Neutralized Claddillg i_,_.'nlt)val \Valslc allhG,'s (ilicreasing iii Ni +Cr content fronl 3(i.1I. to Inconel

I'rtml Tank l()3-,,\\\" (,71 ) iii ().()1 ,\l Iii: + 1() N1 11NO.I ;Ind (),I() !/li ]: + 1() NI
11N()._ stlluti()ll.S atrtcmpctatutcs tip lt_ .1()3K (I 3U"C), They

(..'tlllUClllriltiwIi1 Conccnlrati¢m IllL:al,_tlrCl.I al lllillilllUlli corrc_;itm rattc¢_l';ihout 25 Illp!,' all,

SD.'cic Xial'/inlum ,\linimunl 373K ill 0,01 al IIF to 1(),",1 IINO._ solutions, filial
c(mcJudctl thilt tilt.: I{I: concentrali_m llltl:_t rellHlill huhlw

N;I 15.9 1.08 (),()1 NI I't_r th,..: _flM','s studied Lo Ive useful iii stUuiitms
AI " "-.3.> 0,0010 similar to 'I'RIJIEN test solutions,
Zr 1,79 0.(1(}13

Cr 0,3,'-; 1,8 x lO s eN numhcr of investigators including Nlam,,.'.';s(1959, '1
K ().59 0,()5() 19¢_.1)'_ Ncv, hv and ][off man (1')(,7," these have been suln.

B {).12 2.8 x 1()'_ nl'arizcd ILVCole 197,1), '7 illld lllt)le recently Ondrcjcin and

Ei, (k.17 (),(ill _lcLiltlghlill (19£()), have shmvn lilat tile plcscnce tri' Inor;li
CTi; (l,()IS 2.3 X I()''I iWpll,v, such als all!.lliiilltllii iIIld zirconium in the acid IlmxJdc

I:_.: (l,(i21 l,g x 1()'_ stUuti_ms substantially reduces the ct_rmsiviiv _1" the sulu.
,_lll 9.8 X I() _ S.8 x l0 s ti_ms, The reduction iii corrt)siviiy was ohservcd icir 3i).11.

f: 0.2 (),()02 _lnd a scrics t)l' higher NI-Cr ;,llh))':;hccause lhc.';," met;li ictus

CI (),IS ().()(),l (,i.c,, AI ,,t Zr_..s) lllt)re stmn,e, ly clmlplcx the Iluoride than
C() I (),2h ().()2 tit) the ;llltl_,' colnponcnts and rcduc¢ the Ill ? actb,'ity hl lhc
NII_ i),()21 (),()()5 stllulit)ns, This is ctHlsjst¢llt v,ilh the v,ork of llalmlncr

NO., I,.lS (),()17 (1979), '_v,ht)dctcrlllJllCd lhc duglcu to ',_hich lluoridc com.
NO t 0.14 ().().|_ plcxcs cl¢lilcllls such ils zJrcoliJUlli ;111_.1alulninum Iii acid

C)l{ 1,95 0,57 flut)rid,..: solution airconccntrathms and Icmpcraturcs similar

SO. I ().()I,I O.()(,iO lt) Ih,,)sc enlph)ycd ill this study. A silnplil'ied rcla_tkmship
based on ]lanlmer's _ork is given in cquaticm [1].

T,,\III.F. 2. (7onllx)sithms til" "l'RtJlzX l'roccss Solution F I (1 - N,,JR) = [I 11711N()._] x ii INO.I ] [1]
,"JilllUlallllS

wllere I_i is llle totiil l]til)litle t.'tvlccntraltitm,
,'\) 2 hA.I1,",'©._

2 X./INii l: iN',v ix tile ;r,,cr;ige lltllllbt.'r ()[' l'lut)l idc it)ns ctmll)lcxcd
11F -1.2 X_[ to lhc lll¢l;ll it)ii, ;Intl

I_,) ().95 ,.k.lI: ;ix Nal: lt is tl_c ralit) til' Iotal I]u_)iiclc ii)li t() h)l;il

11.275,\_ Zr' i ,is 7.10(,N()._)._.2112() t.'t)llil>lcxillg Iliclal i(in,
().l).15 ,\.__liSi ,.i a.'4X';i,Si(.)._.91I,O

i).lll ,k.JlJ+_ its I l._l_J()._ S_flulh,n 11,with ,l ll{)lllillal I;iZr lllli_) (It)_11'(}.95,.().275
t).2h3 ,%/CI as _';1(;'1 :::-.3,,15 iilltl Nay aix)ui 3..i2, Ilas ali Ill ;' nc'tivii)' of ;ll_<)tll
I I X'()_ tt_ ol_iilin 1,5 ,XI I I ' (I,(l()H ;_k.{i II.'. The I1F _ictivii), of s{)luthlil tX is iihoul 1.2 :'__1i ii..
I[1: -().()(I,q ._\_1 lit!ric.c, the activity t)l' Ill: in sl)luthm ,,\ is ;llX)tii lilt)tilllt,_,

lhc. activhy til' I11: iii soluti_m IL I1' Iii" is lhc I)rhlcilml
Uilil't)Siilll ii!'C11[ iii li_t_'Sesolulit)llS, thc,n solutitill ,'\ sht)uitl

I1 II,.XC;KGI_,C)tJ>,'I) I_c IIItlch Illl)l'C eilll(lSiv¢ lh;Iii xi_ltilit)il I{.

III:-IIN(.)_ sllluli(in:, tilt t'()ll_xivc 1o ;iii ntul-n_ll_lc 111 I)I{SCItlIq'I()N ()I"C()Itlt()._I()N S'l'tll)'l'
ii/ct,li allhlv ,<,_<_tclns."lilc high Ni-(.'r allm"._ (c._., ccrtaiil

ila;,tclhi_x' and Illct_llclx i') shtiv, rcl;itivclv h)_ L'lllrt)sil.)ll ']hc i)lCXClll t't)ll()Sit)ll stud,,' v,ils t'iilrictl tltll II.',illt'

talc:4 ;li h_ II 1: t'l)llCC'lllrali<lns {< 1.() ,\.1 III:) ill the'xc x(>ltl- Tt'll_m c j;ilX with ii t'aliilCit )' o1' li.iii)2 I11"1 (2()()l) Illl.) Ill,well
li_m',. 'l'hc C_lllilsi_ul l lilt' inc_c'iiscx _ith II1: c'tHlt'c'nll;illt)n, in ii 3]._1._',_',llcr Ixllh. "l'cl'loil t't)lltlCllSc, lS c'_lt, lldL,d al\wt

c..l.,, ii 1'/- II1: ',lchlili_m I_) ii ..()., nilrh' ;it:irl sl_luli(ul lhc St'lUW.l_n Ibis. The Ct)lldCll.,;Cl.'4illh_wcd VCllliill.{ _li" tilt

inclciiscx lhc ctHIt/.,,il)n lille i_1 the I lastclNivs ;li ._5}}'_ jliis to lhc atlllt)spht:lc'. _vhilc l)lt.:vt.'lltille, sii, lliliC'allt v,att'r
{,.,'-;ii(') l'l_Uil l i_> Iii inlty I,i 3l)h_ .lilt)inlaY. l"uilhc'i a<ldi- h_x._. ,.\l Icasl 1.725x I_) 'i Iii (125 llll'.) t}l s(_ltili_ll pc'i
lilllp, rc,,ull iii _,lililllt'l int'lc',i,,c's2. ()ndlcjcin alld h.,15 Clip" (.,4qUalCiilcil) t)l' .stil)liic' !,cd Ilic'lill l't_tll)<_n ',_,iis

'_lI,i_lcllcw is ai Ili!clcllllilk _)f II,ivilc,s lnlCillliliollal ("t)llllianv, K(,kt_lii_, ]lltli,illa.
IIlic_,ilcl i,, ii Illitlc'iii,ilk til lhc IiiItulllitil)na[ ,",'ickcl (.'tuiill,lll), Nc'w Y_uk, ,N'c_vYt)lk.
<'lcll_m i_ :i ic!,,ixiclcd Illi<lt'llllilk iii I)ulxUll dr, _'t'lll<ltil.S, ]no.., \Vilnlhlitl_m, l)claw:lic,



pl,,c_dh_ each j',_r.Nine cuulxm.__crc huiL_on a "l'c(3un Durin_ i.h_tc,_t,_n _t>diulnInct;ili'luotklc,qculc

.SltU,..'inlcnrackinthe j;ir._(3 c_miplutul)..,,ul',nlurqcd,.Ih_ilr (dc:_crihudin lu(_iud¢lllilin lhc next scclkm) tcndud lo

._ulvuur_cd,;_ilcl3 huiIBin Iliavllp_rfill,fsc).This thtcu- t'_i'in_m the c_ul_ms and adhcru ,,,,ithvarb'hl_clc)_rccsuI'

cnvilllillncnt tc'st c()V¢l,<,lhc r,ill_c til' ;icl'vlcc c't_llclitillllS Iii lc'll_l¢iLV, "l'hc tl;il;i included iii l:i.14ulc 1 wclc iilkcn _it ;I
_llich ,i ill,llcii,II lili_jIt I)c.'C._l)(i,_cd _l._ii Ctlllll)tllllJllt ()1' ii l)tlint in tlic test _vhctc lhc scale itl{'[uctlcc wtu; t_clicvcd.'+till
c'llcinic'ill l_i(Ic'l.',<,_iil7,_)'slcill. Illillillllil (i.t.',, illCOillIllctc t.'<.)vcrli_c iiilcl ii(lillitlhcrcnt), til

SI)lllC CIISC.Sdescribed I_ltc'.rin this section, Lhc ct)ul)olls o['
I(cctllrl_til;ir ct)rrtlsitln ¢()Ul)OllS _Jtll nt)lllhl;ll (.lllllCll- Si)lilt alloys were virtullll 7 ixlssivutcd [iX the so;ilo, Table 4

sion._ irl' 3.,SI Chi x 1,27 cmx 0,1.'5<.)cre, with _i 0,(i.l till hole lists the allo$,s plotted in l?i!_urc 1 and thu lun_ih o1' lhnc the
iii lille' end, were tlSC(.II't)r tllesc CXl)criNlcnts, I;._ich I.°(lU[)(lll (.'OUlX)nswere U×l)OSed m st)lution A Del'ore lhc corroshm
w;Is c_lrul'ullv _vui_hud (til lt) .i i.{) iltld IllU'll_tll'Cl.I (til rlllc v,'llsdctcrlnined, Intcrl'crcnclz of thu scale in ;iccurillcl),
2.5 x II) ''_cml prior t0 tillrr)slim CXlXisur¢, l:tfllowinLJ clich dclcrlniniilg wui_ht chlill_U occurred carl)' in !,csihL_ for
CXlXl._urc l)¢ri(xl, the c(lulxln.';, _Clc! clircl'ull)' rill._ctl in SOtliUalloys lind inuch later t'or othcr._, The stainlcs._ steel
dcicmh,.cd _viltcl, cth',u_t)l, ;rod oil.l'rcu ;icctt)llC, in thai ortlcr, tc'sis v,'crc run I'or ohi)' a shf)rr lilnc I)¢¢;Itl,_L'.Of rapid
l])urin.l.t the rin._in_, c;icll c(ItllXlll ._tll'l';ill.'¢V,'il,_hlu,_hc'tl with ctlrrositm in solution :\,
a silt'l, hti.xtlc hrti.,,Ix t_l rcintlvc! wc',l!<l), ilcll<i,crhl_ Ct)l'l'tl._itlll
scale, The r¢lm)V',ll of the so;lie w;l_ cOlnl)lctcd tisin_ ii Initiclll),, inconel ('$71showed ill)()tl!, thu S;lllllz unil'olnl
v,t>c>clcll inll)IclilClll, [)tit ctil'c ,,v;i,_t',|k¢ll licit, t(1 [\lrc'cl'tillv ctlrr',).c,it'lll ri;tc lls C._2 ',li<iclO.]0 hl st)ltltiC)ll /'%lit ._7]K, [)Lit
_il,t;icl_."tllc' Inmi;il ;,urf;icc, /\vc'l_l_¢ uniforlll ct)rit)._itlll r;llcS Sl)cc'hll¢il._ til' tl<ii._ ;illo)' ;ind the othur li<iCt)llcl.,>(c×c¢lll
_.'lc C()lill)utcd ll()lll lhc lllC,i,_Ul¢d IilliC ill the ctlrroslt)n lt<it.'(lllcl (i]._) _otitl dcvcltll_ctl iul acll<icrcnt colroxi(ip, sciilc.
Cl<ivir<)lllllt.'ili, lhc iiit_';i.'_Ull.'tlwci_hi ch;iil_c', ;llltl the inili,il :\I_lctilllol.tr'<llfllic c'X;llllilllllit)ll showed th:il Inconel 671, (')17,
t.'tlUl_llll .xUlI;iCu' iifd;I, ('t)l'lt),_i()ll IHlm;',_c'l'd II(li c;llctll;ilCtl iilltl (i_)()wcrc i.lildcr_oiil!_ illtcr_rlilitil;Ir (.'orr()siOil I)ui tr) till'.
Iit_lll Ihu _c.,i_lli chliii_c tri c(lulx>n_, lh;it hlid ,'ii.l.tnil'iclinl I'clcnt tlcgrccs (soc l:i_uiu 2), The il<itCl_rlinul:ir il._llCl.'t (li'
ctlrl(i.,_i(lll ._c.';llciiclllcrill_ til thcill til;li c'(itlltl Iliil I'lc, ull._il)' the c()i'ttx'_hm liroc'¢s,<>c.'_()11these illlub',<iis illtich nl(lru hi_hl)'
It.'lll(l_,l.'U, ,IS dcscrihud ;llx)vc, dcvch)l)Cd on Inconel dTl th_in (':l lllcon¢l li(J(),

l(iljhlucn c';illdicllllc ;llh)v_, _'lm i.'h(x_un to c'()vcr the C._cil'l(Isitll<irates I'<)rlhc high Ni-Cr ,llloys iii s()lutilm 11
rllilgc, ()f il,,.;lil;iblc Ni-Cr allc)vs Il¢llll 3ii,li+ (2(/,"e Cr +Ni) III iii 33;IK (Ililt sho':,'ll ill ]:igtir¢ l) wl.,r¢ gc'nc'r,lll)'
li<ictmcl GTI ((J¢J..l'_: Ct-i-Ni), :\li ¢OUl/On,_I<i;iclii si_ind;irtl <l),()().l IIIil1,')'1" ((),1(i nii))' ), The stlihllcss _lc'cl._',(;().11+,31)uS,
l n_l)._riIsliiltl_.'tl I'inish ;llltI _At:ic I';ihiic',ltud I'1()Ill SI(I(L_hllvin!.{ 33i)S,S _illcl 3-17) cxhillhcd dul;i),l'd l')a.'.islV;ilit)n. 'l'hc')+ iillltlT;il-
ccrtiiicd colnlx_,iti_m.<_('l'ahlc 3>. t_) ct)rlt)Clc al I'ilt(L.'.iit<ithe r;ln_c o1' lt) it) lilt) IlllllJ)'r in lhc

i I'ilsI hotll _ilicl lhcli (Itiickl)' slow down it) _llX)ul ().()1 Illlll')'r
I\' ItlTSt;l.'l'S al'lcr lt)0 Ii, Altor a l'cw htilltlr¢cl n<it)ilzht)ui_, thu ._tnil<ilc,,is

steels uxl<iil_itcd c'c)rlosit)n i;itc's ,_hnihir t_) thl)sc tlb._ur\'cd l(ll

i :\, ('oll()._ion lt',ltu,_ tlw. hiTh Ni.Cr alkl)'s, lt wlls ifl._ tli!.,ctlv'dttJtl tilat tclnc)vin_
lhc sl_iinl¢,_._steel (.'(lUllt)l<i.,iI'lOill .,>olulion hl I(ir illl_.'lhll

In !tcncl;il, il _i:_ (ll)xclVCd ill;it the V'dlltll' I_h',i,_c' c'(_r- ,_ci?,hin!,_ I¢:itllic'cl in lia_kivation. 'l'hix I_l_,c-'tlttillc'tl<_ili._._till
; i(_:,h>n _;ix ilc_li_il_lc c'xc'c'l)l I'tlr vclv xu._ccpIilflc Illilit.'li,ll.'_ tllldCr invc'_li_iti¢)n iilltl ii(lc"4 Iltit iiltc'r lhc' (_vct;ill it.':,tilli ....

I :_u<h ;Ik ;iu_,tcnitic xt;iilllc'_>_stccl,_ t)Vc'l s()ltllh)n ,,\, "l'h¢ .,,t;llctl ;ilvlvc,,

hither Ni.C'r nllov.'_ tli._lfl;i)'ccl Iitik.' t_.'iic'tit>n iii the Vlilltll
" t_h,l._c' ;lh()\ c the ,_¢)ltiti(ul, cxt'Cl)l f()r ._imlilic,lnl inlCl.t41;inul;ir "l'll¢ llhc'n_lulcil(In til'dci;ii'cd lXi._.'>iv,lli_vltri lhc ,lu_,lcni.
i cl_lit_,itHi t_il Inct_lll.'l (ii? ;ill(.I .ktlliic, c'ndi.tl,lill ifittin!t (_ll the tic' _I;iilllc'.'_ ,_lc'¢l_ i_ illu,<,ti;llt!tl b,,' Ih_.' (I;iiii iIh_ltud in I"i._t-

(itllc'l ;ill(ii:,, _ill ;il)<l_,t.,.._(llulit)il ,,\. ,,\l_it), llnl Si!tlliliClilll Uic' 3, "l'hc' Io!4 (wci.14htIo._six.'r C'lli_ tltirill_ the lil:,l ._()h (_1
;litnck v_,lk t/l_t'i\ctl ;i._,_f)ciaictl _iih the li_ltiici ii<ilt!ll",ic'c'. Ic!,x._(ft' ic'._t) i._phlttcd il_ ii fUllCii(_l<i('ii' the (;'i-i. Xltl ct_l_t,.'.llt
'l'lli._ icll_lil tlic,ic'l(llc_, c'(inc'¢nll_itt_,,_t_lllV (iii IC._;tlll._I'itllli lhc It)r I_)th .',lnin' ,_tccl.__illtl ,_tllill.' llf lhc llil{h Ni-C_'_;ilh))._
I'ullv ,xtlL)il<ic'l?.c_tlc<_tilxm_, l'or i.'t)llll)ill'ik(Ui l)Ulin!t thi_ initilil i)c'li()(I, Lhc _xlril),,,ion

i,llc._ (li' lhc ;_lahllc._s _lt_t'l.'_ ;irm ihrct' t_l Illt_lc' t)ltlc, i;_ ()1'

' (.'(uit).,,itlil I;ilc'k in ._tlltltit)ll ,,\ tit {t._JK tl¢c'i_.'il,,c'cl ill;I)ti/iltitlc_ ._rc',lt(_'rrh;in tll(_.' i.'_l)sC.'lVl.'tlit)i ii<lc ili.t_,ii Ni.('l
: I(_;iliihillic,ilh, ;ix rh<,Cr-i+._I_ C(_lllCnt til' the' iilhl) inc'lC,.;i_c,tl, iilhl)'_. /\S iildiC';itt.'l.l _llXlv", ill'tc,r tlli,<i inili;il hi._h t'Oll/_;il_il

'lhu tlc'Clc'_i,4c,of lhc c'()rlt_._{t)n r_ilt_ w_i.,,tltlilC clillin_ltic _l.', i)uliud, the t.'t'Hrt_xit)l<irlltt.' I\_, the stilil<ilt'ss stc'c,l._clit_l)_ tl_ n
ttlm L'i t-.kl_l ctullcnl iilcic';i!,cd Ilt)lll ;llxltit l_'_' t_l .]._+._.. c'(_li(l_itul i;llc'. COilllXii;il_lc! til rh,ii oi' lhc hil4h Ni-(."i alh_)_,
"l'hu illc'_i.,,tll¢(I t't)ll(_it)ll i",11¢C(lllliiltic,tl 1() tlc'mi¢,l_c'. _ilh

illcl¢;ixili: ('i-t-,kill I_c,,,'(>llcl2.4,_-I)ul with _i ,_i!tnilic;inlh 11. _lill;it'c.' _c;ill., iilltl I:i!in_
_,_l.",it.,c,itlL,.l_c,ncll,llCt.'. 'lllc.xc' Icnullx _ilt, .Xtlllllll;iri:¢tl in
l:iduic' I. l'h_'lc' _illl_t.';li i_) I_! I_tl lic_ild.x, ;i.x su!!tW_,_lc,tl I_,, 'l_,_ll Lin,l._ o1' ._lill';icc, ti:;l'nl_,il_, I'l_iilll'cl (.luliil_ thc,._c
lhc' .,uflid lille.'>,iii the Ii!rUle'. 'lhu illh_\,, I(_ll_l_ill!t lhc' tlc'nd tc':,l._. ()iii., _,,i_ ii !,,rc't'n ,_,(';ilt: lh;it folllit.'cl ixliticul;iil) ' (Ill
h,i', in:, lilt ili_hcr _'t_lIt)sit)n i,itt' !tc'ilc'i ;lily ,li thl IIt)l ctlnl,iill c(_UlX_n', il<istduli_/n ,,\, In r t'il',iin ciisc;_, Ihi._ ._(';il,' mlhc'lc'd
iilill_l _llh_)inQ,t'lc'illt.'ill_, stit'h ;i_,c't_lll_c,l iiiltl lullp._lc'ii, til li_hil)' til thu ll.'xl t'(_tll_()li, 'l'h<' othci kind oi ._tlll;icd
I_) ;ilo, It'A_,ill t'hlt)lllitllll. ()ill',' i i;l_tc'lhlv ]7(] illl(I l l:._tclh_v deposit _v;i.,;;I _tilUllit.l(_il+lhit+k film I,IC'._t'lll on ;i!'ll);llt'lltl )'
('-.1 cii>ll_li I'il ihi_ ;llklv Ctlliil)()xili(in I),ilic'i ii. tit';in n_c'l',lliic sull;icl'._ Ihnl cllul_l o,lh' Ix" ch;li_ici_'i i:_._l I,,.



0 i,

"1",,\I'_L.E3, Ceriified Arl;llvscs of hf,,.:lal Ctmlx_ns (wl<b)

,,\ll_w ._C'r_2_ N'i .i- ,",li+ .t- ("tl l:c'+ Nltl + (?u + W NI+ + "l'+l -i. 'l'i + Si C" g I>

3tj-II. IS 9,9 71 li,II I),,IS O,()l (LI)li (),031

3-17 18 12 (¢J (),15 1,35 0,()5 0,()_)3 0,()29

3rigs 22 17 G() (1,25 (),56 0,i)3 O,Ot)1 0,1)22

F.255i 2(i 5,9 _12 5.31) 0,70 0.02 l),()06 0,018

9()-11." 20 2li ,10 5,81 0,40 ().01 (),()O3 (),(JIS

I,la', n, ,%l, 22 27 45 .I,95 036 <0.()1 (),()l 2 0,017
-:,,i) 'r

330 20 37 ,12 (),().1 1,18 C),(J1 0,(J05 0,017

C,ii p. 211 "4,1 .1(1 " "_-'• b.... (),,'J.l 0,112,1 I),()O1 0,1)15
21iCh3 l

lilt, 2.1 ,I.i 2S 4.5(i I.,IS (),()1 ILO(li
, .4

I I_lsi. 29 ,15 15 9,7l) 1,2,1 (I,()I <.lill2 (J,()(J9
(.J.31/'

I lll,_l. I1_ 5S 6,3 19,,11) (J,()03 <,0()2 0,t)l 1
C.2711

l lasl. 22 57 ,1.3 1(_,7() 0,00.1 <,0()2 0,()()9
C.22

. "1 ,I I;isl 1).7 fl(i 5,.1 ..8,51) 0,05 ();002 I).()(J3
B

Inc. _".._ (_ll l i.S 9,,I 5 0.27 (),()(i I),O()1
fll 7 ,,\1-1,2

'_J"1II ,_st. 15 (¢) II.(i 1.1.91) l) .... l).()()3 < .Or)2 < t).l)05
C-.I

lilt. 22 (i.I I,(i 8,911 3,(i(i ().(125 0,()i)5 0.005
_,25

lhc. 29 fll 9.1) 1),5,1 (),()l (),()1)I
llnl( }

Jnc. ,if, 5.1 1),1 (),39 ()+()5 0.()()3
(17I

II:c'lliiliUlll (255)lh Iliitlt:ln,llkc'tl Iv, I.',llll_lc.v ,,\lhL,,s l.ilnilc.'d, lltlt.:kiilghnlllShilcL I;(llgland.
:(.'ill_<_l (lllJ.ll,} i_i Iradt'lnlill, Cd by (',ilxll (."t)il)lll,lli_lll , l_kl)liiC), Inclialia.
_11;i,,ilc's.(2i) Xl_d.)i_ ii Ir;itlciliHik I)l' I I,l_,ncs Inlt'In',illt)nal, I<tlktlllltl, lndiHna.

i( ,ilrl_clltV I (( ",11 I), 211 ('b3) is Ililtlt2111:il i;IJtl b)' (';11 I'ic.'llic'l "l'cch ml<Ltty ("_)rlllH",ililm, Itcddill.t- l>CIIIl.';ylVlllliil,

"lm'_ll<w I lilt. $25)i_, ii Ilmlc'ln,ilk t)l' [nlc'lnali_mal h'ickcl C(llllI)lllly, NeW Yolk, New York.
"1 la,,Iclltw (I I,i,,I.) is ;i Ii,idc'ili_ll 1; iii I I,iviws ]lllc, lll',llitllilil {'OlnlXii_v , Kt)kt/lilt), Indiana.

lilc<lilt.'l (lilt. 11171ix ii Ii,ltlclmiik iii lilt, lnlc'lniilitmlil Xickcl Ctmll):iny,: l'N'cw "l'_lik, New '_l'tuk.



-- 10000 __ - 'I'AIII,I! ,1, Corit)si_m Italics of "NL_x,,'[)l_lnl ,'\lhDvs" in

' °iL_\ o_ Stflutitln ,,\ ni 333K . l,tniiimnl,_ i'_lr \"nluL'S

100 :--" 3 Cll_sun nmt Oiher (.)l_.,iervnii(ms
- 'l'c';I lt;Lie

: 7 9S\ Ti,,,c (ii,ii,v)1000 - ,,\ll_w _.I(._._ nlnl v C_lrnnluni<,

"_ 10 7- 3().11. 25 (.3fltN) "l'¢,_tdisct)niinued ill'icr

-- ] \o Hast, B 3()U,"g 9,'i (I<'I_()) "|'e_l tlJ_el)rliintiL!cl iii'icr

o" lO0 I:.255 fill (12.9). lt',ltc ifl'L,,ulvud h¢l't_rc lhc

Carp, 20 _ _)lnc, 617 0,33 I'orniniitul iii' nn _ltlhelenl
o 1,0 .---- .... ,_ Hast._Hast, C-276 ' c()lr()sJiln ,_c;lle,
o =,u,+L,,.% C 4 -
<-> : l< .15

"-" Haynos Mod,20 O_ Ilnc. 625 _ 0,7_

- _ "0 XI, 2() (),51 pilting,
Hast,G-30 O_ Hast, C.22 ItIISS (_6 (753) 'l'u;',t tliscl)ntillUed ',ii fl(i h,0,1 _ "

: 19

-- (:nrl), 2li 79,'-I (55,5) l'nlihcs til' sc',llc i,resenl on
" I,,I snlnlllu - nut t_elicvid tr)
" 1 I l I I t 1 ¢;1!.Isc _i sJ[ulil'ic;ini dcvj;ilJon

15 20 25 30 35 40 45 50 in r_lle,

Cr+ Mo (wt%) 39112069.2 Inc, _25 77,1 (liJ.9) Scc Ct)llllllCllt Ibr Cnrl)cnler
().51 20,

1:l(..]lTItli , ()hservcd Ct)rr_)sitm lt;ilo li1 Sl,lulit)n /\ _it llnl;i, 7%1 (5,7) ,_)nlc grnin I)ountlilr)' ntt',ick,

.333K, The VillllCS Illtliled ilI'U Lilkc'll l'l't)lll (']'"_() 0,1,1

Tnhlc .1. I lli.',l. 19,15 (.'I,1,6)
(7.27fl (),_X

I I',i,d, 7'iS (6,1) \"err Ii,1411il.lrnin I_tiund;il-v

illl_il)Ljc;il in_lrtllllc:lll_, ,_ul.'h;ISAtl,_Cl-h)ll ,\lillJng ;liltl x-r;iv C'-22 ,{),15 iitilick.
I)htli(lclecllo n SliCl.,il.t_!;C(ll)),(XI>S), ll;I;;i, 1] 7()-1 [2i)5)

5,2

The 71"eCllclllrt)._ion ,'_enlL',%_hich ndhcrud liThil $, I() lnc. til7 flh (,19,()) _Ic_i._urenle.nl Ill;tile I)cl'ole Ihe"3
SOIIIC Iii' lhc I.'tUll>l_ll_ (I.c',, tilt ]llt.'(lllUl._ (ii7, (i()(), llll(I hTI) 1 dcveh)liiilc'rll til' i111 ;Itlllc'll-HII

_iiltl I_l<l_ch' I_) _ill_.'is, w,-le iili;ilv/c'tl h v X.laV dil'l'rnclhlil lind c'()lrii_itlll sonic,

incr_y clisll'.'rsi<>n til' X'I'ilVS (tlt4illl_ ;I SC;lllllill_ c'lc'Ciltln ll;l_l. 77.1 (1(),7)
IllJc'lti:,l-'t)liC ), "l'hcsc ;in',ll.VSL'k JlltllcliLL'tl IIl;ll lhc _lcu'.ll Sc',ilc's (_-,I lbl,'\

'_,ClC I)rl.-'tltllnlll,lllily _i x(ltlitlln illc:llil Ilu()litlc (Nll./_\le.I;+,), Inc. fl7.5 i)_4.5 (15,(L) I',ltc'llc'S lll'sc;llc I)lCSt.'lli till
_here ,\le = Ct, l:e, Iklt), and NI, T)'lliC',illv either Cr ()1' Fe ()..1() ,'.;illnliI,J, ill>l llelll:vud to ciltl.'.;c
th)lllilhlll.'tl Ihe c'()lnl)il.,_jli,)rl tl¢lielldin!{ i)ll the c'(llllllOkilltin li .'_i!',llJl'ic",in[dl.,'¢J;ilit)n in I;IIC
til' thu illh_)' _m v,hich lhc sonic I'l)rnlid. lilt:, ft')() .iri (li)Ii) _lin_urenlunt nlntle Ix'I'd)le lhc'.

,I.1 tlcvull)plneni til' _lil i_dllerL,,li

li is _.'11 kll_lv,'i_ ill;ii .<;I,lilllvs,'_slut, h, _illtl Iii.uli Ni.("r coimsi_m ,,,c_llc,
;tll<ws tcntl iii ll,,is._jvlllc,in tlxklizin_ u'nvir_inn+el+i.<',h)' I'_llinln!.,, Inc. (¢71 Ifr) (7,Hl _lc;.l:.itllClllt:llt Ill;ItlL' helt)lc the
;in tl.\iclc' I'ilin Ihni ._rL'nll)' ictluct.,,_ lhc: c'(llill:;i_lll t'tlrrc'nl iilltl (}.2() de.vc'lolililC'lll (lr tilt ntlhc,i¢l+l
Ilencu lilt! c(iriosi(m iv;it'lJlln, u I]CClitl.'_l.'tri' the tlill'c'rence iii t:t)lltisJtlll sc'_ilc',
+tilltl_,ltm IL'SIIII_ llhP;el'\'c'd hcl',vc!l.'ll the ,_l',iinlv._ sleel._ ;llltl

the hiuh NI-Cr ;llhibs, illltl thulr ic;iciJt)ll_ Iii sillutJtln,'_ A ;ind
I], it _;is Iht/ughL Ih',ll there I!li_ht hc c'orrehlllnl.j tllll'erc'nct'.,_ c'tml)llll,'4 ',v;is eXl_t)se.dlt) stiltililln A llllcl tile olhcr h) _l)lu.
iii lhc, <_xiclL,I'ilin._ lliC'_,eill tin Ih,'ir Still'lice'.,4."l'llL'icl'ore, I't)tlr Ill,ii IL The ltnlr til' 3()-II, t'Otlll, ll'iS We!lc! I_qth C'Xl)tl,_t.'(Iii)
I);lil._ or c.i)til_illX v,c,rv c'hl_._cn lhr _tlll;icc,. t'v_llu;llJlln Iii s_)ltlli_)il IJ ilntl t)l>_l.,lvctl li)Iii.,, i)n:;sjvnied when ihu)' hnd
delUlininc lr clenll),dc, l'lnc,tl tlill'elcncc'_ _e.le. i_ic._c'ill. "l'hc I_<'c'il IClUliletl t_):;(flulhlll l.I al'lcr an Jlllcihn _uin, llin!_,
Itulr ii,ill. ,, Cllll_,ihtc'tl til' l',_,_)c';Ic'h iii' the Il)lh)_in.t., ,ilhlv_: (.'l'tllhH1 3l).11,-,<",()'0,il:;_c'i!_lled iiilcr I Illill III ,_()ltliit)ll I] ;llltl
(.',ii/iii _)t).ll., Incllncl _ II,i_lc'lh)v ('-.., _intl .1,(I.11.,()noft.b, "__ lind ii lilt;li c'Xl)tl,_tilc',t)r 1_ illJll, anti c'tulptin 3().11.-7Uwils

c'l_til,_ll _.';ic'llirl ihlcc til' Ihu I)nil._ iii' Ihcse lliQ,h Ni-( 'r ;illtl>' _'i._llc,tl _ll'lcr iii inJn iri _t)ltilJt)n l:l ;intl h;itt ;i Iolnl c'Xl_t)_Ule
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I:1( .'ILl! 2, l)hl_l_m_i(.'rl_#r_llfl_.,, _)1I_fli._hL'd HL'_.'li{m_,_l"l'_.'.,,t
C.'t_Ul+tU'mtfl II_L'_m,..'l(,'Tr, <ii., ;_ml hut) 0,01 ! 1 _0 --L-------J ....

• I!.\l_sc(.t tt_ ,%_fluti_m,,\ ;_t ._3.'_K,";ll_v,il_._,. 5 20 25 30 35 40
\',_l','ill_ I)L'LtrCc.',_1' lnlcr_jl:_nul,_r ('_,rl_ml_m Cr + Mo (wt %)• , , . 39112069.3

In ,.:,wh i_licr_l_l'd_ lhc nl,.'.t',_li_ nt th_.'I_ll_lll
_}1'lhc I)i(:lui(.'.. "rho d;_rk #l_Lvphm,L'.i.,, II_,., I.l(;Ill,tl.! 3, SIl{)ll 'l'clm (,::.5() hcm u.':,l) ("{_,ll)_n \VL'i_.llt
;idl'wrin_ (.'{ql(mi_m s_.';llL'. 'rh(.: h(}l.nl:4indic,_I,.' [._ms(I)Cl tin-') IllLmla;ItCSlhc l:.lrc,,.:l _',r
Ill_.' d_.;i,lli_ql _q'Lhc Lc'.,tc\Ill)!,Ulu', I),..'hLvcd }_;I,'-,.Ni',,';lI{_m ;llld _.'ll_,{li_,iL', ' I{_ L)l_.'

,.\ll_w ('r.t.,_h_ ('t)n{L'll{

{)1 I ):_ mi{I ('_.)ul+_+l_.%()ll.-']'U v,_+_;_a_ticiF);+l_.:(.Ih'_I)L' IIItlL'h
u'J_+',cr LL);II) cquilil_l itllll {-'t)l;Lliti[)ll til{til u't_Lll1_}ll .&i)ll.._(). 'l',.\l{l.l! 3, ()xidL'+l"ilm 'J'II{cLIiL'h_; I.')CIL'IIIiiliL'_i I)V ,'\H_.!CI .hql

_klillin# Ibcl>Jh l'I(_lil_'

'l'liu':,,_,! I_,lils V,,,'l,,.' .',UI_jL'uLc(.I h_ Stlll;IL'u' L'\;llil{ll;llit_ll Vi;I

.\_,.','l.l_m .",llllii'llL (t_ d,..'[_'llllillc lhc oxid,..' Iilnl thi_'Lm'!,:,) . ..:k!!_?v.... _(!lUli(!ll ..\ _\',tsli),[I. l!

tiL'.hllv _i(JIIL'I'L'IILL'(ql_.l",i(lll ._L';IIL'(,X'_l_,XlCl:,)did I',_L I{_m _,()II..'/U _)(),,_
,._;ILJlC',',.' _'_)_11_11", I_}:,.',il,l.vI',,'C_IU_;C {II' lhcil ,'.,lll_,)c.dh _tlll,i_.'L'

LL'\I[IICF,, ']'hc I'..:_HIIN ()1 Jhu':-,',.: L'V,IIu;Ili_')II_i ;ILL' hHIIIIll;II'i/C(.I i_()Jl.-_{) I()"_ ,'_

i11 "l';ll_!_'t ."_;ll'_kl h.

U() II, 3_ ,'_ :."._{)() ,'_

,.\_ycl.l_n Xlnllin!., ,,I,.'lclnlin;iti_}ll,, _1 tll_.' {)\icl,.' film
',hi,.'Ln,..,_,._:_l,.:_,umm,_li,'cd in '1_1_1_3. 'l'hc film.', I'_llll,.'_l in lm'. (C_ IU ,._,, 2.11){),._
',,(_jHli_ll .'\ ;11_.' Ullil'_lll_ ;_ml Ihin, ;,,,zch' ;I I'_,v, ;ll_qll I;IVL'I_

IIli..'_;. I:ilnt', I_lnl,.'_l in _,_qUli_._l'_I_ ;ll'u' _)11lhc _I(.IL'I ('d' I1:_>,1.('-._.". I'1 .'_ ;." UI)(),'_

Iii() iilllC_, lhi_LCl. I11 u_qllr;l,,I. IJl_' (_\KJL' I iilll l_)l'llW[l _ll

.%(III, iii !,,qUli_l_ I$ in Ihili, ',,illlildl I_ Ih[F',_.'I'[_l'lth.'_,lI'V I]IC

lhc ,,lllI,IUU'u'(_llll_siLi_ll',(q' Ill,'t'_II_:,I_I11l)l_1_lllCl ;lllll_1,_il)ICIUiN ',l L'LIIIIIIII)IIn_lll';lu'u'k'_11111tll{lldlil_ll(}II

IIIIII_;llCl..'i_CllIII'l',dqcI_. III,_d_lili_mh) lhc clcllk'nl,, ,_l_CCilllCll_,:,tlu'h;u,tllc_,L',;_II_Illlcc;_Ib_,IIl)l_'nclll_,_s

l_'luJcJ Ill l}Ic l_llq,',_':IIl_,m(_il_I_ ._(It,',) _,i,,_ll,,i_ :i_'Iil_'_lI_thi',s_qi_'c,
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"r,.\l+l,[i +i, C't_rrt_.,,i(in l_t_+.IL,utl"ilm C.'(mil'_.,+ithln l+u._ud _,i 'l'l+u unrichmunt t)l' lhu nlut,l surfil<:U ii+chrt,,ium is kI1tv,,,'n

X'l_t)' ,'_IiB I() tiO.'tlr 'd_ 31),I illld iio11 l)+l._U<.{ C.'I.I+-NI(),lltv,'s ll+n+si',',tu, II
i,'.,_zl.,,t+knt+v,n tlutt lUUl+vt+dcr_tzulact.'c'lur_it,.x_;irv.l into,' nec'un.

l;+=._t.,_',,.'dtil .%+luth,ll +,\ _L) Iu+tru lhc ,'.,urI'+iccc'hi,,)lltitlll+ Clll'iChlllL'lll,Iu 'I'h+,.'XPS ,',ull',Icc

+In,l,,'.,-+u._gkun ii+"t'_It+lu(i ,'+huv,'11llrt+_ru_+_i','c+l)' hi+llc+r <:ht+,_.
,,\lh_w (___..) ("_.....LtN__i XIt_._LI'-- (I_L _N+_ Z__LtB..j luiulu u¢.mlu,l in tll,u _url';icu film l'ttr thu tliruu ,lhly+'+,,,,,+_+,+i

HI.'.,(+¢()rl'L'lillL.'_will+ 11 l+rt)gre,+.++,.+k,elyh)_,,er et)rtt)s+tm i.+,.'
ul),ll, .h'),_ H,X 3,3 l,() 31),9 1,3 7,X (,,\ _imilar til_+!_l._Lll'¢lllLUltt)ll stlth+lu._s ,,+tuul ,'+i_Nll+lu,'.+exp. :

tr+ ._¢+lutitm ,,\ hii,'+nt)t l+¢un takun,) "rhu ¢)xitlu film t)l._s_.,i,,

Ii,25 J,7,2 lilt) (,,,_ 2.7 27,3 I(,,() on lhc high Ni+Ct allu),s (,Table 5) UXltU_u<+ltu ,,.+t)lutiotl ,\

_iNlil,r in thickiluss to thu L+it,,.+,_i,,,+_tiIlu,l'ihn thllt <.luvulul+S,
C +_ _+ " .,. +•-- . .,:',13,()X,5 .I.()It.).<", ":'"_ iron_in<.lironI_+Ise_.liflltL','s'I _iildal'q)e,t'sto be tyl)iClll

,_uchI'ilrns,Itu+_irtIint.1thu amount of Cr-+._tthrustrc_u;

l:.._SI+t+_c'dit+ St+hllitm l+ ._lt+t_._21<{__'.) iii+lie+lr COllSiSII.'III with et'l'ucls ob:;urvud iii sitnihlr iillt,.'
si'slc!Iii.s, The hlcrcasc iii Ihu Cr+Mo t()ill)()_,'c 2()c,'bii) 25'..

,,\llt,v C) Cr i'N'i \II) 1;' CII I'N'M ZI" _l is Ilt2L'US,_IiI')' {'ttr lhc dcvclol+tucnt of el'fcctivc I+il,ssivlliin: '
l'illns in ,tid Cllvirt)lllllelltS,

3().11+.79 (>1,,I (>,7 7,.1 2,,"-I21,7

The _t+tlitinl inc!lal I]u_+ridc stilt I'ihn cs.,+cntillll), c,nc:_l_ud
3(I.II..,',ill (_5,_2.5 ..2,7 • 2,1 _(i,".g ._t)lliC til' the ,'.illC.'Cilll¢ll.',;Illilklll_ ii itUllO,ssil+lc Lt) _t.!l Ii)llt'.

lc'rill t.'tlrrtlsitin ru,sults on ,'.;Ollll.;(ii' lhc alluy,s by lhc dctcrnii.
9t}.ll .ltJ.5 -+, t -_ ,

, ..._,J - I.._ 8,,_ Ililli()ll til' w¢iu,ht chlin_¢, (i,C,, lilconul 671, 617, illltl ()tj(II,

II tll+l_c!_ll'utlit) I)u the illicrgranuNtr t.'tlrr(),_iOll til' tllt.',sutlllov._
I(,25 5lbl _ ' "_-,"g.+ 12,(i ,",I,7 Ill+li +lllowctl the settle to I)¢t.'t)til_ firtnl)' ilnc'ht)retl ttr the

t+'tiUlX)n ,',lull'ro:t, i)h),siulill) , i)lis.'4ivlllillg the ,<,l+<.,c'llli..,ILThe,
2.22 .Ii.3 3(>,_ 15,.1 ,1,5 stitliuln +iiltl _()lil¢ ()1+ thu I]ui)ridu ob.,iuived iii the surl'ilt'e

I+illn_, ('l'iil)lc,. 6) ilr+ likul)' due lt) lhc [+ruSCllCUof Ihu
Nil.t,kluI:+i COllll)outld I)ruviouslx dc,scrihud, l:luoridc could

Thl.'rc _liu di.siiilCl ttlnllx)Xitiimill tlilTcrunc'u.,+;iii I'illn;; ill\t) lie I)tcscnt in the I'illn rcl)Nl¢in _ hydrt)xl(h.'+ill the o×idu
th,_l i't+illt in et)ilillt:t ,,,,'lilt thu iv, tc ._olutiml._, In .st+hitit+n A, Iilln sincu h),tll't)xidc.s tire bcliuvcd tr) bc l)lC.,icnl iii I'ilnl.s
lilt u_klu [llnl I'ol'm.'4th',it i,'+unrlehutl with cl+lrt)lnluill rthllivu I'olnlutl iri oilier il(ltic'(lLl+_+orrt),,.;i¢)ncnvirollnlcrlis. Thu l'tlr.
iii the tliliui ,Ihl), c'l)li.Sliluuilt_, The [;ici lh+ii Ih_._lc is illliti(in til' lhc s_llt ,<,+illut)CtUl'_ wh+ll all)' til' lhc tillo)+._tested
t:tm.<,ldur_ll+lu l'lutli+inu ;iiltl socliuln ()li lhc ._till'+ll.'czsii_ttm.<+l._ +lt¢ UXl+t).sutltr) ,_t)ltitit)n A lind v,'ill nuccl lt) I+c ctmsidulctl iii
ill,lt tlxyl]utiritlc!,s HllCl.'+t>dlulninc't;il I]titiritlc .stilts (ihu t.'()lIt+. lilly chulnicill l)l()c¢,_.sin_ si'srrc'iii built tri Illindlu +i ,solutit)ll
.sitill s<+'ill<'iilrt.,ittl), tlc.sClil+l.,tl)tire i)rc,_c,nt iilso, In ,solu- sintilm to xt+luti(in ,,\,
tit,li 17;,ibm I'illn is cntlrcl)' et)nllxl.<;cd ttf c'lclntnis _llrc!:ltlv

i)ic'<,c'nl hl ihu ._OILiiitin (CXCUl)I I't)r Ihu c'hrtmiiuln ol+,<;c,ivcd "l'hc ,stlill'+lcs.__tc'l_'l,_;lilcl thu hl+_hNi.Cr +illt))'.,ictiiiotlc
till lhc "_(.11+Stlllm.'u'), illlcl .,,otliulll i.', ct)ii.'_l)ic:tit)tl.'_liV its iii .<,iluil',lr rlltl._','.;ill .'4t)ltitiOll 1] iii 333K, Ilitiugh lhc)' I;ll.;t.'
_il)>,c.'llc:t_'+ dil'l'erilll_ illiit)l.llltS ()i' I[IIIU Irl ati_lin .<;ililiNir iHtt.'s ;liltl tlisl+l:l)'

_l tli.<;linctlv dil'l'clunt [+;i,s.slvlltin_I'lliu ill'tur tll_it ihnc, ,,k.<;
\" D I,_C U.'-g.'-:,lON ,,\N [.) IN I'1'1AI. C.'(.)NCI+UB IONS tlu.<;Clil_utl in lilt; i)rc,;,itm,<,+'+;l..'t!lit)il,lhc +_tliinlu,._stcc'l_i tli.,_lll,i).

dt.'l_lvutl I_l.,,+_ivillit,n iii .stlltitil)n 1], i.c_'.,lhc)' show ii I_itl4c
Iii tL'llitivc,I). _,illll)lc, ill'icl +,,t)lutit)ltS _ith hit, h III: m.'tiviiy iniliiil C()llt,,;itlll rlllt.' Ihlil tlt!clCil.<;c'+_I_)' ._c%'t'Jrill()rtll.'l:.; of

(,such ils s()lutitln ,,\), hii.dl Ni.Ct ulluy.s _ilh >5% Xh, llili_llittll.l¢ ;ii'lcr ii I_lic'l' lilllU I)C'liOd (till the t)r(ll.'r til' iiii
tli_,l_llly li_c.'l'tll _.'|)llt)_itlit Il..'ki._{;lllC+'t.'..The _tliilllt!,_,.'4Stc'cl.s h(ltll') _llttl linlllly ill)l)l(lllc'll lhc low i.'t)rrt_.<,illn l'illl.,.'i

t_._:,t_+'clcl_>ht)t. \\'h_.!n the II1: ilut{vity i,,, luwul_.'d thl()u+l(h the (di.',lfl,i)c'tl Iw the ili.14hNi-(."r _lllt,)'_;I'll)lit lhc, I)cTilininl.t)ill'tt.'l
;itlditit>n til' ctmll)lc,\in+l.t ¢lcluc!nt._ (vi/.., Zilconiuin nntl _ilictln ill)l>rt)_,ilnlitclv Iii() h, \Vhcli Ih_! ihickilc'Ss til' lhc'. i)iis,',ivliiitlll
in .,,tllulit,n II), lhc t.'t)rlt)._it)il l'ilt¢ tlrol)_, I)ut It)l+ inr)rr' I'ilin.s ii1¢ lllc'ii_titc!tl, ()11¢ _¢c.s liter t)lll)' ti .si.u,t_il'ic'ilnl
it',i_,t)llk lh,in tli_+_it.'cltic't{t)ll til' III ,+_ic.iivii S, "l'hc'+,st_iinlc._:_ tlil'l't,l¢llc'm in Illick_l_.'s_,,but ii tlil'l'c, rc!llcc! hl ct)ilil)tl.<+iiitlll its
.,,luul.,, I_+'._i__'tl.,,ht>_ tl_.'l_l_c.'cli)',l._i,,,_liitm _illl ii Iililll rilll._ v,+ull+ 'l'hc' 311.11.(+ic'l)le,_cntini4 lhc _t_iiill¢:+s .stc'_+,ls)tt_i+sii
<,illlil,lr lo ill,lt tfll._l.'rxutl I'llilhu hi.l.th +",,'i.Criillt)_s, Ih)wc'vur, It+!lal{vc'lY thin I]lln ',_,hc'.nc_mll)nlttl v,itll Ihu high N{-(.'i
Ill_.! {hlx_,i',iliiil_ lillll (iii the 30.11. ;itililllc'_._ iS di:+tinctlv illl<).vs, iintl ii ix iit,l kllt,Wll ',_,hl+!thL'rtlll._.Sllllill tlil'l'c.'lc,nc't2in

dill'c'ienl ('l'iil_lu.s 5 nntl (,)th_in th_li tfl_,_cr','c,tlon thu high thickllc,s._ (,r Ct)lnl)tX,,itit)n I>t.!t_+.,c,ll c't_tll)t)il._ is si_nil'ic'_lnt.
,",,'l.(.i'iiilhws iii :;t,ltilit)n li+ 'l'hu i,ii._i,,.iliint_ I'i[lli t,li Ihl.' hi!lh 'l'hu hi l_h Ni+( 'r iill<)v_, t,n lhc t,lhc'l +hlintl, diSlflll ), di_tinclly
Ni.('i ,ill_v <, i_ ct,n_iiclt.'r_il_l)+ Iltickul lhliil Ih_lt tin the, 3tj.II. thick_,l Iiliil!i tlllil (hl iil)l iil)l)t_",il tr) t_'()lilliin _in)' c'(lllil)t)nc'lll_
,iiicl c't_tlltl b_.'illtlrc' ic'_,i_,ililli io t'l(_:,i_,n I_,,'+,,t,ltili_)n Ii. t)iit,.in_lliil,_ lilt,iii lh<.' illt't_il _tll_._li_ilc', "l'ht_'ir t'()illl)t)._ilil)ll._

iil)l)c'_ir ii)I,c _lllliO.<,tidcntic_il, lt _ll)l,Cmi._lh_lt t'tllnlXmc, ltl.,,
'l'hu t'lilic'ill tlill'cr¢lwC I+_.,i_cc,n lhc' hi.trh Ni-(.,r iilltl)'+'-; (i._.'., siliuilh.'.s)I'ltmi ihl.', ,_t)ltitit)ll iniiv I+c'llll_,'t_'likt_' illhil>ilt)i+_

,iiid thu .<,t:iilllc'k.s.<,tt'_.'ls_itll i_.!Sl)c'ct It) tilcil I_cllil,,i()r iii Iw lilt,lc'hill.12,thelu_,c'l',c'_ tr) lhc _till'ilt'C'+t_) hltwk lhc' t'(Hl('i.
_,l,ltltit_ll ,,\ ;ll_l)t'iil>, It)I'+c' lhc'ii ('l't Xl_l t't)lllc'llt (l:i!ttlll' I). .sit+n tc'_lc'lit!ll.
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'includin_ illh_' ct}nlll_l,,,iliun _lll_.ltextui_d I}rtll'Jertien, til,LI _lre. e{.lili_lll, I__.__,{'_5{}(1987),

the {}xid,lli,,m I}{itelili',ll <,ii'lhc .,,{llulit>n, I:,,}r Iliuse {,..'.,,Is,tile 3, 14, S, {)NI)I¢I'+'JCIN, +.lrld1], 1), ,XlC."I+AU(}III,IN, "Ct}r.

{}\itl&lli{}ni}t'_t,..'ntJill',,,iii I'}u{.l+,..'t¢lillint,.tI IB,'Lhc Ill{ric ;ici{I ct}rl, i{},',i{}lltil' I li.{.lhNi.Cir ,,\ll,,ivs ;ind "l'vl+,U3{}.11,Sl:lilllu.s.'., Steel
c,.'lllr;ilkm ill+_tlthe de,lee t}r stllulit}n il_'r;lli{}l'_,',,,hich ',viii iii IINO,,.I II:," I)1>-155{}, Sw,';inn;ih River l.;ll}tl;;lI{}l'.,' 1.", I,
I_+'ll_.lIt) i}il.,,:.,i','_ltuthe iflhlv,,+I}vdeveh}l)iBu, ., I}r{lteuti,,'e oxide I)ul'tuit .<.lcNel+lt}ulm;lll+{.I{.."t}(lll}_lrl.v,,,\iken, S,.}ulli Cil({}lin;I

I'illlL';, Tile Iii; ;ieiivil7 is exl}{..'uted it} I}c ;i {.lel}ils,,.,iv;ttin!_ (ICl,'-;{}},
l';Icttlt', l't'Itlt+_,'il+.Xlillc'.t;flSl'rt}lll lhc p;i+,,.'.+iv;_tin_film I'}+vI't}llllili_
Ililtlri{.lu .,,:lit.'.;, The se;tle Ih_lt I'orll+,,+e{lll iii,',{}1>++8,'+i',';lteii ,1, It, 1', ,\I,,\NI;.SS, "{.?t}rrt}.'.+lt}r+oi' 3{).1-L St;linless Steel

+.,ull',B.'¢ii' ii is del+._e e_lt+u_h, +ls.t}l}.',,er',,...'d',,,lth su,,'erill {ii' the +ill{.I II,,\P{.).2{} iii ,,\cid,I,'lu,,}ri+,le. Sysleln,s," 11\\'.,"I{}65!,

Inc{}r,ul+s, ,,\l,_u, there, ilru the iI_l+iI+_ilit}nel'l'uet.'.; of {}tiler II;int't}rd l++fl+{}rilt{+rics,(3enertll I!leetricCurnl}_iny, ltichl+it+d,
:+{llulit}l+Ct'+llll}>t}l+el+t,s,StltJl ;is sili_:;Ite, ',,,hich ,_eel'n it} Ii;rye \V;isl'lirigtt}r_ (1%,1},

del}',.+,'+itcd I'r{}lli ,_uluti{}li IL Ilunce, it should not he

e_l}ec,tetl li+til chitn+Lte ii+ IIF ilc.tivitv itl{in¢ C{lllti{}18 tile 5, It, F, NI,,XNIT.SS,"l>uwur I;',eilett}rs Fuels Itel+r{}ce.'+,,+hl+
et}irt_,,,itm I}ehilvitii + {}1'the hi.+lh Ni+Ct illh}+v+sin iic'id llut}rid+ l}i{}!Ire,_,_ltel}t}tt on Ct}rrt}sion Stuclies," I I\V/__6166__2,l-Itil+l'{}icl
w;iMe,_, Ii+it ;I ¢{}ll+ll}illliti{}i+ til il+tc:rrelliletl l';ittt}lS tri;ii ;ire Al{ililit: PlC}tluc:t_ Oi}¢i'+ili{}i+, GeBur{il Electric Ct}Jill}Jill',',
iltlt ).el tillclel',Sit}tll.I, Itichl;lll{I, \Vii_hill_t(lll (1959),

l?utule,_tutliu,stlllit_illilleludec'ilrlt}_itlllt}l'_eltlilleni,',, li, I]..J, NI-\VI3"I', ;liltl T, L, IIOI;'I'+,\IAN, "131etltliill.t
C.,l+{}_it}ilt.'tllll},_it}l+, Stlc,S.st.'{lrl{isit}ll, ;iiitl I{}t.'_ilizc,tl c'tirr{isit}li, It;ill'ill;,R',s I'rt}lll ZilC:t}l+iUll+ tillCl All.llililltili+ l}r{}c'.{.',_ses,''

I£{ri}.shil+t.'t}lr{}+sit)ll i,', _i I}{}teilti;ill) ' illll}tilt_ilit I}lic:lltilliC.'llt}ll IN.I I1,1, Id;ih{} iNtic!lc:;ir C't}il}tlrlilit}ll (l{Jf}7),
IB.'c';ici+selhu+_e[lllt}',','_ ;ile I}ii,_,SiVlitetlt})' ii I'illil {}1' tlllkiiti_il
dur;lliililv, The ilB'e,,ilii4111it}il t}l' _eltlillenl c'tlir{},_it}l+ is 7, I1, S, COI,I.!, "Ct}rrtisit}i] til'/\u;llcl+iliu St;lii+l_+',s,'iSteel
U.Xl+CCicdtr} ruve;ll till)' I}lt}l}lelil.<, il;,stlc'ilitel+l _vith .'+_L'il+sillzil, AIItly_ [3uu ii} I INO.i • I IF' lkli.\tures," ICI).1(_}7f__.!}, Allied
tit+li. ,,\lsu, .,,tress c'{llit++,_lt}llt.'liickinl( is ill_vil)s ti title'Slit}ii Cllc!lliMil C.t}tllt+l+;ititln, ld,lhr} Chc'liiielll l}ro_rtllilS ©lTicu '
_hel+ ;I Ill;iteii;ll ft}rills ii I};i,ssl,,'uI'illll, {l{.}7,lJ,

{3ver;lll, Iii+: hit!li Ni.Ci illh},,._ illU. Illu iiiiiit.'il;ll,,, oi + 8, lt, It, II,,\_l,kll/It, "A l)ulerniiii+lti{}il {}1"the SIM}iliIv
c'lltiiue I_}i ilc,_ Illlil+t c?t}lISilUC:lit}ll, I}re,.+unll)', l[_istull<iv._ C'{}tistliilt,,+ t}l+ +l Ni.iilll+ur {}1' Met;ii l"*ltit}ri{le Ctillll}lc!xutl tiilcl
C.22 ;lllcl (i.3{);ii+c: tile Ic!',ldin_ i.'iii+itlil.l_itt.'slil_,t'iil.i,s¢til' their Their Itlile,'i t}l' l;orlil:llMil, +'I;.NIC'{).I{)(___),_,l}rel}+lr<.,dl'{}r the
,<,ul}cri{ir I}erl'_}lili,lilc'e iii ,_{}lutit}ll ,,k iii ,]JBK+ I1' tile' l)ul}iiiilil¢llt t+l' 12!ilurlt)', Itllih{} (}liUl'iiti{}l+.'+ Ol+licu (197{J).
'l'Itttl,iX i.'lll+'iili{.';ll i}lt+c!l.,+.,,iilltstiluti{,in,',; i}it}jut:lutl I'tlr tiM.,
h,i,,u iin II1" ;i_lBit_ le:,.<,til;iii Ill;ii til + ,,_{}ltiiit)ll ], ,,,tlliiC,. tj, NA{.'I{, "Pii,,,+,,ivii)'illRI It.<,lJic;iiRl.ltBvll {iii lit>li illlcl lit}ii
st;iillle_,!, ._tcuI.s Ill;i)' be ._tiit,ll_lc'., I Itl_uvur, the del;l+vu'tl I+l_l,_¢tlAIll}vs" lt, \V, Sl;iehl¢, iillCl II, Ok;icl;t, l.!tlit(li,_,
I};is.siv_ilit}il {li.<+l}lli.vc'dI_b' Ille _i;iiille,_s ,stc,els in ,_t>ll.llh_i+II tJ,S,,,\,-+llll_iill ,Sl+'illiil;li, ,Xl:lr{+,ll 1{)+12, ItJ75, (1976),
kt +tt!!_.':,i_,Ill,ii +lR!)+ht c't}il:_itl¢lc:{I _itll c';itltit}n till+ii iii{lic,
i_t,_itl_c, t;l}ilt_Sitlll it'_,i._t;iilt.'l+'i_i{}l}.,+t.!r,+,t?cl, It), II}ld, I);illl.,.s _2._,1, 11, (_)k;itl;i, 11, O_;i'+_,'ll,I, It+iii, ;iiltl

11. (2)liiiiRi, "Au l.!c'r I;!lc't.'ti{}ll Sl}UCtlt},_,+'Ul}iC/\lllil+,,'._i.s{_1'tilt
\'I ItI{I"I{ItI{NCI{.'S l}il,_sive l:illn i_l' Sl;liilles_ Steuls,"

I+ S. ,,\. ll,,\ItKl!lt, I!, Ii, S{?II\VI".NI,_, ;li+el7, It, I/}I\'INI!, II, II}icl,, t..li_st'j.i._+'+it___}_/!,I}sttc',<+85.,'-:,7,'+Niiiure i}1+ the l}il_'+ive
"+XI,itc'iilll_, I!','iiltllilit>ll It}r _iTi_in:,tli;illiC' I)it)c'l.',s,Sill_I,'ilc'ilit','," l"illil t_ll lr+iii iii+el litill I]ilsc,tl ,,\lhTs,"
k\_2!.i_!_'_._S,,+X.+.J.}_{}7)+__.!,_'J_}, \Vc,,_tiiBth{lu._u I Iillll'l}rcl C{}iill_ilil$',
I,{i<;hl,liltl, \..t,'ii,,llilli, t<_il {l}ic'_elliL'cl ,,\lilC,iit'ilil Nuc+lt'ilr St}c',,
19t_1 \Villtc'l ,XIc'c'tilltt, \\'il._hilllltlil, 12),{+',,Nt}velill_ei I 1-15,
I i.B_ll ( I tj<}{}).






