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",u..., I . COIfIPIlruOlf (Ij fodu~ ""'~ 
of 111",..",,1/)' I""Jfti .tw1t uptlSM II> 

Alslt J'l'nl), ..... , .... QJ JJ8'C a"" 40 «< 
1I/tlI H:O No'" ,It" IMnturd 
IIUCqHlbi/uy tI/ I/M' U H'itltf" Mal 
"J. prior npDSliU f- IO yn. >U'/'C/ 
10 It'glt tempna""." ... ""~r i"~"",u 1M 

• ..,upltbdu)' /JO fUj~ 01"''' Ma' 

n.. microslnlC1W'C of noch bat "'-as c~ vII h"" ~y. sea""IlII electron microscopy (SEM I. 
orieatanoo """Jl'I& RUCrMCOp)' (Ol\f ) • .lDd ~_.Iectron n»<mICOpy (rEM), MetalLoan;>hlcaUy pr<pared 
""files "'''"' elcclnll)1lCatly tlChed 11111:1 pho$phcIno,..,xl and used fur IIghl nucroscopy. SE.\!, and OlM Thoe 
OIM ItIIlyscs were pnformed I I I co""""", .. 1 labonto<y (TaSE..\l) , FOlio (or TEM amJ)'S1S ""nC prepared by 
mechalllCll ",lid"" and "~lropol~,,'i (10% po:n:blooc acid IJI rne1h&nol). A I'lull,," eM 300 tmttwn<nl,,,th. 
Lan. filamtn~ op<nltd 1.)00 I<.;V ... ", used r ... the TEM stud .... 

MIOOC~tcaJ CM"""~lio~ 

n..: gt1I'" w,nd"')' chclIUSlfy of each heal ...... quanllrtN "1& JC&nllUI& AUJI<T nucrot<:opy (SAM) Pnor 10 1eS["'&' 
MIObc<I Auger plll$ ,,=<0 ..,..,11",«1 from [he sec ""'Pies and ...... pr«harw;d III hlp ~~1Ure (17I"C), bJp. 
pi ...... (~ piI) bydrog<n I" (<>f 48 houri in ooJe, 10 (acih .. !. , .... ranoular tn.c~ [n .... ,ru fiKwre ... ... 
produced by 1DUN.1~ 'IIoCr<mrnW 'Irau\mi of the DOIChed bu , ... bend...... E<&hI paUl f>ocrl$ __ ..., ",,· .. upTed .. .. 
SAM for each htat. 

n.n-I ~_ ~1>WCttpy 

Tho sp«IJIICM uoed for deso<ption np .. ru.....,\S"~ s«,;or.ed fi'utn the EAC Ie~ "f'CC,rmm (~.lT'XO.25..,.0.19~) 
Pnor 10 ICSIIII& the sampks " .... d<an.-d """ dned to prOVeN any hydrocarbom fi'utn bLlSlDJ the dtsorpoon data. 
Tho <I<oorpuort sp«trII......., ob<aID<d by b<an"glhc ope<'IInm. (,-ia r.d1O freq""""y) al S"CnunUIe ID In ultrll.lnl,h 
,YUWlI .ysttID """ mont"""'lih< hjodr~ <~tra'lOIIlm .... ic""~2) WIth • qua<irupok "'"IS SJICCIfOID""" 

ranng ,., Auas EAC PDjortNl"U 

Tho ~I;o",.., .... u .. "" •• o sec ,run. ,1OD, crack I""''th, """ IowlCmpn1""" J'r.:tu.-. for X_750 AH "'..., a.seosed 
,,. 1£<,,,,, of 1IJ\JIXJaily So.dod I"'" oecI>OCI 5lras 448 MPa . , 338"q, 15.9 nun d~. ( ......... "1 dtSpLacc .... m) 
JIUds, Tho dtuds of !Ius type of ""'11DC ha,'e bem desaiMd prt""""ly (~I. Tho IC!Il spec""""" ""'"' ... aduDCd 
from ,.,.,..,.1 that bad bem ~ .~poscd 10 hlp Itmp<nlur<: ..... "" (>249"C) for Iona u ..... (_10 yo: ... ) Tests "'er. 
cooduclnl'" (3JI"c). !up """ry ,,-.ler ... ,Ib • bydrog ... CO<I(mtnlJOll of 40 ~ The SIJ11>ks wtre tesICd for 56 
days (or """I f.,Iure. i, Ihc ope<'lDX'DI .. 'ere broken >Db> 1\\"0 p .... n) """ ,,= penodlCllly UtSpCCleci al 14..:1ay 
"""",-.is. n.. mspecUOIIS also served as • L TI' tnl .""'. Ihc samples "-n. cooled 00...11 10 rottnIl.mpenlW-.. unda 
load. Not< tilat ... ,oonoofsec were dWlfllllUbed from LTf by the <hrr .... ...., in o~Jdt color, Lt. sec awe'" dark 
""" L TI' apJIC'" lop><- l.ow lempentu ... IJacture It ... pld (>>90 IIUJ)')'J). ...... l'JIn.IIula, form of enwOlUDOtllllUy 
..... tcd .... km& drtmbed .1"" .. -hae (2) 

L-_____________________ , ____________________ __ 



n.e IlIIIli>n of II1IUOUon .. IrS ...... bnruned by poIO'·us' V1$ .... 1 c ... n:u.n.a"""., -lOX. C....,k gro,,1h 11I1es ... ..., 
erumated by d"'odI,,, tho ....,.,,,...,, ObKf"ed sec ~th by tho ~ 11m< _ Oc1cfT1\lIUf1&. crack 1TO .. 1h ta.c .. 
reasonable $""'" (I) cn<'k ""uo_ tunes ~ shon (_ I day) for 1('" undn those 1;CIl<hlJ(lDS and (2) II>< ... 1I ... :IIed 
I1Iles.,. ",good ~_ .. ,th IIk",.= data roo- X·7S0AH , .. ted UDde, $IDIlW CODdltl()Jlll[2, 3[. 

R .. uIU 
Mtfa//ognlphy 

r-Ilure 1. OnropafUOll O/IM ,....,~ .,....,,,,'" oftiw wu of J,'·75fJ All 'W ...... '"gtI'ftI t.. thu 11",/), 
elCiw.lI" 8-/ pllrup/tt>rr€ "",III 'w "",,,n-. J V 

~an"i1f, ElHtrrM M",rrucopy 

A h'3hn ma""fotalion ~ie.., of beal .3 II sbo ..... 
'" Fiaun: l ... iuch sbo .. ,!be pra<1ICc or ~ p~ 
(NI,T1. bcp cf)'iul a1nlCrurc). larae IntrapanllW 
y' (NI,AI). MCIYP" ..... ,n boundary carbides .... 
y' <Ic-nuded U)DeI amwtd !be ~ .... !be ,,,,,,, 
oo.",d.".... NOIC thai the ~ pilose ...... banded In 

thI$ be.t of AH ,uw-sunll 'l P'«'PIt>.ted aloois 
b>.1Ids ncb 1IImanlllin. 

Porostry 

T ...... of tho belli ",,"COup,ed d"playe<llarae y' OIl tho ,,,,,n bow.Juy while one be .. (113) Ibo-A"ed pu-<Ionun>.kly 
MC tYP" cafbidoJ .. """",,, In FIJI= 4 Noce that no d.ff""""" ..... oboKn-ed bel • • " . _3 and ~3 NPE _ Tbe 
,d'II~.ly ta.-ac amounI of ~ pba5C JD tlns bea, may 1Io"e depleted tho malnx .n htaruum, ttwd1ll1 pin boon<hry y' 
pr«rpl1a11Orl and allowed VIm bounduy MC.1)'pt C&lbides 10 f"",, dllrini tho 885"C124 how- IIttU equallZllbM 
bel'lreOnno-m. 

b.) X·750 AH.1I3 

, 

Hlure 4. CO"'lH'rU<m 01 
Ihe 8,a;n bouNlary 
IfIknnlJ'WlU,es otu~ 
j~ X·7jO AN ~ 
grtI'" bow..Jary y' .. 
co_Ny otun-wd ", 
All H"""n"n-. WI d 
ultdJlled pndD",j1fQnlry 

MC carlnda Olf 1M gra'" ... ""'~ 



OrwouollOll/""'PIl Mra'<lSoopy 

A ~ "r th< """*"" or!J pam 1:>owrcIJoes In_b 
heal .. sho) .. ,.m FIflID"'~. The!J ,,",In bgo,nd,nf'$ "'" Ido<d 
for comparuorI .... ,,,: 0Ibct reKan:hcrs ha, .. com:laled tIIII 
houndary type [6, 71m Alloy X_7SO and Iowt. "''C1Igth 1'1,. 
C.·F. Allo)'I ",ib EAC rulitance. The ............ WIOO 
d..criOO.ion flmctOOll (MDF) ... tu.: II &fiDed .. tile quou.en. 
of .. lall"" COU<Il$ (j.e th< I'ncbo<I or boundaneI bet" ...... 
adjacm. ~nlJ Sl.lJSf)'in, Brandon', cnt ........ ror 
specoahJ:,u) to .d"n.'" ,,<>lumc (the YOIume "f .".,.",to,,,,,, 
spoo:. ""q>t out by the rad,US defiDed by Br;I:n(\on' S 
rn_l 

T),PlC,lolocadDUII dc,,,,,,,, """""",pbs of th< IIII<Tg1'&1>1&W 
!nc1Un: ourfxes, Au,n spectra, IDCI corr.p:K.lJOI>al .... ps 1ft 
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1110 .. ,. III F"", .. 6 IDCI 7. For oach !>ta~ .'&hI """granuw 
facets &om " .. ",u frx!u«<l Auger P"'" " ..... IIIV"lIga~. 
The .'nag. CO~!>OnJ IDCI Sl:I,.JarcI &,-,.'oons .... 
rcportnlrn Tobie J. Note !hal !>tal .] uhib,~ ,c1"t;vc!y 

Hlur. S. Cmrrpui.r(Hf 01 ,'''' ~JI"'Mr I>{ 1.)'1)1'" 
boowIana j~ eo><~ Aeor of X-1W r~I'QftgDr.,.J. 

Iugh \e,-.I. of carbon (conslilC1l1 ",Ilo TEM mICrographs 
$1>0,,"'1 " h,gh do:ttsny "fMC-nrbodts) IDCI an'n boundary phosphorus. 

II ... • C , , n c, ,. "'i "'b 

" 
M ..... {aL~) " 17.0 " 0.' '3 13,1 " ~4 9 " "- Do> " " " " 03 0' 06 ' S " " 
McaD (at.~) " S, " 03 33 [4.4 '0 61.3 " "- Do> 0.' .. , 0.' 0.' 03 '0 0.' ,.S 0.' 

" 
Meaa (II.') " lU " 03 33 [50 " ~7.9 '0 

"- ""' 0.' " " " 0.' '.0 O.S " " 
'TMnrra1 o.-rpl_ SptcIrf>Jropy (TDS) 

Thennal de_pb<JrI spec .... from ca(:h t..:a, 1ft &ho ..... In FII"'" 8. 1'1_ that desorptKIII from rour dISunoct .ta,es II 
ob$crved. Thtsc da ......... weU fit to asymm<tn<: double 5Igrno>da[ Ihapcd curves, uxbcauve o r a first "" .... 
desorptIon~. The Ikso.pbOn rncrwY ftom oach .... p , .... ""lIS then es.una~ V," the mr:thod nfLtt ~ aI. [8) 
(EquatIOn I) ....... 1.'_ II tho: M$orptl"" on<I¥Y. R IS ..... &as constIn~ T_ tbc IC1Ilptf'I.tllfe of tho peak 
","".rrmn\ aDd B". fin .. " ,,"no...,...- Al00 note the Jo,.".. h~n coacen .... """ on t..:at ~J NPl': b<ar- tho 6OO'C -,.>< 
'[be '-atu.: of B ...... dttemuned for each ope<lnIIn by """"""1 thaI the 10 ...... ICmpeno!W'l' pC:ok fu:mt each spccmun 
..... rc-prae7Itan"" or deK>rpnon lium the lamcc. The desorplroo rncrwY fu:mt tho 1a1h«: ""IS laken u 53.0 1:1, mol 
bticd Off th< X·750 All d,IfuS>Oll data or K1!lurnott> ~ al [9). The bu>chn& ...... ,"" "-en: tbcn calculated 'to 

Eq ... oon 2 a,.j 1ft summanud '" T"bIe II Note tho. drlfereuUlI tbcrrraI an.rJ)':I;' (da .. "'" ~"." ~) ,,.jica~ 
tha. no phaK chan~ wrn:: oh<avnl ovn tbe .. "¥"'''''''' T2J01C of th< l1>S tests (2S.IOOO'Cj supportlIl& ..... limp .. 
de-Irapp"'i and d,ff ... "", ~ ofEquabon (2). 

En _ _ RT ... (BT ... _ I) 

£~" £ ...... - £-
__ c __ '" 

(2) 
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Fi,pr~ i. F.JOwtpI~ of I~~ " 'erx"",w/u froc/>l~ proJw:rJ ' .... "... .. '" ' IT<Im"'8 ,uld 1M tuNS llJUliy:d ' .... 
JC<I"",nl AMgtr "'1CrOJCOf'Y (MIll IIJ) 

Hgure 1. Saur.;", decrTO. "'lC~ ,.", rl~,....,.U1/ /fUIpI of a. ,IIIrrgNlfw!a, .~_ of'ftll IIJ NOM l/w' 
plllnploonu IIpPftlrl '" M enricMd a/OIl, rm.Nl>JCj·typt earbidn 
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Temperature r eI Tempe", ture ("C) 

FliU'. 8. •. ) Su...-ry of dtuttwl tkw<pt_ rIlz/l1 tutJ bJ "'P'QC,tla/i,." rU.lIJ (pOurt$j. aHUtit""~t ~ fiu 
(d<1J1wJ I'~d) mod "" ..... fir (M>lull'M) 

Ta ble II. Su ...... I)'Df'l7t«rM1~ Rau/a 

11 • • , 
E-- E~' P , " t:""""' - E""" o _ 

!U, ...... , (U lmol) 
Me or !I? IUlmoIl , or Me? JUI ..... I) 

'3 NPE 92.1 144.4 208,4 

" 
53.0 

93.0 ISO.8 "0" ,~ 

" Ref. [9] ." 138.6 189.9 

" 937 146.6 1970 

E_ 1 I SLiXv. E-- 00 £=-J9_0~L9 £=-92.1.3.] E= - 143.4.8.6 

Tnl'Mg '" A .. ~ UC PCTji>nnDIIU 

'The ,dar".., f ..... ta~ to sec IIIlhihOft, enek tro"''''' Ind 10", lCmper>oture fracture for X·7SO All an: eo~ In 

Table III NOie lhat .. hile !he DUmber of sec IlIeI . Dd cnck UO .. t h nl .. I", "mol ... , there IS • ~ d,rr"""",. In 

L TF """,oplilnhly bc1wtttI beau. Addm",,"Uy,!heft IS I .. ""rICIn! d,/Terencc ,n the numbn of L 11' rId""" fo< 
tbo urn< hut _) ""Ih and ",thoul pnM rxpolW'C 10 >249"C) ..... , .. lOr _1 0 yean. 

lI eOl ~ 
~ of sec Sit ... per Crack Gro .. " h I.H 'SuoaptlbUl,)" 
0.,-of .: . !>O!ur. RalC' Im mlVT) (% .'.IIN) 

UNPE O.S2 • 0" 9 64 . 5.01 " " 00. '" 8 44 .2.13 .. .. 0.44 • 013 8.53 • 0.-46 0 

" 0.42. 0.11 890.0.83 0 
' Crack 1fO",1h raLet _'" CSlImaIed from !be ma x,,,,,,m observed crack ltngth (6:1.) 
dn-.dod by Ihc IOtIl aposure II .... (nt) 
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