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;,:u ... ;!: .. ·.}····i/':~.:.;.:.i: .. :.~'.~.,·····;.•: .. /· >;,I,~i.:.;i:;.~s{~;n,ow:'.well. '. L~.Ln• _':tL•.':i.•nTf·c·c:.:m·:··e····t-'s·· ,··a .;e·:·:·c .. rea·: s·:···e':.; :·i .. n·:· ':s:.,t.:·a, cki. ':ng· ' ; ; ' .·: ! 
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. : ·•.·· ·.: · · : lJ;·.·: fauJ:t;· energy produc.es a .. cha.nge·: .. i~ .. the dls,toc.ation.'arrangements fi."6m, ·,;;::(: ' ~:-·.: .. :.· .· 

:.··i: ,·.,~ ·;s;:)'!··.:~omple~ t~~es.to copl. grou~irigs· (1) •. · In.copper·.auoys this 

I 
I :-.,"'\:'·2~change.-over occurs ~he~e· th~ ~tac~ng-faUlt\.e'h~·r~ is:···~5. er~~/Cm.2 or:,: .... ·. ··':_:.·.·· 

_I:~--~:.':·.· ·;. -.~: . . ;,:._:. ~<: 

:·1e~s,· corresponding·.te> e/a rat:lo~:.:b.f,.ab~¢ 1.2 ··(det>end:i.ng. on the valency 
.: •• •. ·:,.. .. ··, .. :· • .. -;_:·· ... ,.1 .. :, • 

.. :·, 

. ····.·~:'1fif},;?•·:· ... :t:~;.~:~::!:·~:; ::t:::::c::•.st:::::u1::e::·;:E~;r·: .... 
.... . 

~ .. :.:)~,.;::;}\:'~. as estimated frOm node:.~easurements'~~.~d 'cons~quently; 'the 'dislocation· . 

. .. . . <.:.-,. ,,f':':. · distribution, not only var:J.es with- increasing solute· content but also with. · :· 
r 

The SFE of quenched alpha brasses 
• :. f ' • '. • • : {:. -... :~-. 

'. • . 

continuous1y wit:h''increasing zn'in ·agi-eement with, earlier experi-

(5) bUt rises'·for alloys ·in exce.ss ·of·25. 1:3,t % Zn which have been 

I ···. ' ; '·~. ·> .· ~ ,. ' '• . furnace cooled or 'quenc.he!i and aged. ~ The apparent .increase in. SFE has 
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.·,::.-c;:::· : .. :•',:r<'/;.;.;,r: dislocations) of like sign This pht:uiOlD.enon'.was also found in certain 

: r.~XitJti~1j•;f~·.~e-Cr-Nialloys .. <3>·~~ •. . . ' ... < •. · ..•... ·.· ;' • / ··· .. · : .. . ··. . . : . . . . . . .. . . .•. . 

·. '. 

·.~.J{ ·:: ~:,~;: ··>· \r;··,::'~:,i::O We. have now. inve·stigated ·ex.· cu:.sn alloys using similar experiments to . . . ' . ~ : . 

)fiH;:~t:t}1:f~~;;:t~o.~ done ,;, bra~.: • ~- ~et·. ol allo~ va~ng in corttent from J.-.J.o ~ . ~ .• 
:: ·~ ... ~-.'.;(:;;'~::-~~<::·;~:~·.~~-Sn were annealed at .. 700°C for'·two.hours and ·at 600°C for an additionB.l hour·.. .. 
-~.\· .. ~::::~:.f~'i>:j,;:~~~~:~·~·.Jtll';;,.' ' ' . . . ' ' . ~·' ·-.~ . ' ' .~ : " ·.t ~· ... ' '.);· . • :' 

. · ,~.:·.?.7:J;:~.;,~;~:{(~.~i:{ ·:~TWo sets were ·water. quenched ·~o room temperature while the third was allawed ·.:. ,, 
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~:::·:··~?:.:t:\.~·~·.(r;~:~;L,.~: ,.·: · · :··· .. /·:·;::. ,·.·:/ .. : ,. '< .. ·· .. .':'\ . ·:--:. :···;_: '· · 
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:~~1.\i}J;ItN.!itiJ.J1!l~H:~.YJ1:.Kft!J2/..,I~~i!U.}J.:.ttL!t~V.d.1J\'lV)illlYili1~'J!i].'t','~~lltiJ.i&i!~~~l·~~\llii3lll.Pill•'lJ.:i.W.tl~t)llt'F'\',:j'\f1 I,',''F·~~~JJ{,J\LlJ; Uj.iJ,/.'~1 I ~:,J'•~'c''' ,,., " ,<•.-.•,, •' 0
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. :-·_,.>~<~·; ,;;~:;,,::;;,:~)~/~~\'5~ and 1~.~ .. _i~:t;~~~~~~~·::_~~e~ .el~:~:t~tl.ish~.~:.~:~~~,.rri~~ ·~? -:~bserva~ion in:_;.:;·.:.·~· .. ',.: .:- :~. 
-:: c'.'·'-;·,~ };;.::;;i:<(d;;:,:·~· the Siemenl:( EUiidskOp ·electron' microscope~<: .The>all_QYE( ~ere prepared from . 'i. ,. ,·, · ·:: 
. :· ·_.i:x~ .:'::::'::~::::~-:.:;':·~- ··.. . : ··: : ·-. · .': .:~ : .. _. <':i. "· ·:·· · . . . . . . ... . .. 
:····. ·:_(·:· __ :,·:<:;;:.\f?';'t:' ·:·high purity copper and .tin by :~ram Metallurgic~- Corpora:tion. .. .....•. ::,,. ·. 

·,:/~iH;l~!~~.~r~i'; . , ~ the r~e '1-6 wt \(Sn; tangled d.tsiOcat~6ns ~xbibiting d.tstitlct; · ... , .... · .. ·.·• .. 
.: : ··:J:'iH<~;;1·::>;:::·.<·:_ .. 'cellular structure were observed in both _quenched and furnace-cooled specimens •. ·•. 

:1 . • ·. :·:'/f:~ ... ~,~·.;:' ~·.,:.:~::;\~· :.t~)).,~:~·~::·~:/ ·. ' ' ; .·~ ' : .. . ., . ' . . ' ' ' ' ~ ' . '· 
: .. · ~\·; ?.;·/:;:;;: .. :.:~-:·:::·t:\:t/'::,:,At higher ~ Sn the .cellular ·structure tended to give way to coplanar dislo- · :' 

•. ,;,~01~Xi~tt~ti:cat:on arraynitb the .tr~s~Uo~ occurring at a sanewhat lower ~ Sn in ·· :, , , .. ,· 
: :.:_:·':.:;.:;tJ'?:/;~};;<h;i.; .. the :f'urnace-;.;~C>ol~d..· 8J.loys~ >.'jls' th~ ri./(a.+f3) bound.S.ry was approached the co- ·. ,:· · : ' ·.) ·. :·:·;:\:::.:--:·:~::~: :::::::.:·, ·; . . > / . . ': .. : '.. . -.. :: .. ' . : . ·. . : . ' . . . . . . . . · .. 

,·i:.<'::~;,:·:~·;;~·\~:&·:?!'planar' distribution .in both 'quenched and· turnaced-cooled. alloys consisted . 

',;.~llllfi1::.::o:·~:n;~:;:io:~::~i:o::a:::r::~:e:i::e::n .. . ... '· 
~~·;{0·.;;;:;~d:,:E4~;:r_~r.:F~::::-7:;;-yc-ontent is shown in Fig.;~~ ,<No su:Perdislocationl:f .. were .observed. Thus there 
J·~::~ ... .\:·-r·1::>··~ .. \':}.r.:.\{;._·~~~).:h·i.r\:·>:·?.; : . · ·· -;· · , · ·· ·. 1q • l 

I :::·:)_:_}:(.~}'i::~;:::;;:·~~;r~:(.~S no. eVidence· for ?rder. :l:n Cu-Sn ·.alloys,. confirming x-ray observations by · .. : . 

t•···· .'(1f~1j}f~l~f\~~~iCobenMe~=:.i:t:b:::1 :::~0~: ~be yield····St:BB .. ~e.·sbciwn in.Fig. , <~,:.: ;·· •~ .. · 
· ."'.'}}:;::i;·~:,':;:J/L\':·::aild as found for the',b:tasses (2) the yield stress· increases with alloYing · ;: ... :>\;· 

:._·.·:::~ ... :.~\-~:J;:i~ .. :;-~.~·:;: ... :·-x.~:;~.;: ... ~:~:-~ ·:. ·. · .. ·· .. ·.··· ... :· .· .... · .. ·~· .. ~::-' .. ·: .. ·. \ ·.:· . · .... · ; ...... · ~. · . .-: ... ·. !· ~·-:·_ ... : .. · .• ·· • ·• . . . .. . .. ·,. •. .•. , . .<·· ::·_ ... · 
''- :: ··::./J.::.:\:L.<'.::'·- ~:.corresponding t.o ·:a .decrease in· SFE.· Yield: drops~·: fc;>llowed by "'1'/o extensions .:: .;:;_i. 
· .·<:· .. ,;~.';' F'(~~,·--,\<'·f:·: · . . . : . .. . . .. · ' . . . . · ,. . . . -' . . . . . ·,. · · · 
· .. _.·.·ii·) .. i,~?f:;:.;: .f'c.'.:· at·.constant. stress, were con~istently observeq for· slowly cooled specimens,-: ..... 

. ·. ~,.·:-~.·:·~~:~:~).: ·.<·.-:~.;_:·.);:~:_,.~;. . .· . ·. · .... :r . ... · .. ~ .. ·: · •.. ·.· . ':. . • ~· ... ~:··.;· . .• . .•. ; 

· .. ; ::::.,;·~:;;L?:~:(:.:-;::··~~·:f/'but rarely in alloys t~t.h~ beeri queriched (into' water from 'vacuum) Ol'. . :I'~-
_: :>"<-;t:·:>:<~tw}~L~0;:_z:· ; · · . :·. :. .. - . -·:: .- ... · . ., .-_:. : · · . .: .. . . . . · · . . . .· ·:,. :, ; · : 

-·· __ :.-;yi_'.::_:.,-f;::;;_y: . .':~,:;;,;· .•quenched ahd ag·ed (l.hr .. up to 200~C);:. :rt ·should also b.e noted tQ.at an anqmaly. _';~.·-

.' :·i• ?~it,Ml:i~))~~}:::~t~B:~e·:~::o:::::~t::::::::~:.kn:.;:.::~:.·•····<·· ····;, ····: ': , .. 
··g}Jfi"l~~t~J~j~creas:e w:::~::::±:: :::::; t:::. ·:::~::a:\:::e.;:e .. ~ ~····.r :;• ..•..•.... 
. :·:':{(;~:1;t#;.(di:'!:~~[.-~;j;\'(_:~E:;frani observat~ons of: dislocation ._nodes (5).·. : However extended nodes were·· . 

.': ... : .Y)~l~~~~~i }~-~r;x:~{~l>s~rveci. onl~ in the. ·~~-10~ 'Sn futona~'ed~coole,d: alloy •. ; 'This is not: really'~· 
. ' '- ::~.:, ;~ ,• ~. ~) '• ,1' :j\ • ";., :· :•\.', ~... ~ ' • ' ' ' • ' • . '' ' •• ·: ' '.' ~ • . ' . ·• ; 

, .. .,._i·r_~;;/.>:.;;\··~·-.~.)t!:::\-~ul-prisi~· because the, a:~·s~lid 's~lution.i~ still- relati:..rely dilute at' the;'>':·:.:,:,'' 
~~::~:: .... ~~::.:·~·~:~r ti~t ;~:,.;:\;{i . . ·: .. · · . ·.:... . ·:' ... .-· . :: .. · .. -.-> ........ · · . , . · .. ·. _.·. .- . . . . . ··· · . . 

, ,. •.: 1 .':·r···.~J..:" 1 :·:J;,_·"rr · phase. bounaarr when: compared to{· sa.~1•· brasses~~-: .'l'he average radJ.us of curvature 'i 

1· .•.. ;t:{t;; t·;_;.} ~~~1" ;'; ' · . ·.: :·' · · .. · .. ,; :;;,~h>!;ii'i :·,!~'[;J?d{bvi:~, i:1·:J·{!).;;!ift, , . · . :~ ,· . ':. <' . · .. ·· .•... ·: . ·; · .·.·. ·• :' ' 3 < 



J' 

SFE of CU-10% Sn 

data on copper : 
' "I 



Thomas, · Jl. .' A us. 
' Q' • \ ' 

Inst. Met., 8' _, 80 (i9S3) •. ,, 

'• 



'--~-·--'-·---~- .. --, 
:} 'r 

I < 
.,• \ ~:. ,: 

·..; ' . 

. _,;.,.. 

: < . 
. ' .. 

,. 

Deformed 
\:· 

· Cell structure. ., . 
. ~ . 

. '" 
'.). l- '.• 

. 5% .strain showing 
'' 

' .. ·.·· 
. ,·,._. 

··;··j coplanar rows. of dislocations. 
l i . ' . .• 

.·._, 

yield stresses and cell· diameters for· quenched and furnace , . 
. ·' 

.,• 

alloys. 
f 1,. 

'With alloying of coppe~. '·.·. 
''; 

.. 
.. , ;,,' 

' •' 



-6-

(c) {d) 

ZN -4646 

Fig. l 



-7-

- 700 ·- 10 (/) 

0. -II 
I'() . /A-- ..... , 
b 8 560 / -X .I!. 

"' E b' 6 420 ~ .. 
(/) 0' 
(/) ..:.::: 

0 Furnace cooled -ClJ 

280 
~ 

4 ~ - b 
(/) 

~ Quenched from 
"0 

140 - 2 ClJ 

>-
0 

-ClJ ::t. u -
ClJ E 
Ol 0 
0 ·-.... "0 
ClJ 

Av spacing between active 
0 slip planes 

0.50 -~--Q-~--l-14---6 -~-
0.25 ~ 

> 
<l: f.4----:-- Cell diam .-1 

0oL----~2-------4L-------6~-----~8------~IO 

Sn { wt 0/o) 

MUB-4272-A 

Fig. 2 



-8-

MU B-4273 
• 

• 
Fig. 3 



• This report was prepared as an account of Government 
sponsored work. Neither the United Stites, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation; apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






