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4biStfie heW o)
el oy ; B icseued fowsd @othys sxbﬁsthOS@s‘l
The choi ce of [ere S mlobifity %‘ﬁu gf aﬂﬁt‘n o4 Wt‘@gellsosleblleda/ard t he
0 p:ecagadsan dichl E _appmntltmfm g, as ‘the
m preservmg reversit ﬂlty of the transformauon in the h1'g'he‘i‘ 45 20

right reg| onare. pcs
[err] data bel ow

Sensitivity of the’ RE4ts whie I xpl or ed
by testing sanpl e’&d(ﬂ_’ respl ‘oompodicichs b ﬁﬁuﬁéﬁnﬂpyﬁ )@Zigs -§96 w. %
Si, pre# pargd asPerpg -,;,~---ﬂ9at§§1\lfem mshms}u Msaﬁeroa bt

di fferent héatingeg '&%,m : EB@E‘U e!a‘:aﬁmup@ Hyelabﬂﬂ)g 25

t hrough t he tenpemaipiicd VR gary | 2 PRIrR v f%ﬁ's%‘geati ng
rate is«present ecdlloys Fmﬂgmblre aﬁeﬂ aSldesmHeeabdvé]gs hafepﬂloys oL -'lf’pvf ut 1
deg. C per mjnute grecd #eé’ : l&t_t(eshowﬁa £] Odmgum Conppeditionicanbe | ead to
appreci abl e recov@g_ﬁc"‘__jf'- bl "Bl Sl 33 brfbbtize it e tnlf"(i o tipllew Vabéhﬁw Bowieg.
per mnute i s t heraielaha gl Ay iomark Fos o | o ?’4-‘1’*533;” o

t he optimum regi give teslowhductlisy or mb 19! :leamicalodondnh@mge&t ecilip Qplicalioms, OO _ -
expl ored 'usi ng corrp05|t|ons 66 Swt. %0y 30, %Zn '1 96 Ww. %Si and

64. 2 55 38t . % Cigeveatttspee . . rrpl es was :
treated accor di ngrscoL0% ailimi Weoe quiehdiiP aftet X Gap 'P ‘?’-
i ntroduced at - [ erthge -Mtsﬁ%ﬁfeg“-; ‘.Masi wqelea&fedooalmgabeex szer o

strain  before thpesh DN PO s Ry et ththgttaxtﬂmmtinsbr a| ned -

sanpl es wer é0st ranmﬁcthel # : ‘%%S%%Ef ﬁ%;ﬂ‘f dhdh :

1, 490, 182 men 886d ﬁ)t 45 mmutes, the spemmens aged for 90 ndﬁé%r 1e § )
% strain)

err A figure JPmpitly; O %Ph?rﬂlfn eF’bﬂm@Wﬁb ¢ bd
ooty i bed above, M sgEt w T ?._ -as
a' r1,_rrumfor
better

66.5 wt. % Cu, b5 Perties tob nte- - : owet hedy

response in the Géméuwa&z ﬁt Atk 50° e bl ’-'_J'.s-;off: i HSBE @abler 6%
strai n* A t 8pogr syoaiie w2004, Qﬁlseé’f,wlg Sreaskd @ ol ;&? iy =3 ‘_"tS fogythe
CuZnAl sys- tem ;%éé" Mﬁme@mlm Agai n, the cor‘ista‘h‘ ; |gure‘of rrerl_t
zones H e. parallel to the isotransforgat B :-,:pont ours. ‘A nore distinct

opti mu regl on was Sevedl amplesy Wflcormpb : - 8k e 4a than
for the age Cm 175%%1hcqna§verheﬁzlso quench:im:ftgr 5 mmu(tlefs at 350°&.ﬂ!@31:‘ie,\/é al | oy
conposi ti on hav Gt [k 5ﬁc‘tcf9¥ tm@ww!mak,]Mmﬁmnm&eﬁE ec,t estsst he

is in the dé.nomtnﬁ'hi' ]
Figure 3, while tPRetsyef thod mm

mobility of theorlg/cgm Five thig) anaweatgeneral

test procedure whet smb:uto E an % - %ﬁé@?ﬁ” ger]
rather t ha&& snhco::ty content can be seen to reqmre much ldﬁger agyxig time to produce ,mpré'vgg

60

The alloy desctibed: in. 'Exa_mp_le-z was also used in this Example, Its basic A,



stopping at [err]. Results for aged sanples appear in Figure 4c; the new
opti mum 15 lies parallel to that in Fig. 4b, but shifted as vvould be
—expected-toward—conpositions—ip—wth—hi-gher—transformation tenperature.
Al though the recovery range is nobile in [err] the nobility seens nore
limpEWNthan in [err] As the unaged CuzZnAl sanples lost their nenory
pr of es as a consequence of slow heating to [err] .but the aged sanpl es
did / it its apparent that the; aging 20 treatnent, i s successful in
presdexding reversibility of the transformation in the hi gher 20
tenper&ure range. 1t will be ap#9d82at ed _that the aging periofls and
condi tions gachafseh zsﬁQFmEh&&allyltﬂﬁﬂ%%aﬂyﬂﬁk&'r&mk&rlﬁ?hﬁ' ce CONPOSit¥pns
havi ng optlmm"tp.rIDggp tbd 1l qudnkhed inahi mMayngd destriteld in mgondit4 ons

result in Y 6‘3‘1“?- REIDIERN (EIAREratysg, | shep icogled s bglaw 05
sinlgr opt A , . E 5 73 bounged hy
i o

lines 40  was then defo : fefy hal E,elda 1-0. 4D are

novel , and mmpmrrecb\regedsxulltwdgfmlabw&m. pRexcc\equwaeM%,hbout MBghti on and the
present i nvekes Blece Retony edntd % ab?"v?Sa'e'-s aged. al l oys, preferably' age as
described above, as novel all opgawipiis By gose of - this Exanple is o show

how amo opt i MuNSampkORRGiaint dldy @ed D Exadile 2 were el tigik@andGjustiedao desiped set of
characteri SZQ"GsaDE)aMWe%daYS %téo‘fcb They wang (hen @H@d/\torroSTCandd&ormedSO

‘characteris ‘1;!‘1: DI; - s& 49 & dﬁj erod %jecovery range
for the c Q ; sf e optimum range
of Exanpl e 1 may gr ve too Iow ductr I |ty or too Iow el ectrr cal

‘condud®ivity for. speci fl eoOvEsy i ications. 35 . "Recovery Sevlisph| speldi mens of
‘an al | oy of ositi.on, el ght 4. 5% coppg cE3de S 0Py 35 strain,
was 2. 30% i’%@? 455ﬂ§1nnut egoyso@t [sz"]g’é;bef ORgeC CApY3°ay t gfr] ~the heat
‘50 recovegabl e .gigai n wggs 208/min, Thi s g5l owl y g ncreasgpsd after | onger
aging?ines te 6. 50680 . . - 90 min, 860 afte@r 3 hotaos and 26. 0% af ter
1 week. EXAMVPLE 3 S%gir al- k l%gh!&n al'l-d - -ofd.conp % ion by weight
of 66.50% copper, 5% zi JI ¥&op il con wet e al s8 guenched after 5

m nut es at [efmnmmtomne@nﬁs&ﬁmatme;{neﬁrﬁay bE [iefrow@ feithek hen aged at
[err] for tbefessonghiet gowt hoating. After 5 .nminutes .at [err] 55 the heag
recover abl e-strain was' 0. 1% Af t5 _’| nutes at ferr] this remaé ned at
0.1% 2And af t eg;x: 00 sl 6o (Qﬁﬂwpnjok:d,'i 6.5 W W'ES% ﬁ&ehourg
~ increased thmﬁimaaﬁmm/arsoomfoamﬁwseré’ teﬂ.tlﬂﬁ;{uehﬁed], dporind 2 days to
.+3.9%_ Thus, wmneamrna% Jhlf 1hg Jamples 19 asé%cie@:npom ire much

N’ 10 100°C . 30

Ionger agrn
- EX,RR/PLE,”/ 6 : . téaqsp REOLES drnthrs
. Exar‘rpl e. | t'ih:ba&er(_: . ts heatedGrapidly to 100°C, cooled to. room. temperature, then 1, 490, 182
6 was abouthe.EGdtf%i"“E!ePrZP Sﬂa'hh ekt rRRid E%B‘!&WWS%'&T%WMIC Eﬂécovery has
~taken Iacemﬁ‘? err]. A sa > - Was he h(msreat eda.d quenched in the manner
descrPbed in onglitiges.pr TIror g 5 mnutes at bient ter?'Berature
1t was then: cool ed to bel.ow [err] to the martensitic state, .then heat at
between 0. 75 and 1AGstibigston C E.)l‘ m nut e 5 Treatment t 0 Heddng]Raend t hen cool ed
to [err] (.e.Semgley ow'ﬁ%’[err] #%e about [M“ﬂﬁ’e' sampie°C 5 was t hen
Bt . 8¢bxi mat el y8hal f the def or ma-
B g to ab ) %overy wasg4% about
0.8% t aki ng pl age bel gpac and abov [er_a d&XAl\/PL to 8 10 :
Sanpl es of the Sarme aBdxy usedsmiixanpl e 2 waged heat trfuat ed and quenched to
10 [err], and afed f o0 days{.err] y‘¥99e t hen 3Wol'ed to [err] .and
deforagad. Sanmpl gs wer en hegl&d to [err] he sariﬁwsl ow rategsas in
Exanpl e 4, and gool ed9soxain t Bdiarr]. Di ffedg&n sanpl! dsstwer e t hen stored
for different r{%rlods”%md hea?t w at 50 toc§y§¢r] (i. eﬁs::wrapr dly) to cause

tion grain Was3recov a2 On e

recovery. 15 900.c

Recoveyy Totgrl 900 ¢ 1‘5- sow -

fast - - Ors0
Recovery L4 900c slow '
15 '900c - non-aged fast
" 16 900 c " non-aged . slow-

5 ' An analysis of the strain w: ch was recoveted durmg rapid heaung to- 200°C
5 (EHRS) versus the controlled varigbles showed significance only for rapid heating to 55
100°C vs. 1/4 deg. C per mmu heatmg to '100°C, 1.e non-precondxgoned versus -

preconditioned.



Exanpl e Sl ow Heat Ti me Fast Heat  on Fast. ...
No. Strain [err] [err] [err] [err] Heat %5

7.40 0. 95 5 mn. 85 0 530 20 6

6. 80 1.20 90 mn. 86 0 4.40 1IN

7.65 1. 60 16hrs. 85 0 4.30 8

1.60 168 hrs. 86 - 0 3.60 From Exanples 4 to 871t

can be-seenzthat the alloys may be def agomis2eit her before or after slbw

heatlng 75
25 Si xteen{sanpl es of (80.8 Wercef Sikhin

Ave

Effects

rethbm%emMc 8.7 wt. [err])

were austenitized at [err] Ofgsf fedtdd fOr 3 m nutes gapyb m nutes then

quenched i nt o room t enper at uPeconditiered Hal f t he san];SB% wer e aged for 10
m nut €s -a err] others wer e nQt age 9evetwee f
bendi ng at *[er] .fghéga g&zs&z“ g ‘g, 50 B The ¥
stress  rel axedng o\tea)v{rame showed) sigmﬁcu deg c
per m nute, coolfechsing vmmtasnmmdefpun@-ptmnh@dtvwsm@ﬂyn o [err]. The
ot her half were heated rapidly to [err | ed to roomtenperature, then
heated rapiiaelly to [err]. The pQlefe Sudirf ﬁ Hott01008¢ greater than 100ldeg.
C per mnute. 35 Themiged €06 t iR heséco p3nTar i zed at fol lows:
35 Austenitization © Aged 0.36 Tr cmdcomditioned 1.2%cat i ng Rate Sanpl e
Tenp. Ti P h 1
3errp i me WE CLAIM IS _Post - quenc to [err] 800c

Qﬁ% tallic composition ha §tsutgtanually redu% dency t lose )
aged 15 n its martensitic and @ustenitic states as comp: th th tendency to 15
non- aged doast of a matenal of the sﬂtﬁe domposition as8ﬂﬁhllg formed into the austenitic
non- aged mg

of uung the loss of revers1b tween the martensitj ﬁ/
fast 6 BOaQEtemuc states Odﬁ a metallic com osmon which therwise occur at ! 7
800c 20 6 M gfbient temperature comprising] @6ld &6l composition kOS e ture above the
800c 6 M, te(rlnpergture while in the @dxte for a umesdlfﬁmvnt to reduce said loss45 9
: ambient te rature.

900 ¢ rﬁtﬁa; The metho?p:f claim 2 w éﬁmﬁp igr to said ho! san? compositipn. 900 C
3 o is heaﬁqqga temperature substan oom tempera d is then quenc
non-aged 25 f ast4. ABe method of A whexem said quiching temperature is a temperatureN ONagged
3m n s| ow #&Qvhich the compositiop Js wholly in tRxOfhstenitic state. 6 i n
aged - ‘B? The Tet?eoxg of claimcy cqraied out substanyisly. assdescribed in any one of
aged- . per-s:hcon-z&QQ:oﬁposmon as clfibdVin claim 1 which, aparf‘ﬁ@maQe‘d
fast 16 . .30 gﬁﬂdeﬂtal xmpurmes, within the area bounded bymmhﬂt Qlesignated 40 on sHeow . A3
anal ysis of the asmmmsrﬁlm yas recpovere d heatl to [err]
55 (EHRS) VgL g“&‘e e@ ﬂ;g?ﬁfaj‘ S‘F ce only
for rapid heating b, mnu eatlngto[err]
i e., non-pBecond]t |89riedoppersm qlncw opaitin esnelaimed in alaxm 1 whlch apart from

1, 490 182 .

Strain Recover ea’cwwgﬁmﬁﬁﬁ.zm

Precondi ti oned mcndental impurities, lies within%e

incidental impurities, lies within the area boundqi tm,;bg b@é’&s‘EP‘F‘b&Q an the, cent _

@tmn as claimed in claim 1 which, apQrt $romd
bounded by thelliR desigaGied meeﬁ theas

repeat ed o0 an cot%gﬁribng 80. 49 wto ercen Cu, 10. 5 . perd@nt
Al ,; 9.01 wt. per P, “gg’i' ' %d dur -
ing rapid heati nge &é%ﬁ T ‘%ﬂ ﬁ%’e arf’h""“"" £y of es'§r| P02 showed

significance for adilnga vuppammrmm:agnmgm@wﬂmﬁas chibied [ifh emmdmm«hnqdrtver sus

precondi ti dhed.

Recovered Above ¥ 8- 4c.

of Examples 2 to 9 herein,

tgs, Jigs within the area bounded by the line desigpaged 40 St r#8i n
f 21 mpanymg
A composmon as claimed in claim 1 substJnQially as described in any one




Un- Aged 1.00 Fast heated 0.15 Aged 0. 36 Precondi tioned 1.21
WHAT WE CLAIM IS:- 1. A netallic conposition having a substantially reduced
tendency to | ose reversi- 15 bilit

austenitic states as conpared with the tendency to 15 do_so of a nateri al
of the same conposition as initially formed into the austenitic st at e A
met hod of reducing the 1oss of reversibility b srtrc
austenific states in a metallic conpositi on Whﬂmm“m]“lm lmse ocC

0 dl

or near 20 anbi ent tenper ature copp! ng ng S"al dq ct)rrposrtl.,on at

0.\ % W

a tenperati . ; : bro—frt : at-e
for ai rre*suffrm ent to reduce sar dA 'L_ anbr ent terrperature 3.
The nethod“of claim 2 whereinf nt%e"g’&‘i"-‘dAﬁQYFdP?t step, said cenposition
S heatedtoaterrperatures P‘ﬁﬁl" |1y ‘above ro ‘ﬁerrperature and is then
guenched. 25 "o .. 4. The. 'ﬁ‘é’ d‘e‘gf clai.m 3:wherefn said quenchi ng ’

tenperaturg is a tmei@ﬁmw&ﬁ wmchno m‘:ﬁngmstptmqmexﬁcuhms y insthe
austenitic stat ewt percefftndl, 1a@dlh@5%ttwasm ;?nﬂr'al ly as

descri bed in any“ﬁ)ﬁé‘dgfa“f’h 7%%%3@‘% S recmf(rrﬁ]lo ’E‘dgg ghowed eI i nc
conposi tion as cf’ TR cr I ' nci dent al
impurities, lies wthin the area boundeeaielmectshe I i ne desi gnated 40 on fhe
30 acconpart% ng Fig. |b. 7. APeewsypirainsRecpictod Abpuecto8'@position as clained in
claim1 which, apart from.i ng‘ESMaI LOGypu Fast by sedq1i5e within the area
bounded by the | i ne desi gnat 60 on%fhe & Fig. Ib. 35

8. A copper-silicorygAnayg QAR EEQn as cl ai rred i n cI aim1l which, apart
from 35 incidentall Ammmmctcbmpmmén 1asing\k hdbs:mhllyaeﬁtﬁaeddmmdﬂ&e Ingvertxhe I | ne

desi gnat ed 180 onbﬂtth IStenific staes ag\¢ WF’!EM%
conposi tion as c W%gﬁ’ﬂwnﬁbéﬂm C’Pﬁ éqm?‘ﬁrpurl ties,
lies within the are!aAbwaed #uclol Ghe bﬁ%d@%lﬂﬂ@t&dveapd@ﬂna}t&ﬁmé%d

acconpanyi ng Fi geustéditic states in a metallic composition which would otherwise occur at or mear
40 10. A c@pper - w DETagIrg, $hey ghwm ch®

apart frominci dﬁ%ﬁﬁlﬁiﬁ @ %g%c\ﬁateﬁ? &% BETHFSEHIBY® t he 1 ne

desi gnated 20 on trnememtmawaﬁg ﬁlgremglﬁmorlasatdﬁhmw alduddinpdsition Zi NC

conposi ti on as chaé mnwtmms ubsiitialishaboweyeant tedperature andfiy then quenrhedlent al '
inpurities®lies w%ﬂtg o § &8&5@@% ?"ﬁ’&"ﬂ femBere SAnSERRPD  450n
the acconpanyi ng’ émﬁ n‘ﬁa 'EQnﬂeE nﬂu?dﬂejof
substanti al | y asthéleampled n any one of to 9 her

1, 490, 182 . 6. A oopper-sﬂlcon-zmc composition as cla:meil m@rnagew@f ﬁm EsonPer c%nt
Strain Recdber ed;g@g%ﬁg’%‘? lF&?t""Pié’?t e} bounded by the line designated 40(on3d

Precondi ti oned 7. A cop r-sxhcon—zm ifon as claimed in A 19%REY s oxﬂ"as

repeat ed- on an ahhdhmat &,ll&gw&ﬂn abta. bopRled B the e dés&ndied thepercent

A, 9.01 wt per F)sa p: sis of the straln WhICh S recovered d
ing rapid ﬁ@atln o s "é‘oqﬂ",gg
si gni ficance for,oaﬂi qr@ §. N0 agi ng anld’ n prec nditione versus

precondi ti oned. Avesr fief-alaminiemXEic composition as clalmed in claim 1 which,[Agarcfeemd St rai n
Recovered Above ﬁ impurities, lies within the area bounded by thy lﬂ?td%&?d 20 op by 4d:ast

ying
heat ed 0. 15" Aged™ 18"} "Gl GuminioRl Okl 38 ciimd sV AR, MEnik Al | S
from mc1dental imputities, lies within the area bounded by the line demgnated 20 on
the accompanying Fig. 4¢ -
_ 11. A copper-aluminium-zinc .composition as. claimed in claim 1 which, apart
45 from incidental impurities, lies within the area bounded by the line designated 40 45
on the accompanying Fig. 4c. :
LI 12. A composition as claimed in claim 1 subsmntxally as described in any one
of Examples 2 to 9 herein. .



1. Anetallic conposition having a substantially reduced tendency to |ose
reversi- 15 bility between its martensitic and austenitic states as

_ i -material of the sane
conmposition as initially formed into the austenitic state. 2. A method of
reduci he loss of reversibility between the martensitic and austenitic
statescféja.nﬁtallic conposition.dhich woul at or near 20
anbi ent\.venper at ure conpri si ng holjdi ng sai d]g m j m terrperature
above the 20 M tenperature while_ in the a rRitkC 6t a or atime
sufficidnt _to reduce said loss at | b43018 %c_ et had
of claim2 whengiA conpositinh ab claifaxi ik jdinirh d isttgtasialiyas &m:hiddmﬂmletll on is, héxted
to a tenperd#@mgwéybstantlajl abuve .room t enperat ur e aH d?{then\quenched.

25 ARGFIR SOESING P £PTRosition, g, qlaiped i 2y pneof Senperature is
a tenper ature 1 5Aaareat%uo&mtebamﬁ,o ﬁwmndpsﬂaalaed Hitmbdinl sl o@UST ENG LI C -
state. 5. The chasiéod Bfordlai m 2, arrl ed out substantially as described in
any one of. the exanples herein. QU A copper-silicon-zinc conposition as
claimed in claim21 which, apa ;,g,i' >--n i'ncidental inpurities, lies
within the area bounded by thaqfi'J» mjnmﬁaed 40 on the 30-.acconpanying
Fig. I'b. 7. A copper-silicon-239 Hﬂhumn as clainmed in claima1 which,
apart from i ncidental |nbur|t|~*,-- <1y he_area bounded by the i ne
desi gnated 60 ginte heH@@@ Of yme mmh ﬁJAmmnonS 1977A

copper - si | i n-zi fFE i?c?ﬁﬁ'&?ﬂt?ﬁmgﬁ 'Ep‘eﬁg, Pulldines a?“ﬁ‘nvi \%f‘gﬁ"’mapart from 35
incidental inpurities, lies withijn the area bounded by the |ine desjgnated
80 on the acconpanying Fig. |b. A ‘copper - al umi ni um zi nc .conposition as
claimed in claim1 which, apart flromincidental inpurities, lies within the
area bounded by the |ine designatijed 20 on the 40 - acconpanying Fig. 4b.
40 10. A copper-al um niumzinc.conposition as clained in claim1 which,
apart fromincidental inpurities, lies wthin the area bounded by the Ilne
designated 20 on thé acconpanying Fig. 4c. 11. A copper-alum niumzinc .
conposition as claimed in claim31 which, apart 45 from i nci dent al
inmpurities, lies within the area bounded by the line deS|gnated 40 45 on

t he acconpanying Fig. 4c. 12. A ,onp05|t|on as claimed in claim1l -
substantially as described in any one of Exanples 2 to .9 herein. 8
1,490, 182 8 13. A conposition as
clalned inclaimil substantlally as descrlbed in Exanple 1 herein. 14. An
artlcle_conpr|3|ng a conposition-as claimed in any one of ¢claims. 6 to 13 or
1. 5 15. A heat recoverable article, "nprising a conp05|t|on as
clainmed in any one : 5 of clains 6 to 13 or 1. [err] Printed for Her
Majesty's Stationery Ofice, by the Corrier Press, Leam ngton Spa, 1977
Publ i shed by The Patent O fice, [25 Southanpton Bui | di ngs, London, . WC2A -
1AY, from whi ch copies nay_be,obtalned - o . '




