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An unusual and hi hly desir ·ble char cteristic

of these all ~s 1 their insensitivenes ' to r t . of

oo11ng from the olu ion t per 'tur • fooled d

tar quenched )amples ill h va identical time hmrd-

ness curves on being gad. Instead of requiring elo ely

eontro11ed condition characteristic of many g harden­

ing loya, these. lloy cannot be ~bjected to

the mal m chanical handling which 11 prevent h den-

in on their being suhsequentliy h ted to the ing

temper tur

The > etlon of these alloy to he t tre tment

i or such ~ unusua1 nature th t the follo ing
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(3) M. Han : Aufbau der Z ei toftle ierungen, Fig. 365.



1 (co on to t d "It 'olld solut 0 of t

illbrium ) 1 t bo 600°0 f

c nt ,d c b1c t- ct , 1 b 10 7 600°0 it

ord red fee n r t tr 1 tructure.

1 e uil brium d1 h b n

d init ;ly conf r ad S I. conti uo o 01 d

olu 10

ti

cyst 111zin on c. f c C4~I~ft~.4d e b· 1

Co 1 t ;

ark has been done on the te y Coppa - an ese~

Nickel S,Y 't • The liquidi: s and s,011dus, urf 'ce or
( )

the Cu.. 'm-Hi . d ·t rmin d by N Parr vano

(4) Parr
Nick 1...--..-'.1I.'~""""-Io,..p."ur."", ...

Kupf' r,
Vol 4,

in 1913 (See igur' 17) No te~ ,y diagr h b n

rk d out for th equl11b,r1um r latio hips 1 th

oli tate

phi •

ElectI'ical Propert1 In 1925 N. B. Pil11'
(5

(5) N. D. Pilling: S~m Eleot ie ~ Propert1e "of Cop­
per-Manganese..-Nickel Alloys Trans,Slctions, Am ' •
Electrochem. Soc., Vol. 48, 1925. p. 171.

T

determined th el ctrlcal propeBtl of 1107

Heround that "anas as the princip 1 element de-

t rminin' r istivitoy. Any copp 'r-nickel alloy 1n'cr a es

in re 1 t ce if n, ~ '6 is added to it Bo h
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on reported on th
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"1 '''il 'ctricaJ. rope tie 0 C m--Ni

lectroly c man Th ,1r dat

lays tar q no d from 1650
0
F

lloy m de from

on resistivity o~

c,omp e favor 1'1

ith that of Pilling for as c ·t b s. In ddition

to this it ;as shown that ing of certain of these

~loys, principally those along the psuedo-bin~y

Cu-MnN1 line esults in i. m~k d de,cre e i r 1s-

tivity. A deere se in resistiv t in as o

noted in lloys in the i edite vicinity of the order-

1tion



tiSJl:'aIle s: s... V 1 t be r

6

e 1 t u on t

(7)

per too 1 1

Phy . C 1 p operti s ,of Cu...

Mn-Ni alloy h vin compositions of 2O%Mn..20%Ni,

2 %Mn-a2~N1, d. 24%Mn 24%N1 th b renee be1n~ coppa
(8)

.ere rapo .ted by R. S. Dean d 8JS loci tas.

(8) R. S'.• ]I 'atn~ J R. L0ng, T. R. Grahmm, and C,. •
M tthews: Age H denin Copp -amg nesa-Nickel
Alloy , -'Transactions, American Society for
Vol. , 1945, p.481

~ens11e stren ths as high as lO,OOOp i.

.I. Th . physicall properties of thes: u.lo

e d v lop...

favor bly th t os of.copper~b ryl 1um loys

mor compre1;le,nsi r vie I of th phys.ic 1
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I h

r ult ch c d the ork

er..

of hours

Th

586 Th

of R s ci te

in eye1 co of' 8J

8 oOe d 0

mor

th 70 e of nickel nd ana e are harden hIe,

the e tent 0 . hardenin i _ere sin i h the nickel and

man ane e content

ana .e content the

1van total n1c:ke:,1 plus man

-mum hardening eff ct 1s obt ned

in lloys containing equ~ proportions of these t ~

elements

Sxructure ~d Proposed Hardening echanism-
(10)

R s. De~ and associates found t dirf rent type

(10) R S. D n, J. R. Lon, T. R. Grah, de.
M tth s: ge H denin Copper- an ese~1 1ck 1
lloy I Transactions, eric Society for etals,

Vol , 1945, P 486.
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ad t t

750 iv1 ld t t

bo d r

r n in 0

d ut 1 ttl t n to

t th 1

1 fo' t n h

ot

t t

b

e 1 re 19­

0m 87

in 1 0d f n tTh

d st te nd fro 88 to 63 mi

t

s per

hnr cto

solution t

ad fro, the cold or ad conce ti,eter cube when

di t,ion.

F a ment y d ta indicate th t these alloys un er 0

volume ehwn e t the aging temperature.
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. haanmer and envil. Each bar was reduced proximately

25% in erosa-section during the hot working oper t1on.

After solution tre ting at 1 QO~-2hrs. Q the bars

w,e,re 'wa ad cold in ste,p (with rui ta.bl inter ediate

anneals) to 0.2£0 diameter.

Al~oy 11 as va.ilable ~ 3/ " bars which e

sw ad col with intermediate nneals to 0.250" di

eta- •. Some 0.250' diameter rods in the olution treated



(1 0 ) I d 1 or d eo d

10

fro Drev r- Co

C 0 it on 5/8

u dil 0 tar J en.

, of

e t 0



11

1 9 • I 6.7
2~. 90.0 10 0
:3 86 7 13
4 83 :3 1 7
5 80 0 20 0
6 76 7 2
7 73 26 '
8 70.0 30 0

66 7 33
10 63 0 37
1 60 0 40 0
12 570 3
1 54 0 46 0
1 o 0 50 0
15. 4 0 5 0



12

(1 . )

y

.1 hPr ly th c

(11) c

•

0 b t

1 t II

1 i 1

no . t solid re .ctio r te ar known to b

e r mely 10 in t e co -r man ane e sys em, th .ff ct

of t ,e t te peratur

1 ct leal r istiv1ty

s det r ned Th han en

th c an e in a in ti~e ·t

B25~ as t

rate of react!

as cr te ion for m -urement 0 t

rod of 60/20/20 as solution treat~

~d then a ad at 8250p At v ious

intervals the aging was interru ted by ter~' enehing

d the resistivity determined. The results are shown

gr phic lly in Figure 2

Alt ou h the resist!vi ty h d not reached aL con­

st nt value evan after 175 bours t the glng tempar­

ture it was considered necessar y t.o utilize an aging

time of 24 hours in future work.

Effect of Aging Temperature- Althou h it is known

that cold workin, ccelerates age hardenin reactions

the first set of bars w ~e aged in the solution treated.
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t , 1650 Th do in 0

in or firth r co lie t th f ,d 0

h nd r i tlvity t r lis i

T 1 II ic 11 i i 3

I cr te e ibo 6000p

r ult 1 ncra d cr

i r v1ty t 1 of 036

t v ty of 55 2 1 em 1,

in t e to 9000

t 11 1y to no t e r 1·

t o 7 -0 t e in te er

100,0 1 t to RB38 but h s but

little effect on the resi~tivlty.

Another s t of bar, I re a d in the '1:as s aged"

condition, th preV10U tre tm nt beln water quench~

in from 12DO~. Tlle hardn ss and res· ativi ty values

for this treatment are also listed in Table II and

hown r ph1cal1y in Figure •

The cold workin results in a lowerin of the

aging tempera.ture for m8JXimum hrdnes , RC45, from

825~ to 600°F and also n increase of 9 points in the

RC hardness. The h dnes re ins constant from 6000 F

to 840°F, 1e the resistivity dropped sh ply to

62.8 x 10-6om-em. at 600Op, reaching minimum of

53 8
..s t SlOOp. Incre ing the agingx 10 om-om•.

temperture above 8400F resulted in marked softening

and increase in resistivity until t lOOOoF the
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e for the

ork on t ty of

o 0 d 1 tru co

ould r ult in rke incre ·e in re i tivit

T e i tivity of t cold ork d d b s ~e

Ii t d in Til III Ther is no ked nora e in

r 1st vity ic ould i 1c t t e pr s no . of

ordered ttice in either the ad or un ed b s.

Effect of Rate of Cooling from the Solution

~ mperatur on the iardness of ged 60/2U!20--

The "as so~ution treated" hardness and aged hardness

of 60/20/'20 after cool n from the solution temper ­

ture of 1300~ at v ious r tas are as fol10s:

Ra.te of C'ooling
from 13000 F

ater Quenched
OOF~our

lOOp/hour

Solution
Treated

RBB6
RB58
RB78

!£ged 825~

RC37 5
RC35
RC35.5
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T LE III

.~..........", 0E f
t

F 0 % 0 %
K

"00 7 78 \
600 77 3 16 5 76 4 tl
700 72 2 13 9 71 9
7-0 68.5 12 0 68 5
82 55 3 192 5
900 75.2 19.8 75 9 56 6 11 3 59 2

1 00 77.0 19.5 77.4 7 5 17 3 79
1 -00 77 ? 1 78 5

t ' 10
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C J_I\lI·'r'1_.I'~I'

014. to 15

ai, 82SCT-L.-.......

termi at 0

T r 'ul v d

i Fi 5.

In t e solution t eated condition both the hard­

ness and resistivity increase directly ith incre sing

MnN content. This, i typic ·1 for solid 01 t:·ion p es,

I th h en ' no h d ni ot d

until composition 0 ch d

A in of 110y h co or

re tar re ults i in r i

decrea e i e st·vi
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T- V

1 00

30 90 RB26 3158
5 37 08 RB32, 3 51

44 28 RB37 4 98
7 9 7 2 49 3
8 3 56 49 RB885 53 71
9 RB48 6 37 RC30 60 02

RB52 70 71 RB84 52 30
1 56 78~7 RC37 53 1
1 RB62 80 0 0-2 5 52
1 R 63 91 71 043 5 60 79
1 67 97 83 C 5 5 6 27
1 72 103 06 C 7 6 t • 8
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r

ncountered due to theeal of b ckground fo

c ttered radi tion.

of 60/20/20

Po er diffraction patterns of filings fr m bars 1

both the un' ad and condition ere identic 1. No

evidence of a. second phase RS obtained. All specimens

sl1.owed a F ce Cent,ered C bic lattice. Similiar r suIts

were obtained from samples using a, round solid wedga.

E'- fect or Compos! tion on the Parameter of Solution

Treated Alloys- B k reflection patterns weFe made of

loys 1, 2, ~, 4, 5, 6, 7, 8, 9, wnd 11 in the solution

treated con·' t1on, 1300C>F 3hrs ... Q. An electrolytic

copper sample was used as a standard for determining the

film to specimen distance. The variation of d313 plane

sp cing with composition is shown in Fi ure 6
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Th -ence of t e bro d, d f se line af r

in is indic tive of intern t strains. ~es& tra n

co Id ori in te in t precipit tion of v ·ry sm 'I

p ticles 0 secon phas t ugho t the 1 tt1c- 0

the parent ol~ solution, t by distortin t p, n

1 ,ttice
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b

t. ad tr cture n

Typic cost ct r for t v rio tr

nts -e ho -n n 7 to 16

~F~1~~__~~~9- The tructure of 60/20/20 a ad

t 7500p 825°F, and 9000p sho s the' be inning of pr ~

c1pitat1on, m ximum precipitation, and pa tial resol­

ution of the precipitated ph Be.

Figures 10 &11- Fi e 10 sho the characteri tic

twinned polyhedral grains of specimen of 60/20/20

w·ter quenched fro:rp 1300~. Fi ure 11 sho s the struc­

ture after aging at 825Op·- brs.- Q.

Figure. 12- Figure: 12 shows the structure of

60/00/20 ater auenched from 130oOF, sw' ed, and ad

ltt 8250 F ..24hrs .-WQ.• Comparin thi structure with that



/0

n fr

c

th tl

or

T e f act of ncrea'i

content on prec pit t·on in llloy ,8,

q enched from 1 OO~ and ad t 8250 1

shown Alloy , hich showed no increase in h dness,

~10WS no precipitation while the amount of precipit t­

ion in lloys 8 andlJl inc .eases ith incre in MnNi

content as does the h dn as.
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Fi ure 9 lOOX
60/ 0/20 16S0Op..2hra.- Q

A ad 8 Op..24hrs-
Diehr t Etch
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/20 1300OF~3hrs.­
. ed ."- one

Dlchro ·te tch

Fi . e 11 500
60/20/20 13000p 3hrs - Q

, ad 825OF-24hrs.- Q
Dichromate Etch
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Fi e 12 500
60/ 0/20 1 DO~~ '.-
S. ad.. ' ad 8ZSOF'-2]

Dichro ~te Etch

Fi ur 13 lOOX
60/20/ ' ad 82SoF

Dichro:m.ate Etch
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t of eo,o on

1 ttl 0

0/ 0/2

o ct 0 t o

e

rodc-n

temperature an e can be e lained as

rkcoldf a

cpto

lmum h..,. ....... r ... ,...,.-s

•
d

t

t eu hout the

T,h I usta

~ec· ens over

fo110vvs. Cold 0 kin incre ses the tendency" for pr ,"

clp1t t10n c in p ecipitation to occur t 10 er

temperature. inca eold work usually results in an

uneven distribution of plastic strain tIle minimum

t mperature for ~mum precipit tion varies from gr in

to grain.

Softening of aged alloys 'ppears to be due to

resolution ra.ther than a glomer ,tion of the precip­

itated phase. Resolution SJIld recrystallization take

place in an overlappin range, pproximately 925~

to lOOOOp.
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1 cyst l of th al oy by the L ue t od

shoul re tlY eluc ate t e subject
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