MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Masters Theses Student Theses and Dissertations
1946

The age hardening of copper-manganese-nickel alloys

William James Barnett

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses

b Part of the Metallurgy Commons
Department:

Recommended Citation

Barnett, William James, "The age hardening of copper-manganese-nickel alloys" (1946). Masters Theses.
4774,

https://scholarsmine.mst.edu/masters_theses/4774

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4774&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/288?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4774&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/4774?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4774&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

THE AGE HARDENING OF COPPER~
MANGANESE-NICKEL ALLOYS

By

WILLIAM JAMES BARNETT

A
THESIS
submitted to the Faculty of the
SCHOOL. OF MINES AND METALLURGY OF THE UNIVERSITY OF MISSOURI
in partial fulfillment of the work required for the
Degree of

MASTER OF SCIENCE IN METALLURGICAL ENGINEERING

Rolla, Missouri
1946

—

Approved By AL
Charles Y, Clayton
Professor of Metallurgical
Engineering and Ore Dressing




Fig. 1

Fig. 2

Fige 3

Fig. 4

Fig. 5

Fig. 6

Figs. 7

II

LIST OF ILLUSTRATIONS

Page

Effect of Aging Temperature on the
Hardness of 60/20/20 Cu-ln-Ni Alloy 15

Effect of Time at 825°F on Resistivity
of 60/20/20 Cu-Mn-Ni Alloy 16

Effect of Aging Temperature on the
Hardness and Resistivity of 60/20/20
Cu=Mn-N1 Alloy 16

Effect of Aging Temperature on the
Hardness and Resistivity of 60/20/20
Cu~Mn-Ni Alloy 17

Effect of Aging on the Hardness and
Reslstivity of Cu~-Mn-N1 Alloys 24

Effect of Composltion on the Inter-
planar dzy= spacing of the Alpha
a1

Solid So on of the psuedo-binary
Cu-MnN1 System 26
to 16

Photomicrographs of Typlcal Structures 30~34

Cu=Mn, Cu~Ni, Ni-Mn Egquilibrium Diagr-
ams and the Ternary Cu-Mn-Ni Liguidus
Surface 38



TABLE OF CONTENTS

List of Illustrations
Introduction

Survey of Literature
Preparation of Alloys

Hardness and Resistivity
of 60/20/20

Dilatometric Changes on Heating
Effect of Composition on Hard-
nessa and Resistlivity of Cu-Mn-N1
Alloys

X=Ray Crystal Structure
Microstructure

Conclusions

Summary

Acknowledgment

Bibliography

Index

Page
IT

12

20
21

25
28
35
37
39
40
41



Introduction

The Bureau of Mines in conjunction with thelr
Electrolytic Manganese Alloys program has developed
a series of age hardening copper-manganese-nickel
alloys having properties which compare favorably
with those of copper-beryllium alloys. The alloy now
being produced commercially i1s of the followlng com=
position: B80%Cu-20%Mn-20%Ni. Average physical proper-

tiea for this alloy are as follows:
YTELD STR, TENSILE STR., ELONG. ROCK.

CONDITION si . psi, _% HARD,
Ammealed “5“""“‘5 000 84,000 30 40 B74
60% CR 124,000 127,000 362 c25
Annealed-Aged 150,000 165,000 540 C45
750°F~24hrs . : :

60% CR-Aged 165,000 190,000 240 €50
750QF =24hrs .

An unusual and highly desirable characteristic
of these alloys 1s their Insensitiveness to rate of
cooling from the solution temperature, Alr cooled and
water qguenched samples willl have ldentical time harde
ness curves on being aged. Instead of requiring closely
controlled conditions characteristic of many age harden-
ing alloys, these alloys cannot be subjected to a
thermal mechanical handling which will prevent harden=-
ing on their being suhsequently heated to the aging
temperature.

The reaction of these alloys to heat treatment

is of such an unusual nature that the following



investigation was undertaken to attempt to clarify the
hardening mechanism of these alloyse.

The alloys used in this investligation were those
along the psuedo~binary Cu~MnNi line between 100% Cu

and 45% Cu. Special emphasis was placed on the 60%Cu=~

207Mn~-20%N1 alloy since this composition is being
produced commerciallye

The effect of various aging and solutlon treat-
ments and cold work on the hardness, resistivity,

lattlice parameter, and mlcrostructure were determined,



Se

SURVEY OF LITERATURE ON THE COPPER~MANGANESEsNICKEL

SYSTEM

Constltutlon of the Binary Systems= The most

recent equilibrium diagrams for the binary Cu~Mn,

Cu=Ni, and Mn~-N1 are as follows:

SYSTEM WORKERS
Cu=NMn Dean, Long, Grah&m,(l)
Potter, and Hayes
Cu=~N1 Guertler and Tamm&nn(z)
Mn~Ni (3)

(l) Re Se Dean, Je Re Long, Te Re G'raih.am, Es Vo Potter,
and E, Te Hayes: Copper Manganese Eguilibrium
System, Transactions, American Society for Metals,
Vole 34, De 443.

(2) No Be Pilling and T. E. Kihlgren: Constitution of
Copper Nickel Alloys, Metals Handbook, 1939 edition,
Pe 1353,

(3) M, Hansen: Aufbau der Zweistofflegierungen, Fige 365,

These egquilibrium diagrams are shown in Figure 17,

The alpha-gamma solid solubllity line of the copper-
manganese dlagram has been accurately determined but
below this solid solubllkty line there exist several
structural anomalles, principally in the reglon 50%=
75% Manganese, which cannot be explained by the present
diagram,

The Nickel=Manganese dlagram as shown is only a
tenative diagram, Ordered lattlices have been establish-

ed at compositions corresponding to MnNi and MnNize



4.

MnNi (corresponding to the delta solid solution of the
equilibrium diagram) exists above 600°C as a face
centered cubic structure, while below 600°C it existas
as an ordered face centered tetragonal structure.

The Copper=Nickel equililbrium dlagram has been
definitely confirmed as a continuous series of solid
solutions crystallizing on a face centered cublc lat-
ticee

Constitution of the Ternary System=~ Very little

work has been done on the ternary Copper-Manganese=

Nickel system, The liquidus and solidus surfaces of )
(4

the Cu~Mn~N1 system were determined by N. Parravano

(4) N, Parravano; Die Ternaren Legilerungen Von Eisen-
Nickel=Mangan, Nickel~Mangan-~Kupfer, Eisen~Mangan-
Kupfer, Internationale Zeitschrift fur Metallographle,
Vol, 4, 1913, Figs, 22 & 23, pe. 184.

in 1913, (See Figure 17) No ternary dlagram has been
worked out for the equilibrium relationships in the
s0lid state.

(5)
Electrical Properties~ In 1925 N, B, Pilling

(5) No Do Pilling: Some Electrical Properties of Cop-
per-Manganese~Nickel Alloys, Transactions, Amer,
Electrochems, Soc., Vol., 48, 1925, pe. 171,

T

determined the electrical propeeties of Cu~Mn~Ni alloys.,
He found that manganese was the principal element de-
termining resistivity. Any copper-nickel alloy increases

in resistance if manganese is added to 1t. Both



copper-manganese and nickel=-manganese alloys are but
little affected by adding elther nickel or copper,
respectively. Reslstivity measurements were made on
speclmens vacuum cast In a 3.2mm. bore sllica tube,
The temperature conditions were so arranged that the
metal would freeze about as soon as the column reach-
ed full heighte Since the results of Pllling were based
on alloys made from aluminothermic manganese(94e67in,
1,75%Fe, le52%31, and 1,80%Insoluble) the reported data
shall be conslidered qualitatively rather than quantie
tatively.

(6)

Re S¢ Dean and Ce. Te Anderson reported on the

(6) Re Se Dean and C. T, Anderson: The Alloys of Man-
ganese=~Copper and Nickel: The Electrlical Reslistance
and Temperature Coefficient of Electrical Resls-
tance, Transactions, American Soclety for Metals,
VO].'. 29, 1941, Pe 899.

2

electrical propeeptlies of Cu-lMn-Ni alloys made from
electrolytic mangenese, Thelr data on resistivity of
&lloys water quenched from 1650°F compare favorably
with that of Pilling for ™as cast™ bars. In addition

to this it was shown that aging of certain of these
alloys, principally those along the psuedo=binary
Cu=MnNi line, results in a marked decrease in resis-
tivity. A decrease in resistivity upon aging was also
noted in alloys in the irmediate vieinlty of the order-

ed M’nNi5 composition,

S5e



Hardness=~ Very little work has been reported in
the literature upon the hardness of manganes?-gopper—
7

nickel alloyse Re Se Dean and C, Te Anderson found

(7) Re Se Dean and C. T, Anderson: The Alloys of Man-
ganese=Copper and Nickel: Hardening in the psuedo-
binary Cu-MnN1 system, Transactions, American
Soclety for Metals, Vol, 29, 1941, p. 808,

an area extending from approximately 12,5%Mn and Ni,
balance copper to 90%Ni~lO0%Mn and 10%N1i-90%Mn in which
alloys could be hardened by water quenching from 16500F
and reheating to temperatures between 425%F to 450°F,
A maximum hardness of 53 Rockwell ™C" was developed in
an alloy of 30%Cu=35%Mn~35%N1i, Maximum hardening is
found in alloys having a manganese to nickel atomic
percent ratio of 1l:1,

Physlical Properties-~ Physical propertles of Cu~

Mn-Ni alloys having compositions of 20%Mn-20%Ni,

227Mn=-22%N1, and 247Mn-24%N1 the balance be%n§ copper
8
were reported by Re S Dean and assoclates.

(8) Re Se Dean, Je Re Long, Te Re Graham, and C, We
Matthews: Age Hardening Copper~Manganese-=Nickel
Alloys, Transactions, American Soclety for Metals,
Vols 34, 1945, pe48l.

Tenslle strengths as high as 210,000psi, were develop~
edes The physical properties of these alloys compare
favorably with those of copper~beryllium alloys.

A more comprehensiwe review of the physical



properties of solution treated and age (temper) harden=
ed alloys containing up to 30% each of nickel and man-
ganese (electrolytic manganese) w?s presented by

9

Maurdice Cook and We O Alexanders
Y

(9) Maurice Cook and We O, Alexander: The physical
Properties and Temper-Hardening Characteristics
of Copper-Nickel=lManganese Alloys, The Journal-
of the Institute of Metals, Vols 13, June 1946,
Pe 581.

Hardness values in excess of 500 (diamond pyramid hard-
ness) were obtained with several of the alloys, the
maximum value being 586, These results checked the work
of Re Se Dean and associates, The optimum heat treat-
ing cycle consisted of a solutihon treatment of 2 hours
at 800°C and reheating to a temper~hardening temper-
ature of 450°C for 2 to 7 dayse. Alloys contalning more
than 7% each of nickel and manganese are hardenable,
the extent of hardening increasing with the nickel and
manganese contents, For a given total nickel plus mans
ganese content the maximum hardening effect 1s obtained
in alloys containing equal proportions of these two
elements,

Structure and Proposed Hardening Mechanisme-

(10)
Re S+ Dean and associates found two different types

(10) Re S. Dean, J. Ro Long, Te Re Graham, and C. W,
Matthews: Age Hardening Copper-Manganese~Nickel
Alloys, Transactions, American Society for Metals,
Vol, &4, 1945, p. 486,




of structures developed depending upon the aging teme
perature. When aged at temperatures up to and including
750°F, a finely divided preclipitate appears in the grain
boundary areas and gradually spreads throughout the
grains. Aging at 840°F and above produces & grain boun-
dary phase that has but little tendency to spread
through the grains themselves,

The precipltate responsible for the hardening has
not been identified as yet, Dean and Anderson have sug-
gested that an ordered phase corresponding to MnNi may
be formed, and its formation at the aging temperature
brings about the hardening.,

There are definite changes in electrical resis-
tance with aging, the resistivity dropping from 87
to 67 microhms per centimeter cube when aged from the
solution treatedvstate and from 88 to 63 miecrohms per
centimeter cube when aged from the cold worked con-~
dition.

Fragmentary data indicate that these alloys undergo

a volume change at the aging temperature.

g,



Freparation of the Alloys

The compositions of the alloys used in this inves~-
tigation are listed in Table I,

Alloys 1 to 9 were avallable from another previous
investigation. They had recelved the following treat-
ment ¢

Cast as 5/8" rounds--hot worked--
1300CF=1hr ~WQ==Swaged to 0,250" Diam,--
13009F=~1 hr.-Ffce, Cooled 1°F/hr,

Alloys 10, 12, 13, 14, and 15 were melted in 200
gram heats in an Induction furnace using an alundum
cruclble, and cast as 5/8"™ rounds in a copper chill
mould. 60%Cu~20%Mn-20%Ni scrap was used as the base
alloy with suitable additions of elther copper shot
or a master MnN1 alloy to obtaln the desired compo=
sitlon. Before casting the melt was deoxldized by the
addition of 0.5% aluminum, These bars were shaken out
hot and placed in a furnace at 1650°F, held for approx-
imately 24 hrs, and water quenched, Any sectlon show-
ing evidence of piping was cut off. After soaking for
2 hrs, at 1650°F each bar was hot worked by means of
a hammer and anvil, Each bar was reduced approximately
25% in cross-section during the hot working operation.
After solution treating at 1300°F~2hrs.-WQ the bars
were swaged cold in steps (with sultable intermediate
anneals) to 0,250"™ diameter,

Alloy 11 was availlable as 3/4" bars which were
swaged cold with intermediate anneals to 0,250" diam-

eter. Some 0,250"™ diameter rods in the solution treated

%



10,

(1200°F=WQ) and cold worked condition were acquired

from the Drever-Harris Corp. Three (3) bars of this

composition 5/8"™ diameter and 4™ long were cast for

use as dilatometer speclmens.



TABLE I
ALLOY COMPOSITIONS

Percent Copper Percent MnNi
95.53 6.7
90,0 10,0
8667 13,3
83 ¢3 16,7
80,0 20,0
7667 2343
7364 26,6
70,0 30,0
6647 3365
6360 3740
60.0 40,0
5760 43,0
54,0 46,0
50,0 50,0
45.0 55.0

11,
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Effect of Aging Temperature and Time on

The Hardness and Resistivity of 60/20/20

Cu-Mn-N1 Alloy

. (11)
Previously the changes in hardness with aging

(11) Ce Yo Clayton: Unpublished material completed by
Advanced metallurgy students at the Mlssouri
school of Mines,

temperature for 60/20/20 had been determined. These
results are listed in Table II and éhown graphically
in Figure le

Since the solid reaction rates are known to be
extremely low in the copper manganese system, the effect
of time at temperature was determined, The change in
electrical resistivity with change in aging time at
825°F was taken as a criterion for measurement of the
rate of reactlifn. A& rod of 60/20/20 was solution treat-
ed at 1650°F-2hrs,.~WQ and then aged at 825°F, At various
intervals the aging was interrupted by water quenching
and the resistivity determined., The results are shown
graphically in Figure 2.

Although the resistivity had not reached a con-
stant value even after 175 hours at the aging temper-
ature 1t was considered necessary to utilize an aging
time of 24 hours in future work.

Effect of fging Temperature~ Although it is known

that cold working accelerates age hardenlng reactions

the first set of bars were aged in the solution treated.



13.

state, 1650°F=2hrs.~NQ, This was done in order to avold
masking or firther complicating the fundamental reactions.
The hardness values and resistivity data are listed in
Table II and shown graphically in Figure 3,

Increasing the aging temperature above 600°F
results in a gradual increase in hardness and decrease
in resistivity until a maximum hardness of RC36 and
minimum resistivity of 55.2 x 100 ohmecm. 1s reached at
825°F, Increasing the aging temperature to 900°F lowers
the hardness slightly to RC26 and increases the reslise
tivity to 75 x 10"6 ohm=cm, Raising the aging tempera=
ture to 1000°F loweras the hardness to RB38 but has but
little effect on the resistivity.

Another set of bars were aged in the "as swaged"
condltion, the previous treatment being water quench-
ing from 1200°F, The hardness and resistivity values
for this treatment are also listed in Table II and
shown graphically in Figure 4.

The cold working results in a lowering of the
aging temperature for maximum hardness, RC45, from
825°F to 600°F and also an increase of 9 points in the
RC hardness, The hardness remains constant from 600°F
to 840°F, while the resistivity dropped sharply to
6248 x 10~8chm-cm, at 600°F, reaching & minimum of
5348 x lo-sohmncm. at 810°F, Increasing the aging
temperture above 840°F resulted in a marked softening

and increase in resistivity until at 1000°F the



TABLE II
The Effect of Aging Temperature on the Hardness
And Resistivity of 60/20/20 Cu~Mn-Ni Alloy

Agig% Tempe HoWo=WQL200% H,We-WQ1L200 1650°F=2hrs ,~WQi 1200°F=2hrs, =WQ#:

CR_50% _ Swaged Cold
Rock. ' Rocke Rock. Resistivity_, Rock., Resistivity
Hard, Hard, Harde ohmecm.x10 Hard, ohm~cm.x10
None RB60 RB88 RB22 7748 RC23.5 7949
400 RB60 RB9O - s . =
500 RB62 RB95 - ——— RC25 7845
600 RB68 RcC21 RBS2 7763 RC45 6269
690 - - - - RC4445 5644
700 RB77 RC35 RB89 7242 - ——
750 - - RC21.5 6845 = -
800 RC26 RC44 - ———— - ————
810 - - - -———— RC47 53.8
825 = - RC35 5543 - ~——
840 - - - ——— RC47 5465
900 RB67 RC40 RC26 7562 RC42,5 56 .6
1000 RB56 RC26 RB39 7740 RB66 7805
1100 RB55 RB71 -- —— RB61 7.7
1200 RB54 RB40 - ———— —— . eee-

* Aged Six Hours
#% Aged Twenty-=four Hours

*PT
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resistivity reached that of the original value for the
unaged bars,
Effect of Cold Work on the Reslstivity of

(10)
Aged 60/20/20~ Dean and Anderson suggested that the

hardening may be due to the formation and precipitation
of ordered MnNi, If this assumption be true, cold work
should result in a marked lncrease in resistivity.

The resistivity of the cold worked aged bars are
listed in Table III, There 1s no marked increase in
resistivity which would indicate the presence of an
ordered lattice 1n elther the aged or unaged bars,

Effect of Rate of Coolling from the Solution

Bemperature on the Hardness of Aged 60/20/20=~

The "as solution treated" hardness and aged hardness
of 60/20/20 after cooling from the solution tempera-

ture of 1300°F at various rates are as follows:

Rate of Cooling Solution

from 1300°F Treated Aged 825°F
Water Quenched RBS6 RC37¢5
40°F /hour RBS58 RC35

10°F /hour RB78 RC3545



TABLE TII

19,

Effect of Swaging after Aging on
the Resistivity of 60/20/20

1650CF =2hrs o =WQ
Aped ~24hrs-WQ

F  Orige %Red.
K

600 T7e3 1645 76 44
700 722 13,9 7149
780 68e¢5 12,0 6845
825 5563 1942 5561
900 7542 1948 7549
1000 77«0 1945 77 o4
1100 - - -

1200CF=2hrs ~WQ
Swaged-~Aged=24hrs ,~WQ

Orige %Red.
K K
78¢5 19,1 7863

Tgo Br%ttle

" L
n n

56 46 11.3 5942
7845 1743 7941
777 18,44 7845

K~Reslstivity=ohm-Cm, x 10™°



Dilatometric Changes on Heating~ An "™as cast"

bar of 60/20/20 was machined to a 1/2" dilatometer
specimene, Using a Rockwell Dilatometer the changes
in length on heating and cooling were noted over a
temperature range of 400°F=1300°F, No abnormal
contractions or expanslons indicative of a phase
change were found,

This same specimen was then heated to 1300°F=
Bhrs.=WQ, heated to 825°F in the Rockwell dilatometer
and the change in length on aging for 24 hours was
determined.

on aging 24 hours at 825°F the specimen con-
tracted 0,0180 inches or approximately 0445%.

20,
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Effect of Compositlon on the Hardness and

Realstivity of Solution treated and Aged

Cus=in=N1i Allovs

Effect of Slow Cooling and Aging on the Resistivity

of Alloys 1 to 9= Alloy compositions 1 to 9 were avalle

able in 1/4" bars which had been furnace cooled from 1300°F
at loF/hour. The resistivity of the furnace cooled bars
was determined both before and after aging at various
temperatures, The results are listed in Table IV,

There was no increase 1in resistivity in the aged
bars which would indicate the presence of an ordered
lattice in the furnace cooled bars,

Effect of Composition and Aging on the Hardness

and Resistivity of Alloys 4 to 15~ 1/4" bars of compo-

sitions 4 to 15 were solution treated, 1300°Fm3hrs,~WQ,
and aged, 825°F~24hrs,.~WQ. Resistivity and hardness
determinations were made both before and after aging,
The results are glven in Table V and shown graphically
in Figure 5,

In the solution treated condition both the hard-
ness and resistivity increase directly with increasing
MnNi content. This is typical for solid solution phases,
In the age hardened condition no hardening is noted
until a composition of 73.4%Cu~26,6%MnN1 is reached,
Aging of alloys having MnNi contents of 26,6% MnNi or
greater results 1n a marked increase 1n hardness and

decrease in resistivity.



TABLE IV
Effect of Slow Cooling and Aging on the Resistivity of Alloys leOx

Cooled from 500°F 600°F 800°F 890°F 1000°F  12000F

Alloy Nos 1300°F@1°F/hre 3Hr WQ 3hroWQ 3hr.WQ 3hr WQ 3hr.WQ  3hrWQ
L. 10,07 10,16 10,16 10442 10452 10476 10474
O 17,81 17427 18423 18441 18477 18,81 18,84
3e 23,82 03 ¢82 2% 59 24,27 24,72 25417 24 495
4, 29,78 29,78 20,46 30479 31,24 31446 32459
54 35422 3545 35045 36438 37,07 37 54 38423
6e 42,87 42440 42,63 43456 44,72 45,64 454,65
7 48,33 48,56 48,33 49,03 50,20 51,13 50489
Se 54 ,86 54 463 55410 55635 56603 58414 57 ¢90
9. 59479 59,79 59,79 60,48 60425 62032 62479

# All values listed ohmecme X 10”6

*33



TABLE V

Effect of Compoflition and Aging on the

Hardness and Resistivity of Alloys

of Cu-Mn-=Ni
13000F=3hrs .~ WQ 1300°F=3hrs 4~NQ
Alloy Noes ___ Ared 825°F=24hrs .~WQ
Rock, K 6 Rocke K >
Hard, ohmecmexl0~ Hard, ohm=cmex10
4 RB26 30,490 RB26 31,58
5 RB32 37 408 RB3245 3551
6 RB37 44 4,28 RB37 44,98
7 RB42 494,67 RB42 49434
8 RB43 56449 RB88,5 53671
je! RB48 61437 RC30 60,02
1056t RB52 70671 RB84 5230
11 RB56 78674 RC3745 53441
12 RB62 80,06 RC42.5 52,610
13 RB63 91,71 RC43,,5 60,79
14 RB67 07483 RC45,45 64 427
15 RB72 103,06 RC47,.,5 67.98

#%* Alloy 10 results discarded due to the fact that
in melting this heat was poured cold leaving
considerable skull in the crucible and as a
result it was an off-analysis heat,
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Effect of Aging Temperature and Composition

On the Crystal Structure of Cu-MnNi Alloys

X~-ray determination by both the powder and back
reflection methods were made to attempt to identify
the precipitated phase, Mo, Cu, and Fe target tubes
were avallable, From an examination of their K emis-
slon wavelengths and the absorption edges of Cu, Mn,
and N1 1t can be seen that the most sultable radlation
would be that of Fe, Due to the fallure of the Fe
target tube and other work being conducted at the same
time the Cu target tube was used.

Cu radiation is greatly absorbed by Mn and a great
deal of background fog was encountered due to the
scattered radiation.

Structure of 60/20/20 Aged at Various Temperatures-

Powder diffractlion patterns of filings from bars 1in
both the unaged and aged condition were identical. No
evidence of a second phase was obtained. All specimensd
showed a Face Centered Cubic lattice, Simillar results
were obtalned from samples using a ground solld wedge.

Effect of Composition on the Parameter of Solutlion

Treated Alloys~ Back reflection patterns were made of

alloys 1, 2, &, 4, 5, 6, 7, 8, 9, and 11 in the solution
treated condition, 1300°F~3hrs.=WQ. An electrolytic
copper sample was used as a standard for determining the
film to specimen distance, The variation of d315 plane

spacing with composition is shown in Figure 6.
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Since precipitation of a second phase from a sole
vent lattice normally results in a slight contractlion
of the lattice of the parent solid solution, béck
reflection patterns were made for 60/20/20 in the sol-
ution treated condition, 1650°F~2hrs,.~WQ, and after
aging for 24 hrs., at 825°F, The results showed a decrease
in dzyz for the unaged sample of 0,8369A% to 0,83524°
in the aged sample. Aging not only resulted ina shrinke
ege of the parent lattice but also a decided broadening
of the diffractlion line so that the K doublet was not
resolvable,

The presence of the broad, dlffuse line after
aging is indicative of internat strains, These strains
could originate in the precipitation of very small
particles of a second phase throughout the lattice of
the parent solid solution, thereby distorting the parent
lattice,
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Microstructure

Samples were taken from each of the rods after
each of the heat treatments, mounted in bakelite,
pollished and etcheds In all cases a potassium
dichromate solution of the following composition:

2 grams KoCrp0n, 8 cce concentrated HoSO4, 4 cc.
saturated NaCl solutlon, and 100 cc, Hg0, was used
as the etchant,

The tlme of etching varied from specimen to
specimen, In general a ruch longer time was necesseary
to etch unaged alloys. In the aged alloys the grain
boundary precipitate etched very rapidly making it
difficult to bring out the twinned structure within
the grains,

Typlcal microstructures for the various treat-
ments are shown in Figures 7 to 16,

Figures 7, 8, 9- The structures of 60/20/20 aged

at 750°F, 8259F, and 900°F shows the beginning of pre=-
clpitation, maximum precipitation, and partial resol-
ution of the precipltated phase,

Figures 10 &ll- Figure 10 shows the characteristic

twinned polyhedral grains of a specimen of 60/20/20
water quenched from 1300°F, Figure 11 shows the struc-
ture after aging at 825°F-24hrs.-WQ.

Figure 12~ Figure 12 shows the structure of
60/20/20 water quenched from 1300°F, swaged, and aged

at 8259F=24hrs,.~-WQ, Comparing this structure with that
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of Figure 11 the effect of cold work on the pre-
cipitatlon process can easily be seen, The cold work-
ing increases the ™internal surface" of the grains

by the formation of slip lines and other lattice lmper-
fections at which precipitation may take place. Thus
the precipitation in the aged cold worked specimens
takes place throughout the grains rather than prefer-
entially at the gralin boundaries,

Flgure 13- Figure 13 shows a duplex grain struc-
ture in an aged specimen of 60/20/20, This clearly
indicates the influence of grain size on the harden-
ing of as-solution treated specimens, Since the pre-~
cipitation 1n strain free grains 1s a graln boundary
process the amount of precipitation is proportional to
the grain "surface area" which increases greatly with
decreasing grain size,

Figures 14, 15, 16~ The effect of increasing MnNi

content on precipitation in alloys 4, 8, and 11 water
guenched from 1300°F and aged at 825°F~24hrs.=-WQ is
showne. Alloy 4, which showed no increase in hardness,
shows no precipitation while the amount of precipitat-
ion in alloys 8 and 1l increases with increasing MnNi

content as does the hardnesse.
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Figure 7 100X
60/20/20 16500F~2hrs .=VQ
Aged 750°F=24hrs,-WQ
Dichromate Etch
-
B W
Figur 100X

e 8
60/20/20 1650°F=2hrs ,-WQ
Aged B825CF~2hhrs .-WQ
Dichromate Etch
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Figure 9
60/20/20 1650°F~2hrs ¢=WQ
Aged 825°F~24hrs ~WQ
Dichromate Etch

100X
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Figure 10 ' 500X
60/20/20 1300°F-3hrs .-WQ
Aged ~- None
Dichromate Etch

Figure 11 500X
60/20/20 1300°F~3hrs .~WQ
Lged 825°F-24hrs o~WQ
Dichromate Etch
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Figure 12 500X
60/20/20 1300°F-3hrs,-~WQ
Swaged-Aged 825°F~2¢hrs .-WQ

Dichromate Etch

Figure 13 100X
60/20/20 Lged 825°F
Dichromate Etch
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Conclusions

The rate of cooling from the solution temperature
has little or no effect on the final hardness of aged
60/20/20,

Regardless of aging temperature precipitation in
strain free solution treated specimens is a grain
boundery phenomenone. Therefore the amount of precip-
itation is greatly influenced by grain size,

Cold working before aging accelerates the pre~
cipitation process, Slip lines and other lattice
imperfections produced by cold work increase the
Minternal surface™ of the grains, thereby producing
points for the nucleation of the precipitating phase
throughout the gralne

The sustalned maximum hardness of aged cold worked
specimens over a temperature range can be explained as
follows. Cold Working increases the "tendency" for pre-
cipitation causing precipltation to occur at a lower
temperature. Since e¢old work usually results in an
uneven distribution of plastic strain the minimum
tamperature for maximum precipitation varies from grain
to grain,

Softening of aged alloys appears to be due to
resolution rather than agglomeration of the precip=-
itated phase, Resolution and mecrystallization take
place in an overlapping range, approxinmately 925°F
to 1000°F,
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The precipitated phase has not been ldentified,

The drop in resistivity on aging may be attrlbuted
to the depletion of the manganese content of the par-
ent supersaturated alpha solid solution by the preclp~
itation of a manganese rich phase, Pilling has shown
that the resistivity of Cu-Mn-N1 alloys is principally
a function of the manganese content,

Assuming the preclipitated phase to be MnNi, the
composition of the matrix may be approximated by com-
paring the d,,. spacing (0.83524°) of the aged specimen
of 60/20/20 with the graph of Figure 6, A dgy value of
0.83524° corresponds with a so0lid solutlon composition
of 70% Copper-30% MnNi. The resiativity of a solid sol-
ution of thils composition, from Figure 5, 1s 58 x 1076
ohm-cm. compared to an actual resistivity of 53.3 x 107°

ohmecm,
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Summary
A study of the hardening characteristics was

made on alloys of the psuedo=binary Cu~MnNi system
between 100% to 45% copper. Attention was focused
mainly on the alloy 60%Cu, 20%Mn, 20%Ni.

The effects of cooling rate from solution temper-
ature, cold working, aging time and temperature, and
composition on hardness, resistivity, and lattice par-
ameter were determined. The mlcrostructures were ex-
amined and photomicrographs were taken of the typlcal
microstructures,

In view of these facts a description of the hard-
ening mechanism for these alloys was presented,

Further work 1s necessary to positively iden~
tify the precilpitated phase. An X=ray study of sin-
gle crystals of these alloys by the Laue method
should greatly elucidate the sub ject,
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