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ABSTRACT 

UCRL-10488 

The effect of zinc concentration on the dislocation arrangements 

and stacking fault energies in deformed ~-brasses has been investigated 

by transmission electron microscopy. With increasing % zinc, the stacking 

fault energy y decreases up to 30% zinc, above Which y rises or falls 

depending on prior heat treatment. At the same time, paired dislocations 

are observed. Some of these are dislocations of opposite sign, but others 

may be due to ordering. Dislocation cell structures are observed for 

alloys < 22% Zn and the diameters of the cells decrease with increasing 

% Zn until > 22% Zn dislocations remain in their slip planes as pile-ups 

and short stacking fault ribbons. Above 30% Zn faults are replaced by 

dislocation pairs. 

The yield strengths of the alloys are discussed in terms of y and 

the observed substructures. 
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l. INTRODUCTION 

The relationship between mechanical properties and substructure 

is one of the major concerns of the physical metallurgist and much know-

ledge has been acquired over the past few years, notably as a result of 

many investigations utilizing the technique of transmission electron 

microscopy. This method gives valuable information regarding the types 

of dislocations, their densities, arrangements and interactions. In FCC 

systems there is now much interest in how these are affected by solute 

l atoms (for review see Swann ). It is now known that generally, although 

not invariably, solute atoms lower the stacking fault energy y and hinder 

the formation of dislocation tangles and three-dimensional cell structures. 

This paper describes a detailed investigation of the structure-property 

relationships of a-brasses in which attention has been paid to the effect 

of zinc concentration upon y, the dislocation arrangements, and yield 

stresses .. 

2. EXPERIMENTAL 

Specimens of Cu-Zn alloys with zinc contents varying by 2% up to 

34%, were prepared from 99.999% pure copper and zinc by melting the com-

ponent metals in sealed quartz tubes. Mixing was done after miU ting by 

rapidly rotating the tubes, after which they were immediately quenched 

into water. This technique ensured a minimum loss of zinc through vapor-

ization. The alloys were again sealed in quartz tubes and homogenized 

for one week at 850°C. Chemical analyses showed that the total impurity 

content was 0.002% and that the alloys were within 0.3% of the nominal 

zinc concentrations. Both wire specimens and foils were prepared from 



... 

-3- UCRL-10488 

each cast and ho::nogenized alloy; the· wi:res, 0~ 1 em dia.,, were obtained by 

extrusion and the foils by cold rolling.. Both types of specimens were 

given similar heat tree~tments so as to achieve the same average grai.n 

sizeG 1 v1.z., Ool rrnn (± Oc03 mm.) for each composition (neglecting twin 

boundaries)" ~J:lhe schedule adopted for the foils was as follows g After 

the 850°C anneal, sheets were cold rolled to 0.15 ins, thickness and an-

nealed again for one hour at 400"'C in an evacu..~ted pyrex tube_p final cold 

rolling vras done to a, thickness of Oo003 inso :fol.low~d by successive ~---·1 

armeals :for one hour each s,t 600°C and. 4o0°Co The specimens were then 

allowed to f"urnace cool to room temperature. Both 1i7ires and. fo:i.ls were 

-3 dei'Ol"'llleCl in an Instron Universal testing machine at a strain rate of 10 • 

The wires were used to obtain stress-strain data a,t temperatures 77°K; 

203°K; 273°K and 373°K respectiv-ely" 1rhe foils were examined after 4.4% 

a;nd. 10% strain at 273ClK. S:ince both wires and foils came from the same 

cast specimens c-md had the same grain sizes, :i.t 1vas possible to correlate 

the electron microscopy results with the tensile data for each alloy. In 

orcle1~ to check the 110e.sfbility of ordering effects on substructure, some 

specimens were quencheCJ. 1nto iced brine from 800°C, elongated 5% at 0°C 

and then examined in the elect:ron microscope.o Some samples were also aged 

at 200°C both after quenching and furnace coolingo 

Specimens sui ta:ble for t:ransmlssion electron microscopy were then 

p:repared by ei.ther electropol.ishing in a solution of 33% ni t.ric acid and. 

6cr% methyl alcohol (at -30o-C) or by chemical. polishing in a .solution of 

50% nitric acid, 25% orthophosphoric acid and 25% acetic add •. All the 

foils rrere examlned in a Siemens Elmiskop lb electron microscope operated 

at ~LOO kV" 
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3.· RESULTS 

3.1 The Stacking Fault Energies 

2 Howie and Swann estimated the stacking fault energies of Cu-Zn and 

other alloys using tr-ansmission electron microscopy, from measurements of 

the radii of curvature of dislocation nodes. 3 A similar method was used 

in this investigation, whereby nodes were selected from areas of foils in 

[110] orientation. These nodes lie in (lll) planes at 35° to the foil 

surface. The radii, R, were then projected orthographically and measured 

by the tangent method. Ten nodes were measured for each composition. The 

apparent stacking fault energy y was determined from the relationship 

y = Gb2 /2R and.the results are plotted in Fig. 1, together with those 

obtained by Howie and Swann. These results may be ~ 30% on the low side 

for small nodes because the repulsive forces between the partial dislo-

cations at the node have been neglected. 4 

The shear modulus values, G, for {lll} <110> were calculated from 

Rayne's data5 of the elastic constants, and are given in Table I. These 

are ~ 40% lower than the average G values obtained in our laboratory 

using ultrasonic techniques for Cu-Zn polycrystals. However, since the 

effects of interest here relate to <110> displacements in {111}, the 

single crystal data of Rayne were considered to be more appropriate. 

The actual values of y often varied quite considerably in the same 

specimen. For example, in areas which were only 2 ~ apart, the radii 

differed by a factor > 2. In some of these cases, distortion of the nodes 

due to the influence of the stress fields of neighboring dislocations is 

evident when the node is projected orthographically. Only symmetrical 

nodes were used to determine the results shown in Fig. l. 
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It can be seen that for furnace-cooled alloys the apparent stacking 

* fault energy decreases to a minimum at about,30% Zn and then rises quite 

steeply as the phase boundary is approached ("' 3:5% Zn). At the same time 

the dislocations tend to be arranged as close pairs, most of which appear 

to lie in the same slip plane and are of the same sign. Aging these sam-

ples for one hour at 200°C produced no changes in y or dislocation arrange-

ments. However, for quenched alloys, y falls continuously with increasing 

zinc content, the results closely following those of Howie and Swann.
2 

In these cases the density of dislocation pairs was appreciably less than 

in slowly cooled specimens and most of the pairs tended to lie on closely 
I 

6 
spaced parallel slip planes and are of opposite sign. Swann and Nutting 

have observed in a Cu-7% Al alloy that on heating to above 340°C the apparent 

stacking fault energy increases and that dislocations tended to pair. We 

have observed a similar effect at room temperature in Fe-Cr-Ni alloys with 

increasing nickel content. 7 Alloys of 30% Zn and higher were quenched, 

aged one hour at 200°C and then deformed 5%· After this treatment, the 

nodes were appreciably smaller than in quenched alloys. Figures 2 (a), 2 (b) 

and 2(c) show nodes in two alloys after various heat treatmentso These ex-

periments show that the radius of curvature of nodes is determined by the 

thermal history of the specimen, i.e., by the manner in which solute atoms 

are arranged in the lattice. The increase in apparent y in quenched-aged 

specimens shows that segregation of zinc atoms to dislocations is relatively 

8 9 unimportant since a Suzuki effect ' would be expected to give rise to a 

decrease in y upon aging. 'I'h~.s is also supported by the fact that aging 

furnace-cooled alloys causes no change in the apparent stacking fault energy. 

* The term "apparent stacking fault energy" is used to signify that 
y has been estimated only from nodes. 
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3.2 Dislocation Pairs 

There was a tendency for dislocations to exist as close pairs in 

all alloys in excess of 24% Zn. Two types of dislocation pairs have been 

observed in these specimens. 

Firstly, in quenched alloys the pairs were resolved to lie on 

parallel {lll} planes and appear to be mainly near-edge dislocations of 

opposite sign and exist as piled-up groups. For example, in Fig. 3(a) the 

dislocations A and B lie on nearby, parallel slip planes and exhibit fringe 

contrast which appears on the same side for those on one of the (lll) 

10 
planes but on opposite sides for those on the other (lll) planes. This 

configuration probably results from the fact that when the stacking fault 

energy is small, dislocations tend to remain in their slip planes and there 

is a good chance that neighboring dislocations are of opposite sign. Under 

stress, these move in opposite directions and tend to align themselves into 

pairs of dipoles (Fig. 3(b)), similar to dipoles produced by moving screw 

dislocations containing jogs. When the foil is tilted, Figd 3(c), one ODtaln 

obtains a pseudo stacking fault fringe contrast effect due to the variation 

in electron intensity with depth in the crystal. This phenomenon was first 

ll pointed out by Swann and Louat who further showed that close pairs can 

also give rise to pseudo Moire images and that such effects do not necess 

sarily represent the existence of solute atom segregation to stacking faults. 

Secondly, in furnace-cooled or quench-aged samples, many pairs are 

observed to lie as fairly uniformly spaced groups in the same slip planes 

and appear to consist of dislocations of the same sign. The density of 

such pairs increases with increasing zinc content, and, therefore y (Fig. 1). 

Examples are given in Figs. 4, 5 and l2(e). The fact that they are of the 

6 

i 



... 

-7- UCRL-10488 

same sign is suggested by: (1) fringes are sometimes observed on the same 

sides of the dislocation images (Fig. 5) although this effect is extremely 

difficult to resolve.; (2) pairs were sometimes observed to niove in the 

same direction in the microscope after prolonged exposure to the beam; 

(3) the pairs in Fig. 12(e) are in near-screw orientation and if they were 

of opposite sign would tend to cross~alip together and annihilate; . (4) the 

observed increase in pair density with increase in y is inconsistent with 

pairs of opposite sign. Pairs are definitely not due to double image con-

12 trast as determined by tilting and dark field experiments. The spacings 

between pairs of the same sign are a function of the zinc concentration. 

Also, the apparent stacking fault energy increases when such pairs are 

observed (Fig. 1). These phenomena immediately suggest that ordering 

occurs in the slowly cooled or aged alloys, but not in quenched specimens. 

3.3 Ordering Possibilities 

Dislocations are expected to move as pairs in long-range ordered 

alloys; the leading dislocation disorders and the trailing one re-orders 

( . 13) the lattice e.g., see Marcinkowski • If one assumes the existence of 

14-19 long-range order in ~-brasses (there is no evidence as yet for this ), 

the superlattice is likely to be Cu3 Zn, i.e., Ll2 and the superlattice 

dislocation would be as shown20 in Fig. 6. The spacings, r, between super

dislocations can be calculated by the method of Marcinkowski et a1.20 The 

details of this calculation will not be repeated here. Table I shows the 

* calculated results compared to the observed spacings between pairs ·JQor 

furnace-cooled alloys. A critical temperature of 60°C was assumed for the 

calculation15, 16' l9 and S (the long-range order parameter) was determined 

* The observed r values are the true spacings between pairs determined from 
the projected spacings on the micrographs. 



% Zn 

10 (8=0.2) 

20 (8=0.73) 

8=1 \ 
8=0.8 

25~ 8=0.7 ·~ 
8=0.6 

( 8=0. 5 

28 (8=0.84) 

,-8=1 

1 8=0.8 

30-< 8=0. 73 ~ 
) 

8=0.7 

8=0.6 

'-8=0o 5 

32 (8=0.57) 

33·5 (8=0.47) 

TABLE I 

G X 10-2 y Calc. ~e = -30°) r Calc. _( e = 60°) max 
0 

dyn/cm2 erg/cm2 0 

r2~1A) 
0 

r(A) obs. (A) 
0 

r 1 (A) 

0.284 7.06 128 2451 47 

0.256 3-27 49 208 183 21 

1\ 29 114 12 

I 44 177 18 

0.25 )> 2.77 53 226 24 

68 303 29 

88 426 39 

0.248 2.60 40 159 190 15 

29 115 12 

43 177 19 

0.248 >- 2.49 51 211 22 

55 229 250 24 

71 306 30 

92 434 39 

0.248 3.4 6o 272 350 27 

0.248 4.2 82 467 264 36 

Calculated r and r 2 spacings for furnace-cooled alloys 

assuming long-range order with T = 60°C 
c 

compared to observed spacings between dislocation pairs. 

0 

r(A) 
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69 
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139 

186 

266 

95 

70 

109 

129 

141 

189 

268 

170 

293 

r . mln 
0 

obs. (A) 

180 

100 

148 

120 

95 

§ 
~ 
I 

1--' 
0 g 
co 
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in the usual way (based on Cu3 Zn). It should be noted that the agreement 

between eXperiment and calculation is quite good and that the spacings in 

Fig. 4(a) correspond well to the calculated spacings for edge superdislo-

cations for the Cu-32% Zn alloy (e = -30°) Table I). The r 1 spacings 

(Table I) would be too small to be resolved in the microscope. These re-

sults alone might well be taken to positively indicate long-range orderingo 

However, specimens heated to 200°C after furnace cooling should be dis-

15 16 
ordered (since T is below 75°C -- Clarebrough et al. ' )j yet there 

c 

was no apparent change in pair spacing or stacking fault energy. Also, 

quenched alloys heated to 200°C give rise to the same structures as observed 

in slowly cooled alloys. Thus, the existence of pairs of the same sign and 

the increases in y shown in Fig. 1 cannot be due to long-range ordering if 

16 
the critical temperature is below 200°C, as is believed to be the case. 

There is ample evidence for short-range ordering in alpha brasses 

and the critical temperatures decrease from 280°C (Cu-10% Zn) to 230°C 

(cu-32do Zn).l4-18 21 h t i ~ However, recent work by Otte suggests t at clus er ng 

rather than ordering is to be expected, at least in the Cu 30-35% Zn alloys. 

Now there is no tendency for dislocations to travel in pairs in aluminum 

22 alloys where clustering is known to exist (see, e.g., Thomas ), although, 

of course, the stacking fault energy is considerably larger there than 

in brasses, and Seeger23 suggests that pairs might be expected, with short-

range ordering (the trailing dislocation pushes the leading one through 

the alloy). At the present time, therefore, the explanation of the forma-

tion of pairs of dislocations of the same sign seems best explained by 

short-range ordering, as this fits in well with the experimental facts 

6 
and can also explain previous results on Cu-Al allpys. 
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3.4 Relationship between Mechanical Properties and Substructures 

Figure 7 shows some typical stress-strain curves for furnace-cooled 

specimens deformed at 273°K. At and above 8% Zn ail the alloys exhibited' 

discontinuous yielding, as shown by a stress-strain curve for a Cu-22% Zn 

wire specimen in ]iig. 8.. Decreasing the temperature of the tests decreased 

the amount of the yield strain, and the yield strain appeared first at a 

higher zinc concentration. Yield strains were not observed in quenched 

specimens. Figure 9 shows the variation of the yield stress cry (obtained 

by the tangent method - Fig. 8) with concentration and temperature. For 

quenched Cu 30-33!% Zn alloys deformed at 273°C; cry is higher, as shown in 

Fig. 10. It can be seen that cry is a maximum for the furnace-cooled 26-30% 

Zn alloys for temperatures between 203°K and 373°K. When cry (273°K) and 

y are plotted against % Zn (Fig .. 10) 1 it is seen that oy varies inversely 

with y for all heat treatments. Thus, the Cu-18% Zn alloy has the same 

yield stress as the 32% Zn alloy (points A; B, Fig. 10) if both are furnace 

cooled prior to testing. This suggests that the most important single 

parameter determining the yield strength is the stacking fault energy, 

although ordering or clustering and Suzuki locking effects cannot be dis-

regarded (see section 4) .. 

An attempt was made to correlate the changes in dislocation density 

24 
with % Zn from measurements on the photographic plates (e.g., see Ham ). 

However, as can be seen from the results plotted in ]iig .. 11, the scatter 

in the data for a single specimen is of the same order of magnitude as 

the overall change in density even though determinations were all made 

from areas of the same orientation (L.e.,, <110>).. These results show that 

density measurements from polycrystalline samples in which the magnitude 

of the strain may vary considerably from grain to grain should not be 
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taken too seriously. The only reasonable conclusion that can be drawn 

from Fig. ll is that the density does not appear to change very much with 

% Znj and it is the change in dislocation arrangement that is important. 

As shown in Fig. 10, the changes in arrangement correlate very well wi·th 

the changes in y. 

The observed changes in dislocation configuration with increasing 

% Zn are illustrated in Figs. 12(a)-(e) for furnace-cooled specimens 

deformed 10% at 273°K. These micrographs show that for low zinc alloys 

(y > 5 ergs/cm2
) the dislocations form tangles and well-defined cell 

boundaries for strains of 4% and larger. Above 22% Zn (y < 4 ergs/cm2
) 

cells are not observed, as dislocations prefer to remain in their slip 

planes as pile-ups. With increasing % strain and for increasing % Zn for 

a given strain, the cell diameters decrease (Fig. ll) and c~ll walls are 

observed to lie along slip traces (Fig. 12) as has been found for stage III 

in the deformation of Cu-Al single crystals. 25 As might be expected from 

these observations, the cell diameters and the spacing between active 

slip planes fall on the same curve, as shown in Fig. 11. Above 26% Zn 

:paired dislocations are observed in place of stacking fault ribbons.. These 

results confirm that lowering the stacking fault energy hinders cell for

mation and cross-slip.
1

' 6' 25 Deformation twinning was not observed in 

these experiments. 
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4. DISUUSSION 

4.1 Stacking Fault Energies and Yielding 

The following summarizes the observations made in this investi-

gation concerning the apparent stacking fault energies y: 

1. y falls continuously with increasing % Zn for all alloys ~uenched 

from 800°C. 

2. y rises for alloys in excess of 30% Zn if specimens are slowly cooled 

from 400°C or ~uenched and aged up to 200°C and then deformed. 

3. y is unchanged for slowly cooled or air cooled2 alloys aged after 

deformation. 

4. When y increases, a high density of dislocation pairs, apparently of 

the same sign, is also observed. This phenomenon is also found in 

Cu-7% Al
6 

and Fe-Ni-Cr alloys. 7 

5. The above effects are more prciqourtced as the ~~~ + ~ phase boundary 

is approached. 

The most puzzling feature of these results is the apparent increase 

in y concomitant with the appearance of dislocation pairs, Whilst at this 

time it seems that short-range ordering is the most likely reason for pairing, 

it is not immediately apparent why short-range order should increase Yo 

Actually, it is more likely that the decrease in radii of curvature of nodes 

upon aging and deforming after ~uenching is due to the increased resistance 

offered by ordered (or clustered) zinc atoms to the dislocations. In other 

words, in ~uenched alloys where a random distribution of zinc atoms is ex-

pected, upon deformation, a node may expand to its e~uilibrium size and will 

be truly representative of y. Now a ~uenched specimen aged to 200°C and 

then deformed, or furnace-cooled and deformed material, contains ordered or 
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clustered zinc atoms wbicb may prevent the partials at the node from 

expanding fully. The size of the node then depends primarily on the mobil-

ity of the partials and is structure sensitive. The measured values of y 

from nodes may thus not be representative of the true stacking fault energies. 

The fact that nodes do not expand upon aging does not support a Suzuki 

mechanism of segregation of zinc atoms to faults. Similar conclusions have 

2 ~ been reached by Howie and Swann and Otte. 

There are still conflicting views regarding the arrangement of zinc 

atoms in aged alloys. Clarebrough et a1. 15 ' 16 and other workers 17-l9 

interpret their specific beat data in terms of short-range ordering. On 

the other band, Otte21 believes that zinc clusters are formed since be 

observed a small decrease in lattice parameter upon aging Cu-30% and -35% 

Zn alloys. The yielding phenomena (Fig. 8) and the temperature dependence 

of cry (Fig. 9); wbicb depends on the zinc concentration (and therefore y) 

may be explained either by dislocation-dislocation, dislocation-order
8

' 26 

or dislocation-cluster
28 

interaction or a combination of these. However, 

the phenomenon of dislocation pairing is better explained by short-range 

ordering than clustering, particularly in view of the fact that in aluminum 

alloys where clusters (or zones) are known to exist, dislocations have 

22 never been observed to move in pairs (see, e.g., Thomas ). Furthermore, 

clusters have not yet been resolved during the present work. 

The situation regarding the details of the yielding behavior and 

the temperature dependence of cry (Fig. 9) remains very complicated. Since 

discontinuous yielding was not observed in quenched alloys, this phenomenon 

must be attributed to the difficulties encountered by dislocations in 

overcoming short-range order. This is consistent with the fact that the 

yield strain increases with increasing zinc content. It is possible to 
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rule out Suzuki effects for the reasons discussed above and because 

Suzuki locking is not expected to be very temperature dependent. In fact, 

Dorn and Hauser27 have shown that cry due to Suzuki locking in a Ag-Al 

alloy actually increases with increasing temperature. At least three 

other mechanisms are known to give rise to temperature dependences of cry, 

similar to those shown in Fig. 9, namely, cross-slip_,29 dislocation inter-

30 31 section, and the motion of jogged screw dislocations. As shown earlier, 

the most important single parameter controlling cry appears to be y (Fig. 10), 

particularly since q_uenched alloys (no order) are stronger and have lower 

.apparent stacking fault energies than slowly cooled or aged alloys (ordered). 

~e variation in cry with % Zn thus correlates well with the corresponding 

variation in y. ~e maximum value of cry is expected in alloys where y. is 

a minimum since cross-slip, intersection, and overcoming solute atom 

barriers is more difficult the smaller is y. 

4.2 Effect of Zinc on Dislocation Arrangements 

The results show that increasing the zinc content lowers the stacking 

fault energy until above 30% zinc, y may continue to fall or increase, de-

' pending upon prior heat-treatment. At the same time, the yield stress 

varies approximately inversely withy, (Fig. 10) and cells are not observed 

for y < 4 ergs/cm2 (Fig. 12). These results show that the magnitude of the 

stacking fault energy, together with ordering/clustering effects, are the 

most important factors in determining the dislocation afrangements and 

mechanical properties of the a.-brasses. The reduction in cell size and 

the gradual elimination of cells as y decreases can be best understood on 

the basis of the inhibition of cross-slip as y decreases. For relatively 

low values of y (22~30% Zn) the dislocations tend to dissociate into 
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partials so that constriction is necessary for intersection or cross-slip 

to occur. For such alloys, therefore, the dislocations prefer to remain 

in their slip planes rather than form complex tangles and cell boundaries. 

The tendency to form dipoles from near-edge dislocations of opposite 

sign on parallel slip planes with decreasing y is also expected since, for 

low values of y, dislocations will remain in their slip planes. There is 

then a good chance that during deformation neighboring dislocations of 

opposite sign will, on passing each other, form dipoles. Also, this effect 

would tend to eliminate nearby screw dislocations of opposite sign. Swann 

11 
and Louat suggest that this behavior is an important stress relaxation 

mechanism. 

The above description of the effect of y in determining the dislo-

cation morphology seems to be more valid than the theory of point defect-

dislocation interactions described by Kuhlmann-Wilsdorf et a1. 32 1 
Swann 

has arrived at similar conclusions from experiments on brass and other 

copper and silver base alloys. 
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Figure Captions 

Apparent stacking fault energies of Cu-Zn alloys determined from 

radii of curvature ofdislocation nodes. Swann and Howie's 

results2 are also plotted for comparison. 

Illustrating the influence of heat treatment on the size of nodes: 

(a) d:u-28% Zn furnace cooled, 4~~4% Strain, (b) Cu-33~ Zn quenched 

from 800°C, deformed 5%, (c) Cu-33!% Zn quenched from 800°C, aged 

l hour at 200°C, deformed 5%. All foils in [110], X 8o,6oo. 

Fig. 3 Showing formation of dislocation pairs of opposite sign in 

quenched Cu-33~ Zn deformed 5%, X 35,000: (a) dislocations on 

adjacent planes A B of opposite sign (dipoles), (b) pile-up of 

dipoles, (c) as (b) after tilting, X 40,000. Orientation [101]. 

Fig. 4 Dislocation pairs in furnace-cooled Cu-32% Zn alloy: (a) deformed 
0 

4.4%; average spacing between pairs, e.g., A-B is 245 A. Notice 

single dislocation c. X 38,000, (b) deformed 4.4%. X 15,000. 

Notice unusual contrast effects at A. Orientation [110]. 

Fig. 5 Dislocation pairs in furnace-cooled Cu-28% Zn deformed L5%· 

The pairs may be of the same sign since the fringes are on the 

same sides of the dislocations, e.g., at A. X 25,000. 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

The superlattice dislocation in 112 lattices (courtesy of M. J. 

Marcinkowski et a1, 20 and Acta Metallurgica). 

Some tensile stress-strain curves for furnace-cooled ~-brasses 

deformed at 273°K at a strain rate 10-3• Average grain size in 

each case is 0.1 mm. 

A stress-strain curve for furnace-cooled Cu-22% Zn alloy deformed 

at 273°K, showing discontinuous yielding. 

The variation of the yield stress with % Zn for furnace-cooled 

alilioys at various temperatures. 

Fig. 10 A summary of the variation of cry, y, and dislocation configuration 

with % Zn for alloys deformed at 273°K. 
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Fig. 11 The variation of the dislocation density, flow-stress at 10% 

strain, cell size, and interslip-plane spacings with% Zn for 

fUrnace-cooled alloys deformed at 273°K. 

Fig. 12 The changes in dislocation substructure with % Zn for fUrnace

cooled alloys after 10% strain at 273°K, showing decrease in cell 

diameters with increasing zinc: (a) 4% Zn (b) 8% Zn (c) 16% Zn 

(d) the change to slip bands after 24% Zn. Notice the tendency 

for cell walls to lie along slip traces. (e) Pile-ups of dislo

cation pairs and possible cross slip at A in Cu-33.5%:r:zn. All 

micrographs in [101] orientation, X 20,000. 

Table. Caption 

Table I. Calculated r and r 1 spacings for fUrnace-cooled alloys assuming 

long-range order with T == 60°C, compared to observed spacings 
.. c 

of dislocation pairs• 
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(a) 

(b) 

ZN-3549 

Fig. 4 



-24- · UCRL-10488 

ZN-3548 

Fig. 5 
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Cu- Zn alloys tensile deformed at 273° K 

Strain rate= 10- 3 

MU.28359 

Fig. 7 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, 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. 






