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EVIDENCE FOR STACKING FALLTS IN MULTIAXIAI STRAINED ALPHA-BRASS*

R. B. Roof
Los Alamos National Laboratory

Los Alamos, New Mexico 87545

INTRODUCTION

As part of a program studying the effects of large strain deformations
resulting from multiaxial loading to a variety of materials, a thin-walled tube
(0.46" 0.D. x 0.02" wall thickness) of 7C-30 Bruss was subjected to strain
deformation in the following directions 1) along the tube axis, ¢ = 0.3393;
2) circumferential around the tube ‘surface, ¢e,= -0.0121; 3) perpendicular to
the wall thicknass, ¢, = 0.3514, This repogt describes the results of an
x-ray examination of the external surface of the tube by the line-broadening
technique.

EXPERIMENTAL TECHNIQUES

Examination of the shape of an x-ruy diffraction line profile is a tech-
nique whereby information can be obtained concerning the condition of the
materisl on an atomic scale. Crystullite size, lattice strain, and lattice
stacking faults are items that can be obtained. Since descriptions of the
genera}_erocedures usually employe? are available In standard literature refe-
rences the detailed procedures wili not be described further in this
report. A Fourler cocfficient computer program was employed to aid in the
analysis of the peak Bhap§¢6 A unique feature of the prcgram is the inclusion cf
equations due to Wilson to calculate rtandard deviations of the Fourier
coefficients directly in terms of the experimental intensity expresscd as counts
per second. The standard deviations were further propagated (with covariance
included) through the complex division necessar; to arrive at Fourier coeffi-
cients free from instrumental abberations.

The experimental sample used in the x-ray diffraction cxamination was
formed ae rfollows. Three pieces were cut from the strained tune approximately
0.50" long in the axial dircction and 0.125" wide in the peripheral direction,
mounted in plastic, and metallographically polished to provide a flat surface of
0.5" x 0.5" of the external face of the tube. Similar sections obtained from an
unstrained tube were uscd nas reference materinl,
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a -brass is a face-centered-cubic material a the lattice constant,
obtained from leasf-squares extrapolation techniques,” for the strained sample
ﬁs a, - 3.6851t3 X, For the reference material the value ig a,6 = 3.6840¢1

For the materisl under exanmi:'ation the reflections 111 and 220 are
relatively gharp while 200 and 311 display broadening. The reflections 222 and
400 lLave extremely weak intensities, barely above background, and reliable
measurements on these reflections cannot be obtained. The reflections 331 and
420 are available but with weak intensities and they are not included in the
present analysis.

A full Jdetailed analysis of  all the diffraction data was made utilizing
the general procedures presented previously. From this analysis it was
determined that the following approximations are valid for the present
investigation: the double stacking fault probability, a", is essentially zero;
the residual stress, 0, is virtually nil; and the crystallite size is in excess
of approximately 2000 XK, the practical upper limit for determination by x-ray
diffraction techniques. These assumptions/approximations allow considerabla
simplifications of the equations for dztermining the scparation of the compound
stacking fault parameters from one ancther.

DATA ANALYS1S

The normalized unfolded Fourier ccefficients (C =~ (A2+Bz)k) for the
four reflections cxamined are plocted in Figure 1. Two general sets are
obgerved; those coefficients belong to the relatively sharp lines 111 and 220
and those in the second oect belonging to broadened lines 200 and 311.

2 Iy Figure 2 the Fourler coefficicnts are plotted as a function of
h"+k"+1” for constant L, with L = 100 as a typical cxample. It 18 to be
noted that in Figure 2 the Fourier coefficients do not fall on a single curve.
The departure from a common curve 18 indicative of astacking faults in the
material. Tt is desired to fit the typical data of Figure 2 to the general
exponential equation y = a.,exp(bx). This is usuaily cone for the different
orders of rcflectlions from the same sct of parallel lattice planes. Since no
recond or higher orders are available the fitting 1is done with the sclected
pairs (111,22C) and (200,311). Table 1 listas the irtercepts and slopes obtained
from the selected pairs. Alro listed is the average slcpe.

The root mean uquared strain, F 2. can be calculated from the ,voingi
slope of the Fourler coefficient curve plotted as a function of h +k +l
utilizing the following cquation

L) .
N L I - (-' llll)l)e) (l)

where no - 1,685 R for a--braue,
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Figure 1. Normalized u:nfolded Fourier coeffi-
cients for four reflectiona for plane
strained alpha-brass.
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Figure 2. Logarithmic plot of normalixed
unfolded Fourier coeff'cients
from plane utrafned glpha-brass.
Results for L = 100 X as a typical
example,



Table 1. 1Intercepts and s pes as a function of L for plane stained
alpha-brass. Obtaine by fitting data of Figure 1l to the general
rquation y = a.exp(bx).

(111,220) (200, 311) Average

L.(R) Intercept Slope Intercept Slope Slope

25 0.992 -0.00412 0.962 ~0.00304 -0.00358
50 0.968 -0.01334 0.840 -0.00910 ~-0.01122

75 0.921 -0.02488 0.702 -0,01737 -0.02113
100 0.852 -0.03388 0.559 -0.02272 -0.02830
125 0.800 -0.04680 0.443 -0.02533 -0.03607
150 0.742 -0.05700 0.343 -0,02841 -0.04271
175 0.671  -0.06621 0.265  -0.03037 -0.04829
200 0.621 -0.07906 0.190 -0.02773 -0.05340
225 0.571 -0.08680 0.133 -0.02604 -0.05645
250 0.533 ~-0.09965 0.076 -0.02202 -0.06084
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The strains determined in this manner are plotted in Figure 3 as a
function of L. From the variation in Figure 3 it is estimated that the local
strain 1s equal to 0.00225 at L = O,

The Fouricr crystallite size coetficients, the intercepts of Table 1, are
plotted as a function of L in Figure 4. The Intersection on the L. axis uf a
line drawn through the 1linear portion of the curve yileldg an effective
crystall{te size, D, For the pairs 1in Figure 4, D = 450 for (111,220)
and 200 K for (200,3%1). ¢

The separatifon of compound stacking faults and true crystallite size from
the effectlive crystrllite size 18 accomplislied by plotting 1/De as a function
of V(hkl). V(hkl) 18 a constant for a given value of hkl and reflects the
contribution to the totel observed 1ine profile of the varifous signed
pcrmutn:logg3of hkl tnat are affected by stacking faults. Tables of V(hkl) are
available,

In Figure 5 1/D {s plotted versus V(hkl) for 111 and 200, the first
hkl's of the wselected %ulrn of reflections, The Intercept in Figure 5 18 the
reciprocal of the true crystallite uize, D; by fixing it at zero we satiafy the
aanumption that the crystallite size exceeds 2000 A, The wslope of Figure 5 1s
oqual to (1.5 a' + 1.5a" +8)/a_ where q' = the probability of finding a
single ntacking fault between m'lgh?mrlng 111 planen; g" = the double stacking



fault probability; an” B= the twin fault probability. With a" assumed to be
negligible the slope reduces to (1.5 a' +8)/a . From Figure 5 the value of
(1.5 a' +B) = 0,0185012, °

A value for a stacking fault combination has been obtained and n second
value from a different equation is needed to separate the stacking fault:.. The
lattice parameter, a1’ calculated from a pzak position of the individual hkl
reflections of fecc magérials depends on the true lattice parameter, a_, the dif-~
ference (a' -a"), the residual stress, d,, and the geometrical abberations of
the diffractometer. It has been shown™ that these quantities are related
according to

a8+ (Sl)hklA.ao.o + G e —a") +mf@) (2

where (Sl)h A and thl are 3g%nstants which
depand on the planes hkl. Tables of G are available. Withg and "
assumed to be negligible equation (2) reduces to

&l "8 *t .8 .G, tm.£(0) (3)
or
y= Plxl + szz + P3x3
where x,. = 1.0, x, = th., and X, = cosOcotd

for diffractometer focusing geometry. Values fur *1 (i.e.,” y) were cal-

culated frow 20 values representing the centroids of @ observed experimental
intensity dnta. Values for the remaini@&aterma (L.e., x,, § = 1,3) wvere cal-
culated or taken from publisihed tables, The x,y values are elements of a
natrix and these are arranged in an array in Table 2.

-— - -~ - —— —— b ————g—

Table 2, Matrix elements for the sclution of cquation(3) for experimental
values obtailned from plane strained alpha-brass.

hkl y (R) X X, X,

111 3.68635 1.0 -0.035 2,498
200 3.68850 1.0 0.069 1.974
220 3.68594 1.0 -0.035 1.099

21 3.68578 1.0 0.013 0.748
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Figure 3, Variation of strain, €., as a function
of L for plane strained alpha-brass,
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Fig. 5. Separation of true crystailite size and com-
pound stacking fault paraneter from effec-
tive crystallite size. See text.
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Figure 6. Calculated latice constant, a 1 versus
cosficot@for plane strained nlpkn—brnsJ.l =
experimental; @ = effect of a' = 0.005.



The data presented in Table 2 is usually plotted as y versus x, with de-
viations from a straight line representing the contributions of stacking faults
of the lattice parameter (see Figure 6). Using the data of Table 2 and solving
equation (3) by least-squares techniques results in P1 = 3.6853+8, Pz -
0.020+8, and P3 = (0,00083150. :

The stackiﬁﬁ fault parameter of interest, a', is obtained from the ratio,
P2/P1, and equals 0.0054:22. From (l.5a' + B) = 0.0185:]1, B is calculated
to be 0.0104+22, - '

CONCLUSIONS

Twe different techniques of X-ray diffraction have been applied to the
examination of multiaxial strained alpha-brasa. From an examination of the un-
folded Fourier coefficients describing the shape of the diffraction profile it
has been determined tunat the true crystallite size probably exceeds 2000 A, a
practical upper limit for determining crystallite size by x-ray methoda. The
localized strain is approximately 0.2252 and a combined stacking fault pro-
bability (1.5 a' + B) = 0.0185¢l.

From lattice constant variations the single stacking fault pro-
bability, o', has been determined to be 0.0054222, The twinning stacking
fault, B, is thus 0.0104:22, The reciprocal of the probability is the number of
planes of atoms between the 1indicated stacking fault. The magnitude of the
numbers indicates that twinning is twice as common as single stacking faults,
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