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>~ This report outlines an investigation into the effects of hardening
during low temperature amnealing on the stress corrosion susceptibility
of brass cartridge cases. The low temperature anneasiing cccurs in the
lower walls during the mouth annealing proeess in the productioa of
7.62 mm cartridge cases.

' In this work cartridge cases werxe taken from the production line

prior to the mouth anneal an¢ then annesled in an oii bath at 200%C or
250%C for a vange of times. These cases were then oxposed tc¢ an ammonia
environment for 4 h. The tests showed that there waas no evidence of
enhanced stress corrosion susceptidilicy at higher wall hardness result-
ing from the artificiel lov temperature awnealing, The degrees of
cracking in the lower walls of the cartridge cases were found to decrease
with inzreasing times of annealing with no evidence of cracking for tiwmes
in excess of 6 h at 250°C. However, the trends in the results for the
cuges annealed at 200PC were less obvious. Reasons for this are put
forward.

The hardening in the cortridge cases on low temperature annealing is
explained in terms of modarn theorias of recovery in cold worked brasses.
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cracking in the lower walls of the cartridge cases were found to decrease
with increasing times of annealing with no evidence of cracking for times
in excess of 6 h at 250°C. However, the trends in the results for the

cases annealed at 200°C were less obvious. Reasons for this are put
forward.

The hardening in the cartridge cases on low temperature annealing is
explained in terms of modern theories of recovery in cold worked brasses.
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THE LOW TEMPERATURE ANNEALING OF 7.62 mm BRASS CARTRIDGE CASES:
STRESS CORROSION SUSCEPTIBILITY

1. INTRODUCTION

It has been reported [1] that in the manufacture of the 7.62 mm
cartridge case the process of mouth annealing produces an increase in the
hardness of the lower wall near the base region. A drawing of the 7.62 mm
cartridge case is shown in Figure 1., The lower wall receives only a low
temperature anneal which results from a tnermal gradient from the mouth of
the case to the base that is established during the mouth annealing heat
treatment. During this production process a temperature range of 550°C at
the mouth to 200°C at the base is expected.

The question was raised as to vhether this increase in hardness (if
real) was accompanied by an increaged susceptibility to stress corrogion
beyond the sensitivity of the mercurous nitrate test [2). For example,
bragses containing much lower residual stresses than those necessary to
produce cracking in a mercurous nitrate solution may fail im an ammoniscal
atwosphere [3]).

This report describes work carried out to investigate the havdeniung
phenotienon in cold-worked cartridge brass on low temperature annealing, and
- to assess any consequent changes in susceptibility to stress corrosion
cracking in 7.62 ms cartridge cases.

2. EXPERIMENTAL

The hardening phenomenon was examined in both cactridge cases and cold
rolled stiip. Tests for stress corrosion gusceptibility of the cartridge
cases were carried out using an amronia environmment which other workers have
shown to be more sensitive than the wercurous nitrate test [3]. The severity
of cracking would be expected to be related to the hardness and/or the level
of residual stress in the lower walls of the cartridpe caseg. In order to
produce a range of hardness states in the walls of the cartridge cases
artificial lov temperature aunnealing heat treatments were usged.




2.1 Details of Test Specimens

(1) strips reduced 86, 60 and 50 per cent in thickness by cold
rolling, i.e. 86, 60 and 50% CR.

(11) cartridge cases which had been taken from the production line
immediately prior to the mouth anneal. These cases are
referred to as the cold worked (CW) cases throughout this
report.

(111) cartridge cases which had been mouth annealed.

The composition specification of the material [4], is given in

Table 1.
TABLE 1
COMPOSITION OF BRASS FOR 7.62 mm CARTRIDGE CASES#*
wt %)
Other
Cu Mo Fe Bi Ni Su As Sb Al Elements | Zn
(each)

Max {72.0 J0.02]0.05)0.004 0.1 ({0.03 |0.01 }]0.005]0.004] 0.005 Tem.
Min { 69.0

® Taken from Ref. &

2.2 Heat fTreatments

The heat treatmonts used in the experimental work are summarised in
Table 1I. , . _




TABLE 1II

HEAT TREATMENT OF TEST SPECIMENS

Designation
Material used in the Heat Treatment Comments
text
cold rolled CRA low temp. anneals to gilve a range of
strips at 200°C and 250°C | hardness states
(86, 60 and for a range of
50% CR) times
cold worked CcwW " " to give a range of
cartridge and CWA (after hardness states in
cases annealing at the walls of the
200°C and 250°C) cases
mouth MA no heat treatment; | for control
annealed as received from experiments
cartridge ' the production
cuses 1line

The low temperature annealing heat treatwents weve carried cut at
200°C and 250°C. The procedure was based on the earlier experiments
reported by Mackintosh [5], Appendix I, which showed greatest hardening at
250°¢C,

The vold rolled strips and the cold vorked cartridge cases were
sonesied by complete ismarsion in an oil bath controlled to & 1°C with heat
ti eatment times varying from 5 min to 18 h at each heat treatuent tempera-
ture. Following the lov temperature anneals, the hardness of each test
picce wvas measured using a Frank hardness testing wachine with a 2.5 kg load.
Hardness measurements vere taken at pointa 5 ma from the mouth (wouth
region) and 3 v from the base (lower wall region). The results were then
plotted as aging cutrves, , ,

2.3 &tress Corrosion Tests on Cartridge Cases

(i) Nercurcus Nitrate fast

Three cold worked cases (CW) and three mouth annealed cages (NMA) were
subjected to the mercurcus nitrate test set ocut in Australian Aray

Specification 293 (2]. These tests vere used as a standard and the sensi-
tivity of the amsonia envirooment test vas compared againz{ this standard.




(ii) Ammonia Environment Test

An ammonia environment test was based on the experimental procedure
reported by Jamieson and Rosenthal [6]. The experimental system used in
the present work consisted of a large glass desiccator vented to the
atmosphere through a capillary tube; in the lower reservoir of the
desiccator was placed 1.2 L of ammonia solution (S.G. 0.941). The low
temperature annealed cases (CWA), the cold worked cases (CW), and the mouth
annealed cases (MA) were placed on a porcelain plate above this ammonia
solution. The system was kept at about 20°C. After the cases had been
exposed to the ammonia environment for a period of 4 h, they were removed,
pickled in a 40% HNO3 solution for 15 s, washed in alcohol and then the
severity of cracking assessed.

2.4 Metallographic Examination

Cartridge cases which had been exposed in the ammonia environment
were exanrined metallographically to assess the extent of cracking through
the walls. Sections were also taken through rolled sheets and other low
temperature annealed cases to observe any microstructural changes arising
from the heat treatment of the cold worked material.

3. RESULTS
3.1 Hardness Changes on Annealing

The hardness data are plotted as aging curves in Figures 2(a,b) and
3¢a,b). The hardness increase on low temperature annealing is quite small,
but readily measurable and reproducible.

The results in Figure 2(a,b) were obtained from cold rolled strip
(CRA). These data are not truly representative of the hardpess increases in
cartridge cases arising from the mouth annealing process becausc the ¥ cold
work in the lower walls of a cartridge case is lower than that in the rolled
strips used in this work. Thus the hardness increases cbserved in Figure
2(a.b) possibly represent the extreme condition of hardening on 109 tempeta-
ture annealing.

The results for the low temperature annealing of the cold uorked
cartridge cages (CWA) are plotted in Figure 3(a,b) together with the average
lower wall hardness attained as 4 result of the mouth annealing process.
This avetage hardness level $s located at the 2 min mark for convenience.

In fact, the case s in the induction furnace for mouth annealing for only
about 15 s, but the point on the figure arbitrarily allows for the.aloucr
cooling of the thick-walled base region.

3.2 Stress Corrosion Tests on Cartridge Casos
{i) NKercurcus Nitrate Test

The testing of stress corrosion susceptibility of the mouth aunealed
cartridge cases (MA) and the cold worked cartridge cages (CW) using the

- mercurous nitrate test wag inconclusive, as expected from the report of




earlier work [1]. None of the three mouth annealed cases exhibited cracking
and only one of the three cold worked cases showed a crack in the lower wall
region., This result was inconclusive because no clear distinction between
the mouth annealed and cold worked cases and their respective sensitivities
to st. “~s corrosion cracking could be made.

(ii) Ammonia Environment Test

The testing of stress corrosion susceptibility usiog the ammonia
environment showed that both the cold worked (CW) and mouth amnealed (MA)
cartridge cases crack in the lower wall regions, although cold worked cases
generally showed more severe cracking Figure 4(a,b).

Those cold worked cases which were also given low temperature anneals
at 250°C (CWA) showed decreasing severity of cracking (see next paragraph)
with increasing time at the annealing temperature. The cold worked cartridge
cases which had been heat treated for 6 h and 18 k at 250°C exhibited no
cracking.

The trends in the results from those cold worked cases which were given
low temperature anneals at 200°C (CWA) were less obvious. Cracking was
observed in the lower walls of the cases, with little discernible further
decrease in its severity after the initial decrease following the 10 min low
temperature anneal. The cold worked case annealed {or 13 h seemed to have
cracking which was more gevere than those cases given shorter low temperature
anneals, and this cracking was non-uniforwly distributed around the lower
wall. The result for this case was considered to be anomalous.

The severity of cracking was a qualitative assessient and relied on
observations using a binocular microscope. Fer example Figure 4(c) shows the
severity of cracking for a range of low temperaturxe annealing times at 250°C.
This {llustrates, however, that it wvas possible to rank decreasing severity
of cracking, and that this generally corresponded to increasing aunealing
times.

The stress corrosion cracks caused by the amsonis enviromwment were
generally completely through the walls of the cartridge cases and Figure 5
illustrates that they ware largely intergranulay and often branched, Sowe
general surface attack by the acwmenia environment was alse observed.

3.3 Nicrostructural Changes on Annealing

The microstructural changes on annealing at lov tesperatures proved
difficult to study by optical microscopy. However, partial recrystalligs-
tion cccurred near the mouths of the cold vorked cases (see Figure 6) and
with the 862 c¢old rolled strip, oun snnealing at 250°C for times in excess of .
"6 h, (specimens CWA and GRA).

No recrystallisation was observed in the lower ualls of the south
annealed cases and those cold worked cases subjected to low texperature -
anneals. ‘

Ko evidence of recrystallisation vas observed in the wmouth regions of
those cold worked cavtridge cases annealed at 200°C for tizes up to 18 h.
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4. DISCUSSION

4.1 Hardness Changes on Annealing

The hardness increase in cold rolled brass on low temperature anneal-
ing is widely reported [1,7,8], but the effect has not been satisfactorily
explained. Harrington and Jester [8] suggested that the effect may be the
result of the precipitation of B within a due to the high residual stresses.
Reviewers of their work [9] considered this to be unlikely. The work of
Clarebrough et al. [10,11] and of Sato [12] investigated the release of
stored energy from deformed Cu/Zn alloys. This work has been reviewed by
Bever et al. [13]. Clarebrough et al. [10] reported a slight increase in
hardness in 69 Cu/31 Zn alloy deformed at room temperature and aniso-
thermally annealed. A hardening peak was observed at approximately 220°C.
The release of stored energy from deformed brass appeared as three distinct
stages; the hardening occurring during the second stage. The peak in rate
of energy release and increase in hardness during this stage was considered
to be a result of the return of short range order destroyed during cold work.
Clarebrough et al. [11] congidered that these changes in properties during
anncaling were complex and tha! some dislocation rearrangement must also
take place. Recent work reported by Huber and Hatherly [l4) suggested, how-
ever, the growth of 'recovery twins" could account for the release of
stored emnergy from 200-250°C reported earlier [10]. Their work on 90% cold
rolled 70 Cu/30 2n alloy showed that “recovery twins" formed a: tcoperatures
as low as 200°C and hence could largely contribute to the peak in stored
energy rclease observed by Clarebrough et al. Hardening assnciated with such
vecovery mechanisms may be due to the large nusmber of fine twin boundaries
in the recovering microstructure (15]).

The harduness increases ohserved in the present work were small for all
cold wvorked cartridge cases subjected to short low temperature swoealiong -
heat traatecats (CWA). The havdoning in the lover walls of the cartridge
cases vas particularly small, as illustrated iun Figure 3(a,b). This was the
result of the relatively low levels of cold work in these regions of the
cartvidge cases as against the wouth reglons where the harduness increases on
low temperature annealing were wore pronounced.

The £4nal, significant decrease in hardncss aftor 250°C low tesporature
anncaling of heavily cold rolled brass (CRA) may largely be ateributed to
recrystallisation Figure 2(b). On the other lund, the hardness changes
obhgerved in those cold rolled spocimons annealed at 200°C (CRA) suggest that
no vecrystallisation, detectable by . tical microscopy, has oceurved over the
times used fn these experimonts, Figure 2(a). This heat treatament way be on
the lover limit of that for the recovery process to beconw operative aud
hence nay largely account for the inconclusive rosulte obtained ia the stresa
corrosion tests of cavtvidge casos which vere anuealed at 200°C.

The observations of the hardness changes on low tesmperature annvaling
in the present vork and that reported by Hackintosh (5) were consisteat
with those reviewad by Bever ot al. (13).




4.2 Stress Corrosion Tests on Cartridge Cases

The present work has shown that there does not appear to be an increased
sugceptibility to stress corrosion cracking through the peak in hardness as
a result of the low temperature annealing of cold worked cartridge cases
(CHA). Indeed, despite measurable increases in hardness in the lower walls
of both the mouth annealed cases (MA) and the low temperature annealed cold
worked cases (CWA), cracking was less severe than that of cases in the cold
worked (CW) condition. Such observations are made on test pieces which have
been subjected to the most sensitive test presently available and those
regions where cracking normally occurs have only very small changes in hard-
ness as a result of low temperature annealing heat treatments.

The experimental evidence suggests that the decrease in suscoptibility
to stress corrosion cracking in the 7.62 mm cartridge cases with increase in
time of low temperature annealing is associated with a decrease in residual
stress levels, possibly as a result of the rearrangement and loss of dis-
locations during the recovery process. This is particularly significant for
brass containiug a high level of cold work where recrystallisation takes
place on extended times of low temperature annealing, see 4.3.

Attempts to measure residual stresses in the cartridge cases by X-ray
techniques during this work were unsuccessful. There way be a number of
reasons for this. For example, Witt et al. [16] suggest that residunal
stregses across individual grains are not uniformly distributed. However,
it is more likely that the texture develeped during the cold drawing pro-
cesses tends to modulate the X-ray data.

4.3 Nicrostructural Changes on Annealing

The optical microscopy of the mouth regions of the cold worked cart-
ridge cases and sheet epecimens annealed at 250°C for long timvs showed
evidence of partial recrystallisarion, and this is believed to account for
the rapid deevease in hardness after 3 h, (Figure 3(b)). This result is
consistent with ehe work of Clarcbrough et al. (10]. : '

¥.4 A Comment on the Amwonis Envircrment Stross Corrosion fest

It has beer shown that, teo obtain reproducibility with the apmouis
euviroiment stress corrosion test, it ia necessary to control the initial
concantrat on of the amsenia sclution, the voluse of the soclution relative
to the container, and the tesperature of the system [6). Thus, for constant
exposure times, it would bo expected that the vented chamber test used in
this work would give reproducible results despite the fact that the eystem
does not control the partial pressure of each gas independently.

It has been reported that a minisum threshold stress {s necessary to
induce cracking in a wercurcus nitrate solution [17,18); however, it ie
known that the dmmonia environsment test is wore sensitive (3). BDespite this
obviocus advantage no asmonia environsent test is accepted as a standard test
for stress corrosion susceptibility of brass. This may be due to the fgct
that extensive world-wide experience has shown that if su eracking occure in
the mercurous nitrate solution then ne crucking occurs in service. Further-
wore, the mercurcus nitrate test is simple to use and hence gccepted as a

: factory test.

«3




5. CONCLUSIONS

The ammonia enviromment test is a very sensitive test for determining
the susceptibility of brass to stress corrosion cracking, yet it did not
appear to indicate an increase in severity of cracking through the hardening
peak in cold worked cartridge cases which had been annealed at low tempera-
tures. Thus it appears that, within the limitations of the evaluation
techniques used in this work, there was no measurable increase in sensitivity
to stress corrosion cracking as a result of the mouth annealing heat treat-
ment used in the production of 7.62 mm cartridge cases.

6. ACKNOWLEDGEMENTS

The author wishes to acknowledge the valuable discussions with
Mr. G. Mackintosh of Ammmnition Factory, Footscray, and Mr. R. Coyle of
Materials Division, Aeronautical Research Laboratories.

e et et e e = o
" - e psace

e e g

i el L




T

&

o
&
£

Wt
By
&
e
5

10.
11.
12.
13.
14,
15.
16.

17.
18.

7. _REFERENCLS

Mackintosh, G. (Sept. 1978). Private comnuanication.
Specification, Army (Aust) 293, March 1977.

Logan, H.L. (1966). In "The stress corrosion of metals", p.165.
Publishers: John Wil¢y & Sons, Inc., N.Y.

Specification, Army (Aust) 218, April 1971.
Mackintosh, G. A.F.F. Labh. Report L77-363.

Jamieson, A.L. and Rosenthal, H. (1944). In "Symposium on stress
corrosion cracking of metals", pp.36-46. Publishers: ASM-AIME.

Gibbs, L.E. (1946). "Cold working of brass", p.28. Publishers: ASM.
Harrington, R.H. and Juster, T.C. (1942). Trans. ASM, 30, 124.

Read, T.A. et al. (1944). 1In "Sycposium on stress corresion cracking
of metals", pp.90-110. Publishers: ASM-AIME.

Clarebrough, L.M. et al. (1960). Proc. Roy. Soc., A257, 363,
Clarebrou: ", ..M. et al. (1961)}. Proc. Roy. Soc., A261, 500.
Sato, S. (1931). Rep. Tohoku Univ., 20, 140.

Bever, M.B. et al. (1973). Prog. Mater. Sci., 17, 106, 156-157.
Huber, J. and Hotherly, M. (1979). Metal Sci., 13, 665.
Hatherly, M. (Nov. 1979). Private communication.

Witt, F. et al. (1976). Sicmens Review, Eighth Special lssue,
pp.20-23.

Moore, H. et al. (1921). J.1.M., 25, 35-152.

Croft, H.P. (1941). Proc. ASIM, 41, 905-930.




APPENDIX I

E¥FECT OF LOW TEMPERATURE ANNEALING ON THE MECHANICAL

PROPERTIES OF COLD WORKED 70/30 BRASS, REF. [5]

Per cent Reduction by Rolling
Property Condition 25 60 80
‘Z Change X Change Z Change
as received 142 186 204
Hardness | 250°C for 1 h 145 + 2 196 +5 219 +7
HV 1V 255°¢ " " 146 + 3 193 + 4 QI; + 6
260°¢c " " 145 + 2 194 + 4 215 +5
as received 391.6 560.8 626.9
0.22 250°C for 1 h | 386.5 -1 578.0 +3 667.0 + 6
Prooi
Stress 255°¢ " " 381.9 -2 571.8 +2 623.5 -1
MPa 260°c " ¢ gy.1 -1 572.6 + 2 628.4 0
as received 431.0 603.9 698.4
uTs 250°C for 1 h | 441.9 +3 631.7 + 4 725.6 + 4
MPa 25%%¢c " " 438.8 + 2 625.4 +3 698.9 0
260°¢c " 438.9 + 2 614.9 + 1 692.6 -1
as received 20 ‘ 4.2 3.5
% El, on| 250°C for 1 h 22.5 | +12.5 2.2 ~ 48 2.5 - 22
50 om
255°¢ " " 26.5] + 2.5 3.7 - 12 3 - 1
260°¢ " " | 23.0] +15 4 -5 32| -9

10
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Flt. 1 - The 7.62 mm Cartridge Cese, as finished.
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FIG. 2 - Graph of haxdness (HV2.5) plotted against time of low
temperature annealing for cold rolled atrips,

(a) 200°C amneal; (b) 250°C anneal.
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annealing for cartridge cases initially in the cold worked coudition.
(a) 200°C annealj; (b) 250° anneal.
Hardness measurements taken at points 5 mm from the mouth (mouth
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represents the average hardness of the lower wall region after
wouth annealing, arbitrarily placed on the figure at 2 min.




(a) cold worked (CW) (b) mouth annealed (MA)

5 uin Ik 6 4

(c) low temperature annealed at 250°C (CWA)

. FIG. 4 - Stress corrosion cracking in the lower walls of the
cartridge cases induced by exposureR to uan ammonia
environment for 4 h. :




Outer wall of the
cartridge case

{b) wmouth anncaled (MA) 100X

FIG. 5 « Stress corrosion cracks in the lower walls of 7.62 am
cartridge cases induced by exposure to an ammonia
environment for 4 h. Cracking in both cases is largely
intergranular.




(a) cold worked (CW) (b) cold worked and low
temperature annealed

for 18 h at 200°C (CwA)

(c) cold worked and low (d) mouth annealed (MA)
temperature anncaled o
for 18 h at 250°C (CWA)

FIC. 6 - Microstructures of the mouth regions of 7.62 mm cartridge
cases. x 250
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