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ARMAMENT RESEARCH AND DIVELOPMENT ESTABLISHMENT

AJR.D.E. MEMOR:NDUM (MX) 68/60

The shatter of high strength aluminium alloys
Eleventh Progress Report
The effects of interrupted quenching on five

alloys made to specification DTD 687A

Te Williams (M1)

Summary

The relationship between the temperatures at which the solution treatment
quench was interrupted for short periods and the respective hardness values
obtained at definite intervals after the final cold water quench, was found
to be a curve consisting of a series of promontories and bayse. An alloy
containing 5.4,% Zn, 2.5% Mg and 0.5% Cu showed three promontories whereas four
other alloys, containing about the same amount of zinc, 1.25% Cu, between
2.1 and 2.6% Mg and with two of the e2lloys containing 0.17% Cr and 0.05). Cd
respectively, showed four such promontories, which, it was considered, indicated
a four-stage ageing sequence. This was believed to be:=-

GP1 zones >GP2 zones —3 Intermediate precipitate —s Final precipitate

It is known that an alloy of this type containing 0.5% Cu ages in a three=
stage sequence, there being only one GP zone phasee.

As a heat treatment for producing shatter-free alloys, there was no
advant%ge in the use of low interrupted-quench temperatures followed by acgeing
at 110 C for 48 hours, but interrupting the quench at 380°C and over, and ogeing
similarly, resulted in improved -196 C Charpy impact values for the scme hard-
nesses obtained by the normal treatment of DOP and FSP alloys, containing 5.5%
Zn, 1425% Cu and 2.1 and 2.5% Mg respectively. The other materials showed no
improvement in properties when interrupted quenching was used, indeed it was
not found possible by any form of trectment to produce freedom from shatter in
the alloy containing 0.5% Cu.

Tests confirmed that small amounts of chromium had a defigite weakening
effect on tensile properties when interrupted quenching at 190 C, followed by

ageing at 110°C for 48 hours was used, and they also showed that the presence
of small amounts of cadmium caused similar behaviours
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1.  INTRODUCTION

A heat treatment technique has been developed by High Duty Alloys Ltd.
with the primary object of improving stress corrosion resistance and minimising
internal stresses in forged components of Hiduminium RR77, which is equivalent
to chromium-free DID 68é material, This heat treatment involves quenching
into molten salt at 180 °C from the solution treatment temperature, holding for
four minutes, followed by the normal water quench and artificial ageing treat-
ment, It was stated that an interrupted quench into molten salt reduced the
tensile properties of Cr-bearing alloys to & considerable extent even when the
chromium content was as low as 0.0%%.

It was not known whether this treatment would produce shatter-free
alloys or would have any effect on the ageing treatment recommended for the
freedom from shatter of moderately alloyed material of this type i.e. 48 hours
at 110 C (1)s Shatter may be defined as "The catastrophic cracking of target
sheets, held in tension by a stress of 30% of the tensile strength, when
subjected to the blast of a 20mm H.E. cannon shell exploded on contact with a
thin plate 13 inches in front of the sheet". It has been shown that for
shatter-free alloys the average value of 2 longitudinal and 2 transverse Charpy
impact tests of 10 se.weg. thick material at -196°C must not be less than
0.6 £t 1b (2).

Two smell sheets of clad RR77 material which had received the
interrupted quench treatment were supplied by High Duty Alloys Ltd. for low
temperature impact testing. The results, given in Appendix I show that the
alloys were shatter-prone, and but little improvement took place on re-solution
treatment at 465 C and ageing at 110 C for 48 hours. Accordingly the recommended
interrupted-quench treatment was applied to the alloys DOP and FSP, containing
5.6% Zn, 2.1% Vg, 1+ % Cu and 5.4% Zn, 2.5 Mg, 1.3 Cu respectively, and
although the normally shatter-free DOP material had a =196 C Charpy impact value
greater than 0.6 ft 1lb., the FSP alloy had very poor impact properties. Other
tests were carried out at various intermediate quenching temperatures without |
success, and it became obvious that systematic and fundamental work on the effect
of this treatment would be necessary before further attempts were made to obtain
shatter-free alloys by means of this type of heat treatment.

2. MATERTALS

Initially it had been decided to use the alloys DOP and ISP for this
investigation, but as sheet materials containing 0.17% chromium and 0.55%
copper became available it appeared desirable to use these also, and to include
an alloy containing 0.05% cadmium. The chemical campositions of these five
materials are given in Table I.

3 INTERRUETED QUENCHING EXFERIMENTS

In view of the lack of knowledge concerning the behaviour of this type
of material when the solution treatment quench was int :r'Jc'up‘l:ed.(5 a series of tests
was planned to apply this treatment over the range 465 C to 20 C, and to allow
periods of 2, 4 and 8 minutes at the intermediate temperatures.

e The alloys were solution treated at 46500 for one hour, quenched into
molten salt or oil at the required temperature, held for the desired period and
then cold water quencheds One face of each test piece was prepared for hard-
ness testing before heat treatment, so that only a light polish on fine emery
paper moistened with paraffin was necessary, after the treatment, to enable
hardness tests to be carried out. Hardness (H.V.5) determinations were made
15 minutes after the final water quench, and at intervals for a period of one
week., The test pieces used were pieces of 10 sew.g. sheet 1% inches long and

1‘;
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2 inch wide with a small hole drilled at one end for suspension, by thin wire,
into the bath at the intermediate temperature. All tests were carried out in
duplicate, and on separate occasions. '

3.2 On plotting the interrupted quench temperature against the hardness,
the resulting curve consisted of a series of promontories and bays. Figures

1 and 2 show the curves of DOP and FSP alloys obtained after 2, 4 and 8

minutes at the intermediate temperatures, the hardness values being measured

15 minutes after the water quenching operation, while figures 3 and 4 show the
curves for the same materials after 41 and 2 days natural ageing, It ig evident
that natural ageing for 2 days obscured the changes occurring below 200 C.

The curves for the chromium, low copper and cadmium bearing alloys after L4
minutes at the temperature of the interrupted quench, hardness tested 15 minutes
after water quenching, are shown in Figure 5. They closely resemble those of
the DOP and FSP materials similarly treated, except for the alloy containing

0« %% copper which did not show the promontory and corresponding bay occurring
in the other materials getween about 120 and 17000. This alloy also showed an
upper promontory at 320 C, which was rather higher than that at which the
equivalent promontories of the other four materials occurred.

L+ INCUBATION VALUE DETERMINATIONS

The graphs representing the relationship between the temperature at
which the quench was interrupted and the hardness value associated with it,
appeared to have the form of a series of intersecting curves., Similar inter-
secting curves have been obtained by Polmear (3) by plotting incubation values
against the reciprocal of the absolute temperature. The terminology introduced
by Hardy (L) has become conventional for describing ageing curves. When the
onset of age-hardening is delayed, the time interval involved is known as the
"incubation" period. The "incubation" value is the time interval obtained by
extrapolating back the rising age-hardening curve to the hardness value
obtaining during the "incubation" period. Hardy considered thet each C-curve
represented a distinct change in the ageing process, and that the temperature
of intersection represented the condition for equal probability of fommation
of each phase.

Liad Specimens of DOP and FSP materials, 1% inches long, %— inch wide and

10 s.w.g. thick, were used to determine the ageing curves associated with th
temperatures of interest.o The test pieces were solution treated at 165 + 3C,
quenched into water at 18°C + 2°C and immediately placed in ageing baths which
were controlled to better than + 2 C. Hardness tests (H.V.5) were carried out
after various ageing periods at the required temperatures and the incubation
values determined. Tests were made to find the time taken for the specimens

to reach the ageing temperature, and this period was deducted from the

incubation value. At certain temperatures incubation values were not observed

as the alloys started to age-harden immediately on achieving the bath temperatures.

On plotting incubation values against the reciprocal of the absolute
ageing temperatures, a series of intersecting C-curves was obtained, Figure 6,
the temperatures of the intersections of which agreed very closely with those
of the promontoriesfound in the interrupted quenching experiments., It would
seem most likely therefore that these two sets of experiments indicate the
same phenomena, i.e. the different stages in the ageing sequence.

5. MECHANICAL PROPERTIES ASSOCIATED WITH INTERRUPTED QUENCHING

Tensile and Charpy impact test pieces were solution treated at 46500
for one hour, quenched into molten s2lt or oil at the required intemmediate
temperature, held for 4 minutes, water quenched and immediately aged at 110°C
for 48 hours.

2
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51 The results of tensile tests on all fiye alloys following
interruption of the quench between 190 C and 360 C and ageing as described
above, are given in Teble II, and the average of longitudinal and transverse
tests are plotted in Figure 7. Although the general shapes of the curves of
0.1% proof stress and maximum stress were similar for all five alloys, the
tensile properties of those containing small amounts of Cr and Cd suffered
greater dggradation than the other alloys when the quench was interrupted
below 300°C. At and above this temperature the tensile pgoperties of the
alloys were very similar. Interrupting the quench at 190 C had virtualg.y no
effect on the stress values of DOP, FSP and the low Cu alloy, and at 250 C the
reduction in tensile properties of these alloys was only a2bout one third of
that of those containing Cd and Cr. The lowest tensile properties of tge
alloy containing O.5% Cu were obtained on interrupting the quench at 320°C,
whereas the other four glloys had their lowest properties after the quench had
been interrupted at 300 °C.

52 Hardness tests showed the same pattern as the tensile tests. The
values for DOP, FSP and the low Cu a%loy remained constant, when the quench was
interrupted in the range 20°C to 190 C, whereas the hardnesses of the other two
alloys fell continuously and at an :’.ncreaging rate as the temperature at which
the quench was interrupted approached 300 C. With the exception of the alloy
containing O.5% Cu, the lowest hardnesses were reached when the quench wes
:'Lntgrrupted at %00°C. The hardness of the low Cu alloy reached & minimum at
320°Ce

5% 3 Charpy impact tests were carried out at -1 960 C, and the average of
two longitudinal and two transverse test results of each material, and their
hardnesses, are shown in Figures 8 and 9, plotted against the interrupted
quench temperature. The behaviour of DOP, FSP and the Cr and Cd-bearing alloys
Wasosimilar, having the greatest impact value after a quench interruption at

300 Ce There was, however, a change in 3he shape 8f the curves between the
interrupted quenching temperatures of 360 C and 465 C. The low Cu alloy
possessed its maximum impact value after interruption of the quench at 3207C.
The Charpy impact values of this material were considerably lower than those of
the other four alloys for all intemmediate temperatures.

6. DISCUSSION

61 A search of the literature has revealed only two papers dealing with
the effects of interrupted quenching of light alloys. Renouard (5) has
determined time-temperature-property diagrams for durealumin alloys by quenching
into baths at intermediate temperatures for various periods. Fink and Willey
( 6) carried out tests on 755 material, which is very similar in composition to
DTD 687A, to determine the critical quenching rate, by interrupting the quench
at various temperatures. They found that the tensile properties were adversely
affected when the quench was interrupted at temperatures between 290 C and
uOCPG, the most critical temperature being 35000. These results are not in
complete agreement with those obtained in this investigation, which has shown
that the tensile properties were adyersely affected between interrupted quench
temperatures of about 190°C and 400 C, the most weakening intermediate
temperature being in the region of 300°C. There does not appear to have been
any work carried out on the effect of interrupted quenching of this type of
alloy over the whole range of temperature from 20°C to the solution treatment
temperature.

6e2 Incubation values could not be determined above abou’cOZBOOC because
the test pieces started to harden in too short a time. At 320°C alloys DOP
and FSP showed a small reduction in hardness after one hour's ageing, presumébly
due to some re-solution of the incoherent final precipitate.

The temperatures of the promontories in the curves of interrupted
quench temperature versus hardness agree closely with those given by the
intersections of the C-curves derived from incubation value determinations, and
almost certainly indicate different stages in the ageing sequence.

3
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6e3 Except for the low copper alloy Wwhich showed 3 promontories, the othexr
materials containing over 1% Cu, indicated that ageing of this type of alloy
occurs in 4 stages. Thomas and Nutting (7) found a three stage ageing

sequence in a 0,5% Copper alloy of DID 687A material, the sequence being &=

GP zones-sintermediate precipitate—-final precipitate.

The effect of increasing the Cu content is to cause an additional
transition phase to be formed, and the curves of interrupted-quenching
temperature against hardness indicate that this new phase occurs at a lower
temperature then the earliest~formed phase in the 0.%% Cu alloy. The ageing
sequence for alloys containing about 1.25% Cu is therefore believed to be:-

GP1 zones--» GP2 zones—Intemmediate precipitate—»>Final precipitate.

It is possible that the GP zones observed by Thomas and Nutting are
the GP 2 zones in the sequence abovee.

The four-stage ageing sequence described is similar to that found to
occur in the Al-Cu alloys of the duralumin-typee

6oly The effects caused by interrupting the guench from the solution
treatment temperature are due, in part, to the reduction of the quench-induced
stresses. As in "martempering" of ferrous alloys, interrupting the quench at
some intermediate temperature for sufficiently long to allow temperature
equalisation results in lower stresses arising from the final quench. Below
300 C, in addition to the stress-reducing effect, nuclei of the particular GP
zong or precipitate in equilibrium atothat temperature are also formed. At
300°C precipitation is complete, (320°C for the 0e5% Cu alloy), and as this is
incoherent with the matrix, the materials are soft and have enhanced shock
resistance, Above 300 C the final precipitate redissolves in the matrix, and
re-solution is sensibly oompletg by about 38000. For the low Cu material
these temperatures are about 20°C higher.

The reduction in stress level is perhaps illustrated by the greater
-—'196O C Charpy impact values with satisfactory hardnesses of DOP and ISP alloys
obtained when the quench is interrupted at 38000 or over. Although the Cr an
Cd-bearing materials would have satisfactory shatter resistance, both the -196°C
impact values and hardnesses are slightly lower than those obtained by
conventional treatment. The alloy containing 0.5% Cu could not be made to
combine freedom from shatter with the required tensile strength, by any form
of treatment.

6¢5 The tensile properties of the DOP and FSP materials, and of the low

Cu alloy suffered gnly slight degradation when interrupted quench temperatures

of up to about 200 C were used, whereas these properties of the alloys containing
small amounts of Cg and Cd suffered marked reduction even at an intermediate
temperature of 150 C. These results confim the observations of High Duty
Alloys Ltd. on the deleterious effect of Cr on the tensile properties after
interrupting the quench at 18000, and also indicate that in this respect Cd
behaves similarly.

6.6 The table below shows thg interrupted quench temperatures which may
be used, followed by ageing at 110°C C“f’or 48 hours, to produce shatter-free
material i.e. material having a ~196 C Charpy impact value of not less than
0.6 £t 1b with & hardness (HV 5) greater than 175.

Material Temperature of quench interruption
DOP wp to 20020 and above 36020
FSP up to 8000 and above 36000
with Cd up to 8000 and above 370 C
with Cr .up to 80 C and above 370 C
with 0.5% Cu NONE
&
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The first four alloysoin this table can be brought into a shatter-
free condition by ageing at 11Q°C. It might therefore have been thought that
interrupting the quench at 110 C, followed by ageing at the same temperature,
would also have produced satisfactory material, but the results above do not
support this expectation, except in the case of DOP mategial, containing only
2.1% Mg, which is also shatter-free after ageing at 135 C.

On quenching fram 465°C into an oil bath at 80°C a moderately i
agi'gated test piece cooled through the suggested GP2 range, i.ee from 175 C to
120°C, in 2.8 secs whereas when the oil bath was at 110°C, the same specimen
with the same amount of agitation cooled through this range in 8,3 seconds.

It would therefore appear that about 8 secs. was long egough to have allowed
formation of sufficient of the phase stable between 173 C and 120°C to inter-
fere with the production of GP{1 zones on ageing at 110 C.

Since the: . suggested GPjzones are not formed in the 0.5% Cu alloy,
which is shatter-prone, it would seem that freedom from shatter of moderately
alloyed material can only be achieved in the presence of the GP{1 zone structure,

It was shown in A.R.D.E. memorandum (MX) 66/59 that if the fracture
path of Charpy impact specimens broken at -196 C was predominantly inter-
granuler, the material was shatter-prone. Examination of the fracture path
of Charpy test pigces of the 0s5% copper alloy, after re-solution treatment
and ageing at 110 C for 48 hours, and broken at =196 C, showed the fracture
path to be 6#% intergranular.

7«  CONCLUSIONS

By use of an interrupted quench technique it has been found
possible to determine the ageing sequence of DTD 687A alloys containing
high and low megnesium and copper contents, and also small amounts of
cadmium and chromiume With the exception of an alloy containing only
O« 5% Cu, the ageing sequence is believed to be:-

GP 1 zones - :GP 2 zones- >intermediate precipitate—> final precipitate.
In the low Cu alloy this suggested GP 1 zone phase is absente.

The temperature domains of the different phases detemmined in this
work apply to the conditions obtaining during these experiments.

Moderately alloyed materials containing approxgmately 1425 Cu can,
it has been shown, be made shatter-free by ageing at 110 C i.e. by ageing in
what is presumably a GP 1 zone regione It has not been found possible to
devise heat treatment schemes to produce freedom from shatter in material
containing 0.5% Cu.

No advantage would be derived from ghe use of low interrupted-
quench temperatures followed by ageing at 110 C for 48 hours in the
production of shatter-free allogs. For the alloys DOP and FSP interrupted
quenches at temperatures of 380 C and over resulted in improved -196°C
impact values for the same (méximm) herdnesses, but the materials containing
small amounts of Cd and Cr showed no improvement.

Tengile test results after interrupted quenching and subsequent
ageing at 140 C showed no degradation of properties for the materials DOP
and FSP up to an interrupted-quench temperature of 190 C, whereas the Cr
and Cd-bearing alloys gave low values. These results confirm the findings
of High Duty Alloys Ltd. on the deleterious effect of small amounts of Cr
on the tensile properties when interrupted quenching is used, and indicate
that the effect of Cd is similar,

5
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APPENDIX I

Tests of clad Hiduminium RR77 material supolied by
High Duty Alloys Ltde

Two pieces of clad Hiduminium RR77 material, approximately 12" x 6"
and 10 Se.wege thick, were received for examination.

The treatment given was said to have been: -

145 minutes at 460°C,

Quenched into salt at 180°C for L4 mins,

Cold water quenched and stretched 1%% in the direction of rolling,
Aged for 8 hours at 13500.

The 1%% stretch was applied because this was considered to be the

equivalent of the cold flattening given to production sheets after solution
treatment.

Tensile Tests on supplied material

Longit. Transv, Hv(5)
0e1% Proof Stress% tons 2840 27,8 178
per
Meximum Stress ) sqe.inch o7 T
Elongation % 12 11

Charpy Impact tests at —1 96°¢

Sheet (a) Longite 0451 0048 ft. 1be. Transve 0.43 0.46 ftelb.Average
Ol £te 1be

Sheet (b) Longite Ouel5 0o48 fte 1be Transv. Ou41 0ol ft.lb.Average
Oulili. THs 1bs

Since the material was_judged from these figures to be shatter-prgne,
it was re-heat treated, i.es 465 C for 6 hours, water quenched, aged at 110 C
for 48 hours.

Re-heat treated Charpy impact tests at —1 9600

Longite 0652 0u49 ftelbe Transve 043 0,46 ft.1b. Average 0.48 ftelbe
H(5) 185.
It should be remembered that RR77 material contains only 0.5% copper, and

it has not been found possible to obtain such material in a shatter-free
condition, with adequate tensile strength.
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Armament Research & Development Establishment 669.715:
AoRsDoE. Memorandum (MX)68/60 669.715=156:
620,178.72
The shatter of high strength aluminium alloys.
Eleventh Progress Report,
The effects c¢f interrupted quenching cn five
alloys made to specification DTD 687A
T,Williams. December 1960

The relationship between the temperatures at which the solution treat-
ment quench was interrupted for short periods and the respective hardness
values obtained at definite intervals after the final cold water quench,
was found to be a curve consisting of a series of promontories and bays.

An alloy containing 5..6% Zn, 2,5% Mg and 0.5% Cu showed three promontories
whereas four other alloys, containing about the same amount of zinc, 1.25% Cu,
between 2o1 and 2.6% Mg and with two of the alloys containing 0.17% Cr and
0.05% Cd respectively, showed four such promontories, which it was considered*
indicated a four-stage ageing sequence., This was believed to be:-

GP1 zones - OP2 zones - Intermediate precipitate -~ Final precipitate

v o e e 0
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Armament Research & Development E&ta ent 669,715
AReD.E, Memorandum (MX)68/60 669.,715~156:

_ 620,178.72

The shatter of high strength aluminium alloys
Eleventh Progress Report
The effects of interrupted quenching on five
alloys made to specification DTD 687A
TJWilliamse December 1960

The relationship between the temperatures at which the solution treat-
ment quench was interrupted for short periods and the respective hardness
values obtained at definite intervals after the final cold water quench,
was found to be a curve consisting of a series of proméntories and bays.

An alloy containing 5.U% Zn, 2.5% Mg and 0,57 Cu showed three promontories

whereas four other alloys, containing about the same amount of zinc, 1.25% Cu,
between 2.1 and 2,6% Mg and with two of the alloys containing 0.17% Cr and
0.05% Cd respectively, showed four such promontories, which 1t was considered,
indicated a four-stage ageing sequence, This was believed to be:i~ !

GP1 zones - GP2 zones - Intermediate precipitate = Final precipitate!
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Armament Research & Developm}e(ﬁ%Tg%gEqishment 669,715:
AeRoDoE, Memorandum (MX)68/60 669.715-156¢
620.178.72
The shatter of high strength aluminium alloys.
Eleventh Progress Report,
The effects of interrupted quenching on fiwe
alloys made to specification DID 687A
T.Williams. December 1960

The relationship between the temperatures at which the solution treat-
ment quench was interrupted for short periods and the respective hardness
values obtained at definite intervals after the final cold water quench,
was found to be a curve consisting of a series of promontories and bayse
An alloy containing 5.4% Zn, 2.5% Mg and 0,57 Cu showed three promontories
whereas four other alloys, containing about the same amount of zinc, 1.25% Cu
between 2.1 and 2.6% Mg and with two of the alloys containing 0,177 Cr and
0.057 Cd respectively, showed four such promontories, which it was considered,
indicated a four-stage ageing sequence, This was believed to be:=

GP1 zones - OP2 zones - Intermediate precipitate - Final precipitate
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Armament Research & Development Establishment 669,715
AeReDoEe Memorandum (MX)68/60 669.715=-156¢
6204178.72
The shatter of high strength aluminium alloys
Eleventh Progress Report.
The effects of interrupted quenching on five
alloys made to specification DTD 687A,
T.Williams, December 1960

The relationship between the temperatures at which the solution treat-
ment quench was interrupted for short periods and the respective hardness
values obtained at definite intervals after the final cold water quench,
was found to be a curve consisting of a series of promontories and bayse. l
An alloy containing 5.4 Zn, 2.5% Mg and 0,57 Cu showed three promontories
whereas four other alloys, containing about the same amount of zinc, 1.25% Cu
between 2.1 and 2,67 Mg and with two of the alloys containing 0.17% Cr and
0.05% Cd respectively, showed four such promontories, which it was considered,
indicated a four-stage ageing sequence., This was believed to be:i-

GP1 zones = GP2 zones - Intermediate precipitate = Final precipitate |
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It is known that an alloy of this type containing 0,5% Cu ages in a .
three~stage sequence, there being only one GP zone phase,

As a heat treatment for producing shatter-free alloys, there was no
advantage in the use of low interrupted-quench temperatures followed by
ageing at 11OOC for 48 hours, but interrupting the quench at 380°C and over,
and ageing similarly, resulted in improved -196°C Charpy impact values for
the same hardnesses obtained by the normal treatment of DOP and FSP alloys,
containing 5.5/ Zn, 1.25% Cu and 2,1 and 2,5% Mg respectively, The other
materials showed no improvement in properties when interrupted quenching
was used, indeed it was not found possible by any form of treatment to
produce freedom from shatter in the alloy containing 0.5/ Cue
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It is known that an alloy of this type containing 0.5% Cu ages in a
three-~stage sequence, there being only one GP zone phase,.

As a heat treatment for producing shatter-free alloys, there was no
advantage in the use of low Interrupted-quench temperatures followed by
ageing at 110°c for 48 hours, but interrupting the quench at 380°c and over,
and ageing similarly, resulted in improved -196°C Charpy impact values for
the same hardnesses obtained by the normal treatment of DOP and FSP alloys,
containing 5.5% Zn, 1.25% Cu and 2,1 and 2.5% Mg respectively., The aother
materials. showed no improvement in properties when interrupted quenching
was used, Indeed it was not found possible by any form of treatment to
produce freedem from shatter in the alloy containing 0¢5% Cue
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It is known that an alloy of this type containing 0,5% Cu ages in a
three=stage sequence, there being only one GP zone phase,

.As a heat treatment for producing shatter-free alloys, there was no
advantage in the use of low interrupted-quench temperatures followed by
ageing at 110°C for 48 hours, but fnterrupting the quench at 380°C and over,
and ageing similarly, resulted in improved -196°€ Charpy impact values for
the same hardnesses obtained by the normal treatment of DOP and FSP alloys,
containing 5.5% Zn, 1.25% Cu and 2.1 and 2.5% Mg respectively., The other
materials showed no improvement in properties when interrupted quenching
was used, indeed it was not found possible by any form of treatment to
produce freedom from shatter in the alloy containing 0.5% @u.
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It 1s known that an alloy of this type containing 0,57 Cu ages in a
three-stage sequence, there being only one GP zone phase,

As a heat treatment for producing shatter—-free alloys, there was no
advantage in the use of low interrupted-quench temperatures followed by
ageing at 110°C for 48 hours, but interrupting the quench at 380°C and over,
and ageing similarly, resulted in improved =1960C Charpy impact values for
the same hardngssesobtained by the normal treatment of DOP and FSP alloys,
contalning 5,57 Zn, 1425% Cu and 2,1 and 2,5% Mg respectively. The other
materials showed no improvement in properties when interrupted quenching
was used, indeed it was not found possible by any form of treatment to
produce freedom from shatter in the alloy containing 0.5% Cue
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