MRL-TN ~411-—_! e mw,’::."“-as ¢
S S
i AUBTRALIA ‘ AN /J". %
DEPARYMENT OF DEFENCE
DEFENCE SCIENCE AND TECHNOLOGY ORGCANISATION
MATERIALS RESEARCH LABORATORIES
MELBOURNE, VICTORIA
oy Iecumcmf(orel,
A , R ST :
MRL-TN-411
: {' ‘\ EFFECT OF AGEING ON THE _HARDNESS AND TENSILE PROPERTIES OF ALUMINIUM .

ALLOY qu WITH SPECIAL BEFERENCE ° 70 THE INFLUENCE oF JJH.AY JIME
BETWEEN THE QUENCHING AND AGEING ;LREATMI:NT

et S AN it et - e e s ¢ -
R U M

-
J.H.7Co1e]

[ S

m""":'.( n S /’—' ‘/’“ - /
= A TV v r i o
; —” m, / N 1”./-‘"’“" \%‘/ r /’

Anproved for Pubiic Relerase

-
)

FILE c’é’ﬁ?‘

B U X JEFUR TP ST SR DSOS S S

===
4 b
g‘!
9
&k
-3
=

PR R PN ILE. o NI

© COMMONWEALTH Of AUGTRALIA 1978




. ‘ T YA N DAY T TR AT T T T R ——
‘ N v

APPROVED s

P

FOR PUBLIC RELEASE

THE UNTED STATRS sATORAL

T T S I T T Y Wy T

. i ek i e e

. im‘““w‘m*ﬂnmj

T TR T

ST

T T T T ST

i ML Al e s it S ik it kb i i d s o stk it . Attt 3. AR5 st e w8 e e b e o e




A - ! o B T o e, B R B . B A T T TRy oy

3 DEPARTMENT OF DEFENCE

MATERIALS RESEARCH LABORATOR!ES
TECHNICAL NOTE

MRL-TN-411

i EFFECT OF AGEING ON THE HARDNESS AND TENSILE PROPERTIES OF ALUMINIUM
? ALLOY 7001 WITH SPECIAL REFERENCE TO THE INFLUENCE OF DELAY TIME
f BETWEEN THE QUENCHING AND AGEING TREATMENTS

;

J.H. Cole

| —~

g \‘\

7, ‘ \ ABSTRACT

] \\, /

. : . The changeéin hardness of 2dumiuium alloy 7001 with time at

: temperatures Zf'C, 50%C and 12IYC following quenchi é frem solution

heat treatment at 460%C has been determined. At 2 C, natural ageing
caused a hardness increase from 104 HV t¢/ 191 HV in 6% yeirs and the

- hardncss was still rising. Ageing at 50 C caused an increase in
hardness from 104 HV to 179 HV in 96 h the hardness was still

3 rising. After approximately 72 h at 12 a peak hardness of 216 HV

i vas reached. Subsequent heating at 121-C /after various periods of

Y time up to 4 years at 22°C and 96 h at 50%C caused an initial reversion
] : in hardness. e

Deluy times lrying from zerc to 217 days at zizc between quencliing
aad ageing at 121%C for 24 h did not appear to have any significant
effect on the harcness and tensile properties.
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Delay times varying from zero to 217 days at 22°C between
quenching and ageing at 121°C for 24 h did not appear to have any
significant effect on the hardness and tensile properties.
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EFFECT OF AGEING ON THE HARDNESS AND TENSILE PROPERTIES
OF ALUMINIUM ALLOY 7001 WITH SPECIAL REFERENCE
TO THE INFLUENCE OF DELAY TIME BETWEEN THE.QQENCHING
AND AGEING TREATMENTS

INTRODUCTION

Rocket motor bodies and closures for Rocket HEAT 66 mm L1A2 are
being made in Australia from American Aluminum Association Alloy 7001
using production methods based on information supplied by A/S Raufoss
Amnunisjonsfabrikker (RA). RA Inspection Plans Nos. 3-1332 and 3-1333

-]
specify the following heat treatment: solution heat treat at 465 t lg°g for
30-40 min, quench into water at less than 40°C with a cooling time of
3-5 min, age at 120 % 5°C for a minimum of 22 h with the delay time between

solution heat treatment and ageing being either less than 2 h or greater
than 48 h.

No published information on the effects of delay time on the
properties of this alloy could be located. However, the recommendation is
apparently based on reports that certain alloys of aluminium with zinc,
magnesium and copper which contain chromium show changes in tensile strength
and proof stress with variations of delay time between quenching and
elovated-temperature ageing, particularly in the perilod 2 to 48 h (1,2).

To gain requisite information on the alloy and to investigate how
critical the delay period was for this alloy, experiments were carried out
tc study (a) the change in hardness on ageing for various times at room
temperature (22°C) and 121°C, (b) the change in hardness wich delay time at
room temperature followed by ageing at 121°C for various times, and (c) the
variation in tensile properiies with delay time at room temperature
followed by a standard ageing treatment of 24 h at 121°C.

As motor body forgings may be held in hot (50°C) lubricant between
solution Leat treatment and the straightening and expanding operation, the
variation in hardness with time at 50°C, and subsequent ageing at 22°C, was
also studied. During the course of the above studies it was noted that the
hardness of test pleces held at 22°C after short periods of ageing at 121°C,
continued to rise. To determine whether the prior ageing at 121°C had

changed the hardening mechanism, the effect of further heating at 121°C was
also studied.
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MATERIAL

The material used originated from Harvey Aluminum Co., USA, and wes
in the form of extruded bar 47.6 mm (1-7/8 in) in diameter; the composition
is given in Table 1.

As there was a variation in macrostructure in the vicinity of the
outer surface of the extruded bar, tensile test pieces were machined from
9.5 mm (3/8 in) diameter bars extracted from the central 35 mm (1-3/8 in)
diameter region of the extruded bar. For coaparison, a small number of
test pieces containing some of the outer regiom of the bar which exhibited
a coarse grain sixze after heat treatment were also tested. Discs, 3 mm
(1/8 1in) thick, were sliced from the extruded bar and cut into segments for
hardness tests.

HEALT TREATMENT

The tensile blanks (9.5 mm (3/8 in) diameter bars) and harduness
test pieces were heated in an air-recirculation furnace at 460°C for
40 min and quenched into water at 37°C; the water temperature rose to 39°C
after 2 min. The samples were removed from the water and stored in an air-
conditioned room at 22°C for room-temperature ageing. The ageing treatment
at 50°C was carried out in an air-recirculation oven for various times from
1/4 h to 96 h. The ageing treatment at 121°C was carried out in the same
air-recirculation oven for 24 h for the tensile blanks and for various
times ranging from 1/4 h to 17 days for the hardness test pieces; for ageing
times leas than 1/4 h, an oil bath was used, the test pieces being quenched.
in white gpirit after the ageing.

TESTING

The heat-treated hardness test pieces were abraded on abrasive
papers to a8 600 grade finish on surfaces normal to the extrusion direction.
Vickers hardness tests were performed on these surfaces, away from the outer
edge, using a standard diamond pyramid indentor and a load of 20 kg. The
results of the hardness tests are given in Tables 2-4 and Figs. 1-5;
individual values are the average of 3 readings, the variations being within
t 3 HV,

Standard proportional (WT1/16) test pieces 7.16 mm (0.282 in)
nominal diameter with threaded ends were machined from the 9.5 msm (3/8 in)
diameter bars after heat treatment; care was taken to avoid possible heating
effects in the machining operations. The tensile tests were carried out on
a Riehle universal testing machine using a cross-head speed of 1.3 mm/min
(0.05 in/min). the results being given in Tables S and 6.
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RESULTS AND DISCUSSIUN

(1) iardness

The hardness in the as-quenched condition was 104 HV. Ageing at
22°C coumenced with very litile delay, ac shown in Fig. 1; after 6l years
the hardness had reached a value of 191 HV and appeared to be still rising
very slowly. On againg at 50°C (Fig. 2), the hardness followed a pattern
similar to that at 22°C but at a {aster rate; after 96 h the hardneses L.d
reached 179 HV and was still rising. On standing at 22°C after ageing at
50°C (Table 2), thn hardness continued to increase following the same
hardness/time curve as ii the herdness reached at 50°C had been reached at
22°C. On ageing at 121°C the hardness increased fairly rapidly, as shown
in Fig. 3. The hardness reached & maximum of 216 HV after approximately
72 h and then fell to 202 HV after 17 days. '

Test pieces held at 22°C for periods of 2 h to 1575 days had
hardnesses ranging from 124 to 190 HV before being aged at 121°C (Table 3).
On heating a sample held at room temperature for 2 h (HV 124) at 121°C the
hardness remained virtually constant for 18 s and then increased to 135 HV
after 72 s, the same hardness as a sample heated for 72 s immediately after
quenching. On heating a sample held at room temperature for 48 h (155 HV)
the hardness decreased to 142 HV after 72 s and then increased to 145 HV
after 3 min, the same as a sample heated at 121°C for 3 min immediately
after quenching. Other samples held for longer periods at room temperature
behaved similarly (Table 3, Fig. 4). A test piece which had heen aged for
95 h at 50°C (179 HV) and then held at room remperature for 554 days
(191 HV) was also aged at 121°C. Again the hardness/vime curve at 121°C
followed a similar pattern, the hardness falling below the hardness reached
at 50°C to a minimum value of 172 BV after 20 wmin and then increasing to
178 HV after 40 min, the same hardness as a sanple heated for 40 win at
121°C immediately after quenching (Fig. 4). On further ageing at 121°C,
the hardness/time curves for the above test pieces coincided with that for
a test piece aged at 121°C immedjately after quenching.

Test pieces aged for relatively short periods at 121°C increased in
hardness on standing a1 room temperature and the hardness values were still
rising slowly after 4 years (Table 4, Fig. 5). The iacreases in hardness
were independent of the delay time between queaching and ageing at 121°C.

A test piece which had been aged for 13 min at 121°C (165 HV) and
then held for 1200 days at 22°C (194 HV) was reheated to 121°C. The Licrd-
ness fell to 182 BV after 20 min and then ruse to 184 HV after 15 min, the
same as that of & test piecce aged for 50 min at 121°C luamediccely after
guenching. Again, on further ageing at 121°C the hardness/time curve at
121°C coincided with that of a sample continuously aged st 121°C immediately
after queaching (Fig. 4).

From the above results it may bz inferred that hardening at 22°C
and 50°C is caused by the formation of Guinier-Preston (GP) zones. These
GP zones are dissolved causing a reversion in hardness by heating at 121°C,
at which temperature precipitation takes place.
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Although it would appear that waterial aged for the specified
minimum time of 22 h at 121°C was close to saximum hardoness it is slightly
under--aged.

(11) Tensile Properties

There waa no trend in variation of tensile properties with time of
delay between quenching and ageing at 121°C for 24 h. Test pieces taken
from the centze of the extruded bar, which had a uniform fine grain size,
exhibited typical uniform cup and cone fractures and the variations in
properties were within the noraal statistical scatter in material properties.
The tensila properties of these test pieces, both in ragard to average
values and lowest recorded values, vere well above the specified minimum
values and the suggested typical values as shown in Table 5. The average
elongation on a length of 4 x diameter was 9%, the lowest value being 8%,
compared with the specified minimum value of 72. On the other haud, test
pieces taken from the outer regions of the extruded bar, which contained
some coarse-grained regions, exhibited a less unifurm fracture snd longi-
tudinal cracks were present in the coarse-grained regions of the fractures.
Moreover, there was a scatter in the tensile properties, some valucs being
just under the specified minimum values (Table €).

The absence of any significant variation in tensile preoperties vith
variation of delay time between quenching and ageing at 121°C .or 24 h 1s
in accord with the hardness resulte which indicated that the atomic re-

arrangements responsible for the increase in hardness at 22°C were deatroyed
by heating at 121°C.

REFERENCES

1. Dix, E.H. (1945). Trans. ASM, 35, 130.
2. Rosenkranz, Von W. (1963). Aluminium, 39, 741.

3. Long, J.R. and Roteeil, W.C. (1964). Harvey Al'minium Report No. 26i.
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TABLE

COMPOSITION OF MATERIAL, wt 2%

Element Sample Spcci%;;uon
Copper 2.24 1.6 to 2.6
Iron 0.3 approx 0.40 max
Silicon 0.15 approx 0.35 max
Manganese Faint trace 0.20 max
Magnesium 3.14 2.6 to 3.4
Chrounium 0.2 approx 0.18 to 0.40
Zinc 7.41 6.8 to 8.0
Titanium 0.05 approx 0.20 max

it K Rl Lo AT e




Rl ki o e

R A e bt S S

T

Bk R At A et

]
]
‘.

EFFECT OF AGEING TIME AT 50°C ON HARDNESS (HV 20),

TABLE

2

——

FOLLOWED BY AGEING AT ROOM TEMPERATURE (22°C)

Hardness (HV 20) after Various Times at 22°C,

Time Rardness, folloving Ageing at 50°C
at 50°C HV 20
4 h 24 h 48 h 7920 h 13 440 h

0 104 133 151 159 186 187

17 vin 128 137 152 159 184 188

32 min 140 148 155 163 189 191
1h 147 151 156 164 189 189
2h 153 154 162 163 188 190
3h 158 189 189
4 h 158 161 162 188 189
6 h 162 18+ 190
7h 162 188 190

24 h 171 173 190 191

30 h 172

48 h 173

72 h 176

96 h 179 190 190
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TABLE 3

LFFECT OF AGEING TIME AT 121°C ON HARDNESS (HV 20)
FOLLOWING VARIOUS DELAY PERIODS AT 22°C

AFTER QUENCHING FROM 460°C

| Delay Tine, h 0 2 a8 | 168 | 1032 | s208 | 37800
E Ageing Time at 121°C Hardness
Zero 106 | 124 | 155 | 164 176 183 190
10 s 107 {123 | 154 | 163
18 s 12 |12 |11 | 161
36 s 126|127 | 143 | 156
72 s 136 | 135 | 142 | 150
108 s 138 | 138 | 142 | 145
3 min 146 | 147 | 145 | 146
4 min 149
5 ain 179
6 min 153 153 | 155
10 min 159 | 159 171
15 min 166 | 164 | 165 | 166 165 165 173
30 min 175 173 | 175 | 175 175 175 174
l1h 186 | 186 | 182 | 183 181 181 184
4h 202 | 203 | 201 { 199 203 200
5h 205 202
6h 202
7h 209 208 | 204 205
2 h 213 | 213 | 212 | 210 213 210 212 ‘
30 h 215 | 214 '
48 h (2 days) 215 | 217 215 215
72 h (3 days) 216 | 216 214
96 h (4 days) 214
120 h (5 days) 211 213 :
144 h (6 days) 212 | 214 | 212 212 ;
168 h (7 days) 210 :
192 h (8 days) 209 | 209 | 210 R
240 h (10 days) 209 | 210 210 =
360 h (15 days) 207
408 h (17 days) 202 | 203




TABLE

4

EFFECT OF AGEING AT RUOM TEMPERATURE (22°C) ON HARDNESS (HV 20)
PRIOR TO AND FOLLOWING AGEING AT 121°C FOR VARIUUS TIMES

Hardneas (HV 20) After Various Times (h)

o MR Wiyt AL ¢

1
3
;
llE
&
¢
3
4
b

Ageing Time, | Hardness | Ageing Time, at 22°C following Ageing at 121°C
h at 22°C (Vv 20) h at 121°C

0 24 72 240 | 1000 | 3700 | 9200 | 27600 | 33000 | 51000

0 - 0.25 165 167 168 171 177 187 190 195 193 200

2 124 0.25 164 }164 |167 168 175 184 189 195 193 199

48 156 0.25 165 166 170 178 185 190 194 192 196

168 163 0.25 169 168 [169 | 173 178 186 191 195 194 195

1032 174 0.25 165 174 183 190 193 194 197

5232 181 0.25 165 187 195 198
37800 190 0.25 173

0 - 0.5 176 176 175 176 180 185 190 196 198 199

2 124 0.5 173 176 1727 177 180 186 192 197 196 199

48 156 0.5 175 176 178 187 189 195 198 196

168 163 0.5 175 175 182 108 191 198 195 196

1032 174 0.5 175 186 189 197 199 200

5232 181 0.5 175 191 200 202
37800 190 0.5 175

0 - 1 186 185 185 185 186 188 192 197 199 202

2 124 "1 186 | 186 | 186 187 190 193 199 198 205

48 156 1 132 182 185 186 192 195 195 198

168 163 1 183 184 186 187 193 178 196 199

1032 174 1 181 182 189 191 200 200 198

5232 181 1 181 191 198 200
37800 190 1 184

o} - 4 202 201 {203 | 203 201 202 203 205 207 204

2 124 4 203 204 203 203 204 203 206 203 208

48 156 4 201 203 203 203 204 205 205 20;

168 163 4 199 200 202 202 202 204 205 203
1032 174 4 203

5232 181 4 200 205 205 207
37800 190 4 198

0 - 7 209 205 207 206 208 206 206 210 210 210

2 124 5 205 206 204 206 205 207 209 211 209

48 156 7 208 207 207 207 209 21¢ 208 208

168 163 7 204 205 207 209 205 209 209 208
1032 174 8 205
5232 181 6 202
37800 190 7 203
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TENSILE PROPERTIES* OF MATERIAL FROM CENTRAL REGIONS OF BAR (UNIFORM FINE GRAIN SIZE)
AFTER VARIOUS DELAY TIMES BETWEEN QUENCHING FROM 460°C_AND AGEING AT 121°C FOR 24 h

Proof stress

i o e

Elongation
Delay time, Limit of Tensile per cent Reducfion Hardness
proportionality I strength of aea
h 1000 1bf/4in? 0.1% offset | 0.2% offset 1000 1bf/tn2 | °® on er cent HV 20
1000 1bf/in? 4D 5.65 /A | P ceP
0.07 87 98.3 99.6 104.6 9 9 12 214
2 87 100.1 100.8 105.9 9 8 212
87 99.6 100.3 105.1 9 9 12 212
[ 88 99.6 100.8 105.7 10 9 13 214
8 74 97.2 98.3 104.0 10 9 12 211
86 98.8 99,7 105.0 9 9 11 212
16 90 99.3 100.0 106.0 9 8 13 215
2 83 98.8 99.7 104.9 9 9 15 212
(1 day) 87 98.3 99.7 104 10 9 12 215
y 88 99.3 100 105 9 8 9 216
48 88 100.1 100.7 105.9 9! s 11 213
(2 days)
96
(4 days) 87 100.0 101 106.3 8 7 13 214
168
(7 days) 86 98.2 98.6 104.4 9 8 12 211
192 83 98.9 100 106 8 7 11 213
(8 days) 91 99.8 101 106 9 9 14 214
1008 69 91.9 98.8 104 9 8 1n 214
(42 days) 82 98.7 99.3 105 8 8 10 213
5208 70 100.6 101 106 8 9 9 209
(217 days) 69 9.8 99.7 105 10 9 14 210
Average 83 99.2 100.1 105 9 8 12 213
value
Specified
minimum 82 89 7
values
Suggested
typical 96.5 101 8
values
(Ref, 3)

* As the material conforms to an American Specification, the properties are expressed in non-SI

units,

For conversion, 1000 1bf/in? = 6.89 MPa.
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TABLE

6

TENSILE PROPERTIES* OF MATERIAL FROM OUTER REGIONS OF BAR (NON-UNIFORM GRAIN SIZE)
AFTER VARIOUS DELAY TIMBS BETWEEN QUENCHING FROM 4.50°C AND AGEING AT 121°C FOR 24 h

L

Proof stiress Elongation
Limit of Tensile Reduction
Dehyhtm' proportionality |, 12 oeeuer | 0,28 offset strength | ot e | of area n.gn;;.
1000 1bf/in 1000 1bf/in2 1000 1bf/in 4D 5.65 /A | PeT cemt
- -
0.07° 72 89.3 ‘ 91.1 97.7 8 8 13 12
1.1 75 93 94.1 100 11 9 15 214
) 66 78.2 81.8 90.8 9 8 18 211
4 65 76 79.8 89.1 13 12 - 213
16 75 93.1 94.1 99.8 10 9 12 213
65 75.8 82.6 90.6 10 9 - 213
24 63 81.1 4.9 93.6 9 v 18 213
48 72 89.6 91.0¢ 97.1 10 9 14 212
96 63 85.5 88.4 96.6 10 9 14 214
168 73 90.4 91.5 98.6 12 10 16 211
Average 69 85.2 87.9 95.4 0] 9 15 213
Specified
minimum 82 89 7
values
Suggested
:z‘l’:::l ¥6.5 101 3
(Ref. 3)
2

* Ag the material conforms to an American Specification, tlie properties are expressed in non-SI

units,

o

For conversion 1000 1bf/in? = 6.89 MPa.
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FIG. 2 ~ Chauges in hardness with ageing time at 50°C.

A S o

ST T

\\‘l

e " -y
o 1, ST

.m..\umu...
ARRS




R [ B T e Y N T T T T W T T oY R e I P PV

T e P T TG SRR T TR T i RIS T T R e AT AT G S T e AT AT TR R 4y 7y

0,121 3% 2up3 Surale yjym sssupiey uy saBusy) - ¢ °HI4

sINoyY ‘INIL r
O L0b o 1 10 100 1000
M T [T T 1 [T T 1 AR LLLARELR YT 7 T 0oL |
-~ ozt r
T
>
—on &8
4
m
o0
w
T
—o09 S
o
— 08t
0%
I 1 l 02z
sAep 0Z SAep 01 Aep |




£7 TR T TR BT T A ST oy AT T T P TN T R ST AT RRITITO. T (T Y T T T A AW T 1 TR TR I I T P oy & i bl e TY I T

*0,TZT PUB ‘3,06 0,77 3¢ Buyese ioyad z933e D, TZT 3I® 9wyl Buyalde Yijm ssaupawy uy e38uvy) - 4 *OI3
sinoy ‘ML

0]} i . 'O 100 1000

(82 0 0 0 U UL | | LALIL LI B B HAILILIN N B B B [y T 17 T 001 J

— 021
D022 ® Y2

— Oti W
p o
o
Z
m
7))
7]
%22 ® PZ <
K oo N .,
2.22 ® PL
.W.
08t
w S~
3 — .
,,, —
} T —
D022 ® POSS + .05 ® ys6
¥
] 002




S s e S Lmem e e s g R e S e g e AT T R YW 1 U5 P TS B T £ pary - e G 8 CTRIIETR AT A e GBI bt Lt 0 i Sl T T Sl i L

"S9W[] SNOTI®A 103 J,TZT ¥® Bujele iotad z933® 5,27 e awp3 SupeSe yiga gsaupaey uy sadusyy - ¢ °9IJ
SIN0Y ‘I
Ot 0. (O 20t o '
TTT T T T 7T T T T 7 LI B | T T T T 1 | LR B ovi

=1 09t

ol2l D Y%

Dol2l ® %

e —

Dolet ® U ooz

— 08t

OCAH ‘SS3INaHVH

DOol2t @ YL

— o2z

_ [ _ _ _

SIE3A G Jeak | sAep 00! sAep 0Ol Aep 1




T R

TR

- g . R

(MRL-TN-411)

DISTRIBUTION LIST
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Officer-in-Charge, Joint Tropical Trials and Research
Egtablishment

OF DEFENCE

DEPARTMENT
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Executive Controller, ADSS
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Chief Superintendent, Aeronautical Research Laboratories
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Senior Librarian, Defence Research Centre

Librarian, R.A.N. Research Laboratory

Document Exchange Centre, DIR (16 copies)
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Head, Engineering Development Establishment
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DISTRIBUTION LIST
(Continued)
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Chief, Research and Lavelopment, Defence Scientific Information
Service, Department of National Defance, Canada (2 copies)
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Colonel B.C. Joshi, Military, Naval and Air Adviser, High
Comnission of India, Red Hill, A.C.T.

Director, Defence Research Centre, Malaysia

Accessions Department, British Library, England

Official Publications Section, British Library, England
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