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Introduction

In the production of bumpers, Raufoss A/S uses alloys belonging to the lower or intermediate
strength regime of the 7000-series. AA 7108 is a group of alloys with 5-6 wt% Zn and 0.8-1:8
wi% Mg. The alloys typically realize yield strengths in the range 320-420 MPa (extrusions in
T6-condition) and provide satisfactory formability.

Both formability and T6-strength are reduced if the profile recrystallizes after extrusion or
solution heat treatment. Zr can be successfully added to 7000-series alloys to make them more
resistent to recrystallization, and this paper deals with such topics as the alloying of Zr, the
optimum amount of Zr and the homogenization process in which the precipitation takes place.
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Figure 1. The Al-Zr binary phase
diagram, after Phillips [1]
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and height 70 mm) with 0.21 wt% Zr were melted at 660 °C and kept for 1 hr, 4 hrs and 16

hrs followed by centrifuging in order to collect the particles in the melt at the bottom of the
sample, Figure 2.

The amount of sentrifuged particles was then determined by image analysis and the Al3Zr
type of particles was confirmed by microprobe analysis. From the calculated amount of Zr in
the particles the points in the phase diagram in Figure 3 could be plotted.
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Figure 2. The centrifuge used to separate particles in the liquid sample.

It is observed that the three points at 660 °C corresponding to the three holding times differ in
Zr-concentration, but not in a systematic way with increasing holding time. Three melts at
700 °C, 740 °C and 800 °C were also centrifuged . As expected, no particles were found in the
800 °C-sample, while it is interesting to note that a small amount of particles was found in the
740 °C-sample. This indicates that the solubility of Zr is lower (but only slightly lower) than
0.21 wt% at 740 °C.

The conclusion is that the binary phase diagram presented by Phillips applics'well. Thf1
measured points in Figure 3, indicating an increased solubility at 660 °C, should be mtcrgrctle
with care, as there is a possibility that not all the particles are sentrifuged effectively.

Consequently, the sample with the highest amount of particles, i.e the lowest calculated
solubility, is the most reliable.
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Figure 3. Measured liquid solubility of Zr in liquid 7108-alloy. The three measured points at

660 °C correspond to a holding time of 1 hr (highest solubility), 4 hrs (lowest solubility) and
16 hrs (intermediate solubility).

Dgggrming;ign of Zr in solid solytion

Fcr;s‘: aSmOurllt of Zr in solid solution has been measured directly with the microprobe on as DC-

ot millimpdes with 0.11, 0.16 and 0.21 wt% Zr. 40 arbitrary points in eacl? sample were
oy ned. As Zr segregates strongly, it was still a possiblity that the 40 points would not

tg>o an average of Zr in solid solution. To ensure that points near grain centers or grain
undaries w

s CIe not over-represented, also Zn and Mg was measured. These elements
Bregates eutectically, i.e opposite of Zr.

Table 1. Results from microprobe measurements of Zr in solid solution in DC-cast samples.

Alloy Average of 27-29|Average of 40

points from centre to | arbitrary points
dendrite boundary
Zr Zn |Mg |Zr Zn Mg
ggg g.zzn 0.81 Mg, 0.11Zr) [0.090]3.78 |0.97 |0.071|4.66 |0.85
205 (5.4 Zn, 0.80 Mg, 0.21 Zr) 10.159|5.14 | 111 |0.173|5.43 |0.92

A(537n,1.23 Mg, 0.16 Zr) |0.128 | 5.46 |0.86 |0.135 |5.34 | 1.39
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The results are presented in Table I. It has been shown experimentally, by dissolving the
sample in butanol and collecting the intermetallic particles on a filter (see [2] for a description
of the dissolution technique), that the amount of Zn and Mg bound up in particles is very
small, i.e the average matrix concentration should be almost the same as the alloy
concentration. It is observed from Table I that the average Zn and Mg-concentrations are close
to that of the alloy, and consquently the average Zr-concentration would also be representative
for the total amount of Zr in solid solution.

The results clearly show that it is possible to dissolve more than 0.11 wt% Zr in DC-cast
materials. Another proof for this was obtained by measuring the amount of primary Al3Zr in
the 0.21 wt% alloy, finding that this amount corresponds to maximum 0.04 wt% Zr.

Alloying of Zr

Primary Al3Zr is always found in the as cast material, more the more Zr that is added. It is
also evident that the liquid concentration of Zr is not following the liquidus stope in the phase
diagram in the casting process, as an average of 0.17 wt% Zr in solid solution has been
measured. It is obvious that the cooling of the melt in the gate between furnace and casting
table and in the casting process itself, is too high to allow for precipitation of Al3Zr up to the
amount prescribed by the equilibrium phase diagram. In the cast material we observed large
regulare plates of Al3Zr, constituting the main fraction of the Al3Zr primary particles, but
also agglomerates of significantly smaller particles. As a hypothesis it was suggested that .the
large particles originate from the fumace, while the smaller precipitated in the gate or during
casting.

The furnace temperature has been 730 °C in the conducted casting experiments, i.e slightly
below the solubility limit for the 0.21 wt% Zr-sample. It is therefore not surprising to fit}d
large AlaZr-particles in this alloy. However, similar particles are to some extent.found in
samples with Zr below the solubility level at the furnace temperature. These partwlqs can,
providing our hypothesis is correct, only be formed as a result of incomplete dissolution of
the alloyed Zr-granulates, or eventually as a result of local cold spots in the furnace.

Zr has so far been added to the melt as large (typically 10 gr.) lumps of 99% Zr. When ad.dmg
Zr this way, the dissolution is very slow if no stirring is applied, Figure 4. It is also evident
from the figure that stirring is not crucial if Zr is added as an AI90Zr10 master alloy of if the
Zr-granulates are crushed (typically 0.02 gr.). As a conclusion it seems rather probable that
the added Zr-lumps sink rapidly to the bottom of the furnace when the stirring is incomplete,
and thereby fail to dissolve. There are totally 10 intermediate phases between Zr and “_\1’ 31,
and the final reaction, being the dissolution of Al3Zr, will not always be completed dur.mg the
time between alloying and casting. These arguments and the results presented in Figure 4
confirm that the large Al3Zr-particles may well originate from undissolved Zr-granulates.
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Figure 4. Alloying 0.12 wt% Zr to the melt at 740 °C. Some loss is probable when the
crushed granulates was added.

Homogenization

During homogenization, or rather during the heating up to the homogenization zc;npe{atrilrg%
small Al3Zr dispersoides precipitate from the supersaturated matrix. The larg;:lr ;?c:o the
particles, f, and the smaller particles, T, the larger the Zener-drag (f/r), and the hig 2:1 b
recrystallization resistence, [4]. The upper homogenization temperature is determin < bz
events such as dispersoid coarsening and dissolution, while the' lqwer tempcra;urehcou ‘e
determined by that necessary to get nucleation of precipitates within a reaspnab Y Isv[ortsflm d
In practise, the lower temperature will be determined by that necessary to dissolve Mg d11 o
ZnyMg-particles formed during solidification, and to vanish out concentration gra enti
These topics will not be adressed in the present paper, but from published phase dlagraglfh;
can be concluded that it is the MgySi-dissolution that requires the highest temperature an
Si-content should consequently be kept as low as possible.

The Al3Zr-dispersoids wil

1 be rather inhomogenously distributed as a result of the non-
uniform distribution of Zri

n the matrix, making a direct measurement of the Z.ener-paramet.er
f/r very difficult. A possible way of characterising a homogenized condition with respect to its

recrystallization resistence ig simply to deform the material and check the recrystallization
resistence by series of heat treatments.

Tables 11, III and IV show the different homogenization conditions that were investigated.
After homogenization the mat

erial was cold-rolled 80%. A flash-annealing prior to the C?ld-
rolling was done in order to minimize any differencies in strain-hardening due to cold aging.
The samples were then heat treated in an air-circulated furnace at temperatures from
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Table II. A summary of investigated one-step homogenization
rold-rolled 80% before recrystallization annealing. Standard
measurement values are shown in paranthesis.

conditions. All samples are
deviation of 10 hardness

Homogenization treatment Recryst. Results
annealing
Sample |Heating [Temp. |Time at|Temp. |Time Hardness | Recryst.
no. rate (°C) Temp. (°C) (min.) (HV) degree
(°C/hr) (hrs)
1 60 300 0.5 450 32 37.5(1.5) |Fully
" " " 500 4 32.5(0.7) |Fully
2 60 400 24 475 32 48.3 (1.0) |Little
" " " 500 32 459 (1.4) | Partly
" " " 525 32 42.2 (1.6) { Mostly
3 >5000 1400 24 525 32 42.8 (1.7) | Mostly
4 60 425 24 525 32 50.2 (0.9) |Little
S 60 425 168 525 32 51.7 (1.2) | Very little
6 60 450 1 500 32 46.4 (1.5) | Panly
" " " 525 32 42.7(1.2) | Mostly
7 60 450 4 500 32 50.3 (0.9) | Very little
" " " 525 32 46.2 (1.0) | Little/partly
8 60 450 24 500 4 51.3(1.3) | No
" " " 500 32 47.8 (1.2) | No/very little
" " " 500 128 40.7 (1.4) { Very little
" " " 525 32 46.2 (1.3) |Litile
9 >5000 1450 24 525 32 39.4 (1.6) | Mostly
10 60 475 4 525 32 46.0 (3.3) | Little/partly
11 60 475 24 525 32 51.5(1.2) | Very little
12 60 500 1 500 32 52.9 (1.4) |Liule
" " " 525 32 42.4 (1.1) | Liwle/partly
13 60 500 4 500 32 51.5(1.7) [Litle
" " N 525 32 46.9 (1.2) | Little/partly
14 60 500 24 500 32 48.6 (1.0) | Partly
" " " 525 32 44.3 (1.4) | Parily/mostly
15 180 500 4 525 32 45.5 (1.6) {Little
17 >5000 1500 1 525 32 38.6 (1.0) | Fully
18 >5000 1500 4 525 32 37.0 (0.7) {Fully
19 >5000 | 500 24 525 32 41.0 (1.5) | Mostly
20 60 525 1 525 32 45.3 (2.0) | Partly
21 60 525 4 525 32 45.6 (2.9) | Partly
22 60 550 1 475 32 47.9 (0.6) | Partly
! " " 500 32 47.7(1.3) | Partly
" " " 525 32 45.3 (1.1) | Mostly/partly
23 60 550 4 475 32 45.1 (0.8) | Partly/mostly
" " " 500 32 43.8 (1.4) | Mostly
. i " 525 32 42.8 (0.9) | Mostly
24 60 550 24 415 32 38.6 (0.7) | Fully
N " " 500 32 40.2 (1.0) | Fully
. . " 525 32 39.1(1.0) | Fully
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i i ization treatments with slow heating
Table ITl. A summary of investigated two-step horpogcmzauog .
(6a0 °eC/hr) to the loa\?c;st temperature, and fast heating (>5000 °C/hr) to the final temperature

Homogenization treatment Recrys.t. Results
annealing
i i i Hardness | Recryst.
Sample \Temp.l Time at|Temp2 |Time at|Temp. Tnfle
,.3'"” ) (°c"’;p Temp.1 ((°C) Temp.2 [(°C) (min.) |(HV) degree
hrs hrs) -
25 350 g; : 500 4 500 32 50.1(0.7) | Very little
26 400 8 500 4 500 32 52.5(0.8) L}ttle
" " " " 525 32 49.3 (1.3) thdel. ﬂ
4 500 32 53.5(0.9) V'cu e
- 430 ? 590 " 525 32 46.0 (1.7) | Little/partly

Table IV. A summary of investigated homogenization treatments with' fast6}(1)eincr/1§r)(ig()t(l)](;
°C/hr) 1o the lowest temperature, immediately followed by a slow heating (

final temperature,

400-525 °C for times i
The samples were que
determined with a mi

were, however, used as the main indic

Results

The results are summarized i
gained fi

To avoid any significant recrystallization after a 32 min. heat treatment at 525+
& rate of 60 °C/hr, the end temperature should be at least 425 °C.
treatment is rather effective, and a 168 hr trcatmcr}t even morc.oAt
the result is better after 24 hrs than after a shorter time. At 500 °C,

homogenized with a heatin
At this temperature a 24 hr
450 °C and even at 475 °C

Homogenization treatment Recryst. Results

annealing
Sample | Temp.I [Time at] Temp2 |Time ar Temp. |Time (Hardness gecrysr.
no. (°C) Temp.l |(°C) Temp.2 |(°C) (min) | (HV) egree
I (hrs) (hrs)
28 350 0 475 2% 525 32 42.9 (1.5) | Mostly
129 1350 Jo s00 |4 525 32 39.9 (0.9) Molsgyzfum
e Iy
30 400__ o 475 |24 525 (32 38.5 (0.8) | Fu
3t 400 To 500 |4 525 |32 39.4 (0.9) | Fully
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fowever, the 24 hr treatment is too long and better results are achicved after 4 hrs. At 525 °C
the recrystallization resistence decreases slightly, while at 550 °C the structure is nearly
pompletely recrystallized after only 1 hr. If the heating rate is increased from 60 to180 °C/hr.
the result seems to be very little influenced.

A two-step process provides, as expected, good results, but not better than what is possible to
Achieve with a one-step process with low heating rate, Table IIL

If a high heating rate (>5000 °C/hr) is used, the results will always be worse regarding
recrystallization resistence. It is a significant difference between heating the material with

60 °C/hr from room temperature and from 350 °C, compare sample no.11 and 28, and no.15
and 29. Starting at 400 °C the difference is even more pronounced. It is evident that clustering
of Zr and probably some nucleation mechanism taking place below 350 °C is very decisive for
the final Al3Zr dispersoid distribution. It is possible that ZnpMg-particles precipitated in the
early stage of the homogenization process is responsible for the AlzZr nucleation. Such a
mechanism is observed to be effective for the precipitation of AljgCrpMg3 in AlZnMgCu-
alloys with Cr as the dispersoid forming element, [5].

Conclusions

- The binary Al-Zr phase diagram suggested by Phillips describes the liquid solubility of Zr in
alloy 7108 rather well.

- The time in the gating system and in the liquid pool is too short to give precipitation of
Al3Zr in the amount corresponding to equilibrium conditions. Consequently it is possible to
get more than 0.11 wt% Zr into solid solution after DC-casting.

- If the furnace temperature is above 740 °C it is recommended to use 0.20 wt% Zr in the
alloy. To ensure a complete dissolution of Zr, alloying with a AI90Zr10 master alloy is highly
beneficial compared to large Zr-granulates.

- A slow heating rate is necessary to ensure a fine distribution of Al3Zr after homogenization.
It has been demonstrated that the slow heating must take place below 350 °C. Slow heating
(60 °C/hr) and long time (>24 hrs) at 425-475 °C gives a very recrystallization resistent
structure, but also 4 hr at 500 °C gives an acceptable structure. At 525 and especially at

550 °C the recrystallization resistence decreases.
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