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On the Ageing of an Aluminium Alloy

Contaiuing 4 95 of Copper.

Part. I. Studies on the Striated Structure of Tempered Alloys.

Shigeyasu Kopa, Shotaro Morozumr

and Kazuo Sexrkawa

In this report, the striated structure of tempered aluminium-rich Al-Cu alloys was
studied.

The ingot was jrepared from bigh purity aluminium and electrelytic copper and
rolled to a plate of 0.5 mm. thickness. Then specimens of 10 mm X 50 — 70 mm. were
cut from it and by straim-anncaling method their graivs were made to be very coarse.

To obtain the striated stiucture, these coarse graived specimens were aunnealed at
530° for 3hrs., quenched into water, tempered 265° or 350° for several hours, clectroly-
cally polished and ctehed by 25% HNO, at 75° and Xeller’s ctehing agent.

We observed next characteristics of striations.

(1) The formation of strintions is not uniform in a specimen; e. ¢g. each grain
have different density of strintions from others, and moieover even in the same grain
the deusity is not upiform. (Figs. 2—3)

(2) BStriations are compored with one, two, three or four groups of parallel straight
lines. (Figs. 4—7)

(3) Frequently striations become denser mear the grain houndary. (Fig. 8) Almost
all strintions are straight lines, but on very rare cases they become wavy near the

grain boundary.
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(4) The oriantation of the stristions is the scction of intercourse bebween the
surface of specimen and (111) planes of the grain.  Tts analysis is shown iu Figs. 9— 12
with gtereographic proejection, and the vesults of the analysis are shown in Tab. 2.

5) TFrom these resulls, we ean conclude that the striations of the strinted stract-
ure are aggregates of precipitates on slip planes (111) which are formed by quenched
stresses. In such ease, precipitates in slip planes ave formed faster than other part
of the grain.

(6) Trom the result of X-ray aualysis, precipitates in this case have a plate-like
shape parallel o (100) plane of the mabrix. So if we shown the relation between the
orientation of precipitates and striations diagramatically, we obtain Fig. 13.

{(7) From a few assumptions, directions of quenched stresses are ealeulated vy ster-
cographic projection. (Fig. 17—18) The vesults arc shown in Figs. 19—20,

{8) Finnlly, reproducibility of the striated structure was investigated.
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Fig. 1 Apparatus for preparing coarse grained specimens.
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Fig. 2 Stirated structure of a specimen (No. 31), which was
guenched from 530° into water and tempered at 265" for 2 hrs.
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Fig, 3 Striated structure of specimen (No. 32).
Its heat-treatment is the same as No.31.
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Fig. 5 Striated structure of two
directions. (x 60)
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Fig. 6 Striated structure of
three directins. (x 60)

¥ v #

Fig. 8 Striated structuve near grain
boundary. (x 60)
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110 & 2 FRAT Do (Fig. 90 XH)  OFE AT O MG AEE O Hitve 3 0(X) &7 26 KiC
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R E, 11(e), T11(e), 1T10e), 11T () @ 111(x), T11(x), 1TUx), UI(X) B 30
(Fig. 11) z o 45 &7 111(x), T11(x), 113 (x), 1 (X) o48E 0 (X) Wiz i siiic EE
EEAVEER) B30, cpud (111), (111), (110), A1) B fic X 2489 b AoFHE k3
b Tch s, (Fig. 12) Blok codin i (111), (111), (111), (AT & LTd b b L #o 6 B
MR LEOBEEORACH &btk ZmofiEo e, 111)E, e X zinn=
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Fig. 9 Stereographic projection of the
oriention of a grain. Reference sph-
ere is the surface of grain, and PQ
line is the longitudinal direction of
the specimen. x 110and x 110 are
the results of Laue photograph. x 0
is the pole of the surface.

By Wulf’snet, we rotate these poles
so that the pole of (001) plane comes
to the centre of the sphere.

Fig. 10 Next, we determine tle poles
of (111) planes.
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Fig. 11 Then, by Wulf’s net, we rot- . )
ate so that the pole of the sur- Fig. 12 Next, we draw four diamet-

face comes to the centre again. ' ers perpendicular to four lines
connected four poles of (111)planes
to the centre. These are the section
of (111) planes by the surface.
Three broken lines are directions
of striations observed. The agree-
ment is very good.
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Table 2. Directions of striations

No. of Heat- I\é?;l; ?Ii ‘G No. of Obgerved Angles Calculated Angle of
Specimen .reatment Sp{i}jﬁn en| S@;ﬁsioonf% Str?:fxtions Striations
No. 3 |Quenched {rom 1 4 167,467, 1207, 140° 16°, 46°, 120°, 138
No. 4 sz; izxpfggzt 1 3 55,84, 154 50°, 83, 145, I56
No. 10 i350° for 3 hrs. . 1 2 69°,152° 607, 67°, 153", 156°
2 2 70°,154° 52°, 72°, 143, 154°
No.31 Queacked {rom 1 1 1r 27, 108, 118, 166°
'Z:g ;xigzzifit 2 4 29°,96", 146", (64 | 28, Toe, 150°, I6I°
265" for 2hrs. . 3 3 507,78, 154° 49°, 79°, 154°, 166°
4 3 707, 150°, 160° 65°, 70°, 153, 160°
5 i 4 107,28, 107°,116° 12°, 23, 104°, 1I7
6 | 3 23°,49°, 121 24°, 52°, 125, 156
7 2 13°, 104° 3, 15°, 85°, 106"
” 3 3°,82,105° ¥, 15°, 85°, 106
No. 32 ” 1 3 16°,80°, 147° 13, 84", 119°, 157
2 3 15,85, 132° 12°, 29°, 83, 124
3 4 3%, 15°,94.,96° ¥, 4, o7, oF
4 4 10°, 16,93, 107" 10°, I15°, 93°, 106
5 3 25°,132°, 148 60°, 132°, 150
6 2 10°, 100° 2, 10°, 95°, 98
7 I 44 17, 428, 84, 155
Remarl : The angle was measured counter-clockwisely from the logitudinal direction

of the specimen. Gothic type figures in the last column agree with those

of observation.
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HGoEE R TRD T2 L5 2 WEMEFIE L ve lis Fig. 13 oma kot ok bib
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Fig. 13 Relation between the orientat-
ion of precipitates and striations.
The shape of precipitates is thin
plate parallel to (100) plane of the
matrix.
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Fig. 14 Condition of the
double sliping. When
the direction of force 70
crosses the line between i . . .
(010) and *(111), the Fig. 15 Condition of t.he double sliping.
double sliping occurs. {the full lines)
fig
0ir
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- 77 0 —
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1) an am) (1in
10 L N aan
# Y 01
1)) 1
/oo a1 1 (i /10
(771) | (i) o
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Fig. 16 - Taylor’s diagram. Relation between
slip planes and forces.
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fﬁﬁf@~om$,MFULf@*gﬁ# B LD D,
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ﬂwmyw%wmmmcwlﬁgnwmm 2 B L (X)) @ (001) i ol & 75 ) & o Yl
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o AT O )& 0(X) BT 5o MIBIEEH AT E 35 & a (), b(s), e(+), d
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1D, WD) Wicd 2o & T ADTHRC D B b LT v s SHEE IR bt st sm & (110,
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Fig. 19,20 @, © WI%%E:"JJ??&*C‘E%U#@é&?ﬁéi&éxﬂiﬁmo\n1ﬁofcﬁ?ﬂffﬂifa‘b B W o ElE
it 7 fffTe R L, % OBCH i e TR LG MR I O T ik 7R 8o MR OHRET
OO EEE S 2 0 T T L 7 TR R R et Lo

[+

Fig. 17 If we assume that double Fig. 18 Then referring to- Taylor’s
slipping occurs by one force, . diagram, the direction of {orce
the direction of the force is is determined.

one of the intersections bet-
ween full lines described in
Fig. 16 and the line corresp-
onding to the surface of the
specimen.

Fig. 19 Directions of quenched stresces.
(Specimen No. 31)
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Fig. 20 Directins of quenched stresses.
(Specimen No, 32)
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Fig. 21 Reproducibiliby of striated structure.

(a) Before the second heat treatment.
(b) After the second heat treatment
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Fig. 22 Tre same as above
W B
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