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The Role of Minor Elements on
Mechanical Properties of High
Toughness Aluminum Alloys

by Hideo Yoshida, Teruo Uno
and Yoshio Baba'

Tensile properties, fracture toughness, fatigue crack propagation rate, quench sensitivity and
resistance to stress-corrosion cracking were compared between in 7150 and 7475 high toughness
aluminum alloys. The effect of impurity level (iron and silicon) on these properties was also
investigated.  Further the role of minor additional elements (zirconium in 7150 and chromium in
7475) was discussed.  As a result, tensile and yield strength of 7150 plates were higher than those
of 7475 ones, however, elongation and fracture toughness of the former were lower than those of the
latter. In particular, fracture toughness of T651-tempered 7150 plates was not improved even if the
content of iron and silicon were diminished. ~ Many fine dimples (0.1 to 0.5xm in spacing) were ob-
served in the fracture surface of 7475 plates. On the other hand, there were few dimples in that of
7150 ones. It is considered that the difference of fracture surface was caused by minor additional
elements. Zirconium in 7150 precipitates in the meta-stable phase, AlsZr, which has a Ll, ordered
structure and has coherency with the matrix.  On the other hand, chromium in 7475 precipitates in
the stable phase which has no coherency with the matrix.  Therefore plastic deformation around
chromium-bearing compounds occurs more easily than around zirconium-bearing ones, since equilib-
rium phase particles (MgZn,, etc) precipitate at the misfit surfure of chromium-bearing ones and

precipitate-free zone occurs around them more easily compared with zirconium-bearing ones.

Thus the plasticity of 7475 is superior to that of 7150.

1. #&

AR, BEallELelnBiar s, SHE TEREN
T =7 aEErkEE PLICHEEINTE 12, HE
I LB L T EZRMITE TH 5 H8E, <747
L, SAOBRLE L NRILAHE S, Btk Ik
LTI Eic g T ns ek, TuRL EOFMYTR R
PR SN, S LIS S RERBRHE, BEANE, W

il

* BRI EEREARE T
BRI SERr
o FATRTFEAT, L

SR EENEL EOREICDWT LR TThNR,
Z DOFER, T475 & B \iF 7050, 7150 ko 2L WA
EHBRE N, FEOMERET S EHE S EH Tw
b, TAT5EE1E 2 DEBERMITEIERNNF L HLE
BHT LI = 488 TH L1056 LI13IZRALTH D
7, THprZoat Bl (akimE3wiaes
ENTVB, —FH, 7050, 7150443 EERNTR R
DB EEZ, THYTRERORZRHETLIZ S0 LD,
0758 ENHRERWEIWEI N LD TS &
SIS LT, 0556 EicimiEn
TERZ7aL0fbYIC =T AP HENEN, TE



222

T X8 & B & H

October 1984

B EENE L R BEANRELEE I N aE L b
nTwa™,

AFETIE, ZNLDEEDFTRENLTLIS0 & 7475
A TIEH ORI D W CERE 217, HE
TEOBENDWTEELR, kXL L, ZOIODE
4213, TI508&ic o a =7 AXYRINE N, T4T56%
Wi 7o 22 E N TWE v e RELECYH D
P THd, ELIC, FAFROEETH, TR
2EZ, THMTROBEICOWTLHLPIZLT,

2. R BR F &

AHFFETIE, 7150 & T4T5EEMOLEICMZ T, £
PROSETORMPTLEOHELT|~ND 2012, HH
TOMENMESL TEEICEZ T, AFTUERENEEE
EHLZ, TNLDAEDHUHICOWTIL, MERK
L7 WEEE, FNLENTISOREGE F 2I3TATIREE
Byozsicd s, MEZREINT LML, 7TI50REED
TiipEn £ F % 7150A, 74w £ 71508 kL,
TABREEDTMPEN E T ET0T564%, Pt
UIAEEEHRTLIZLICT B,

LR TV =7 2480 TE, MES
MR UEET B 2ols, TEE (TMT) %212 L o,
FHENOBEEIFFE I N TS, KT Fig. 112
R L) BEOTRNEEETERL:, Thbb,
300mmENEHHE EH L, PRI (Table3 21 )
#%, FHE 15mm WHEIL TRITE 2 ks L2, HElE, E
& 30mm $ CEMEEL, —FiZ S 52 6mm B E T#
BIEIER, 6mmA 5 3mmE$ T:?%FEEJBE@_LKO F Dk,
BE AVUBER L O BALEE % 1T - 72, BWLEEIZ MIL #45(M
IL-H-6088F) 7c ¥ # HR L 72, WAAILOERIZ Y v b oS 2
ZHv, TIS0RA413 477C T, T475F%E6413 482C T
BALE L TARBEAILL 2, KBEANEE, BANICEIZE
BEhEBET D00, W2%D5IREBIESL L TRRE
L#4To7, BRLDEMHIZTOWTIE S BoORShREE
THNDB, B, RBHOLERS &I NLDEEDRK
4B & % Table 1, Fig. 2 (TR T,

BIBRRERE JIS4 B2 L 5 BRBA CHEGL, i
B & S X BUETEREIE ASTM E399 JL UF E647 I %
WUCRB L7, REH O, THE% Fig 3108 T,
EREEENNEIR S 77 2 % (INSTIUT DR FOR-
STER REUTLINGEN Typ.2-063) #EM L 72, I
EEAREL, Figd3lomTLinC )y 7RBAEE
Wine bR L FFE ORI % BT, 3.5% &akh 7308
BB (105 REE, 500MESR) L anaiE
o A

2 9 MR T OEHEMATICII ALY ¥ 2 v — 7 B Luzex
500%, A OVERICIZBERERBN A =7V v T A
RAD-MA % ZNEnfv7z, M, HEOBREICE,
SIS Sz, JEM-200CX 5478 - 580455, JEM-
50A EETETHMEEE V7,

( Blending > l
Hot rolling
Casting
Cold rolling
Homogenizing
Quenching
Scalping
Stretching
Tempering

< Sampling >

Fig. 1 Flow chart of manufacturing process.

Table 1 Chemical composition of test materials.

Chemical composition (wt%)
Alloy
Si Fe Cu Mn Mg Zn Ti Zr Cr Al
715OA 0.07 0.13 1.96 0.02 2.38 6.0 0.03 0.14 - bal.
7150B 0.05 0.05 2.04 < 0.01 2.38 6.0 0.03 0.14 - bal.
7075 0.06 018 1.60 < 0.01 2.42 5.70 0.05 - 0.20 bal.
7475 0.04 0.04 1.57 < 0.01 2.37 5.58 0.05 - 0.20 bal.
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Fig. 2 Chemical composition and its limits of 7150 alloys
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Fig. 5 Artificial aging characteristics of 7475 plates.

Table 2 Material specifications of plates.

Mechanical properties
Nominal Electrical
33¢t -
Specimen . Yield ductivit
Alloy Temper | Thickness Tensile Stlfen th Elongation concuctivity Specification
Orientation™ |  Strength € IACS
(mm) 0.2% offset) %) %)
(kg/mm?) (kg/mm?) o 0
L 58.3 54.1 6.0
7150 | T651 | 254~381 34 BMS
LT 58.3 52.7 6.0 7-256
L 49.9 43.6 9 AMS
7050 T73651 | 64~508 40
LT 50.6 43.6 6 4050A
L 53.4 47.1 6
Té51 95.40~38.10 . AMS
LT 54.1 471 6 4090
T L 47.8 0.1 0
7. 40. 1 AMS
T7351 6.35~38.10 40
LT 478 40.1 9 4202A

(1) L : Longitudinal, LT : Long Transverse
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Table 3 Heat treatment conditions of ingots, plates and sheets.
Heat Treatment 7150 alloys 7475 alloys
Ingot h sing treatment 450°C X 2hr 420°C X 8hr
g0 omogenizing treatme N 470°C X 30hr N 485°C X‘ 40hr
Solution heat treatment a7C 487"
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T651 : 120°C X 24hr . 5
Precipitation heat - 154C X 20hr T651 : 120°C X 24hr
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(Air furnace) T73651 : 120°C X 6hr T7351 1 108C X 8hr
— 163°C X 44hr ~»163°C X 32hr
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Fig. 6 Tensile properties of 7150 alloys and 7475 ones.
Mg Cld, $916hrE CIRBRENMETIZ LT TH 327,
INEBED ERERBBICETL WL, e TNET
7150, TATSRAEEEWROMFRIEEL Table 2 (2777, L juT Lier [ L ]ir % L [y
7150-T651 ¥ Boeing Material Specification (BMS- ‘g 65 2;}28}? ﬁ;é;g_
7-2567, 7150-T73651 (¥ Aerospace Material Speci- 2 o Sheet (3mm thick)
fication( AMS-4050A) »7050-T73651 D HAEE &, 7475 g . o PN .
-T651, T7351 k& AMS-4090 & 4202A% % N ZNEH L s
72, FOMASTMB209 % &4 B L7z, &b, BB ~ 8 S
. S , A 8
 Fig. 4, 5 12 b X ORRME WM TRL I, THbH0 S Ny 20 o
BB L mE T 2R 2 BEL O &M & Lo, FF 2 — 5
el =]
FTHOI LIS M % Table 3 10F X TRT, &b, 5 A - PN PP
> 2 o
7475 A4 7> T651 13 MIL#4%5 7 7075-T651 1% - T, S c-f ~® 8?—0’84) W
120°C O 24hr % R L 4fF & L7z, 2 . : O
S 4 1
3.2 3] 3k ™ #E =
[T (30mmE) & M (SmmE) #5155 kERE
40 5



226 X 842 B R H

October 1984

LW hh B, WM TR, 74755RE4 0 T651DME JI
BT, LEMELT HETOREEMITEAE TV,
BMENRFMEI, BRTL0CEICHEBORSE S
HLTWainrEZbhab, &5, ABRAEENE
WO T651 DM NDBRFHEICALND L 5T, 7475 %4
& T, 120°C DILEEMEIE T ATTER L 72 21 Hr ik
MELHBL WD EHELLND,

BERh 4l CHEY B &, T7X51 OBIEMEF T651 &
D4 5~10kg/mm? KT L & WBZ &hbhb,

7150 RAE L TATSRAE # HET 2 &, TI50%AE
1351585 & T1~3kg/mm?, M T3~8kg/mm?&E < %
5, B T651 M TEDEIKREL D, ZTHIZTIS0%R
BEDABREEICH~, HEE, SHOBRMENIZNZ &
&, T4T5RAEE&ND T651 @ 120°C X 24hr DB T,
Fig. 5 26 bBL0 L L Hic, BEMEICEEL VT
EABEL TV D EELLND,

B Tid, 707548 DERD ST Hi kv,
T4BREE2NHNTNREAE L NV EVEZRT, ERKT
BAEERICE LT, ST ArOMU Bk % 5,

B TR EORMBTHRS DL &, BE, U
ELITEL e BBADE VY, FRICI4TS AN ERNOTES1
M, HUH18~19% L BVviEE R,

330 & 8§ H#

BEEMER B O R Y Table 4 10RT, 7272L, ()
MO K ETH B, Lol 728512 3mm/E DR &
2 51230mm/E D EMDIE h JLi#l A & 3mmE DR B
EHRRLTHELZZERL Db TURLTWS, Il,

Btk L-T, T-L Fiic B L Tl Fig. 3 ic{kL 72 (a)?

REEH %, S-LAEICBEL Tt (b) oREER £, WU
BL i3 (b) ORBE DRENA % 10mm A 5H Imm I2
ETELZLNDERHG,

Table 4 |25k L 2 R TMPEOBREN L LD

150
Orientation (T-L)
Plate (30mm*)
o~
lg 17351
w 100
=3 T651
3 T73651
o
4]
£
Eg
2 : T651
» o——"""7
=
8
% 50 b
k7
Qo
&
& o 7150 alloys—T651
o 7150 alloys—T73651
& 7475 alloys—T651
A 7475 alloys—T7351
0 ] 1 L fl
0.05 0.10 0.15 0.20 0.25 0.30

(Fe+Si) (wt. %)

Fig. 8 Effects of impurity levels on fracture
toughness K 1c.

Table 4 Fracture toughness Kic of 7150 alloys and 7475 ones (kg - mm#)
Test Thickness Crack plane 7150 alloys 7475 alloys
. of CT . V. Temper
materials specimens | orientation 7150A | 7150B 7075 7475
’ T651 90 81 — 120
L-T
T7X51 113 115 — 146
25
. T651 - 68 65 82 105
T-L
T7X51 84 97 89 126
Plate
T651 73 69 71 (96)
10 S-L
T7X51 87 89 78 (112)
; T651 (89)cx* (98) - (111)
300 T-L
o T7X51 (94) (102) - (124)
~ T651 (78) ( 84) - (99)
Sheet 3 T-L
. T7X51 (92) (102) - (105)
(%) Test épecimens were cut off from the center of the plate parallel to a rolled surface.
(% %) () :Kq

(% % %) This identification is designated by a hyphenated code with the first letters represénting
the direction normal to the crack plane and the second letters designating the expected

direction of crack propagation.
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Fig. 11 Effects of impurity levels and temper
conditions on fatigue crack propagati-
on rates of 7150 alloys (sheets).
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FEAEFHIZ 13 Fig. 18 127" & 7 iC &R L&-h i 4E
LTwa, (a) {2 7150A, (b) 1 7150B 441 B3 2
M TH S, THEEHLTZ X2k ), Fig. 18 (b)

71505%
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DTH 5,

L DfeEH D EPMA 1 & 5 Wik R

(c) 7075

5um

(d) 7475

Fig. 15 Fractographs of fracture toughness specimens (T651-tempered plates, T-L orientation)
Characterisitic dimples are shown in 7475 alloys, however, few dimples and smooth surfaces
are shown in 7150 ones independent of purity levels.
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(b) 7150B—T73651 (d) 7475—T7351 e —

Fig. 16 Fractogragds at the center of a fracture surface in round tensile test specimens.
Large dimples (~um order) increase in T7X51-tempered specimens in each alloy.

(a) 7150B—T651 (b) 7475—T651 e

Fig. 17 Cross-sections neighboring a stretch zone in fracture toughness test specimens.
7150B plate has many subgrains within a large grain.
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(@ 7150A

(b) 7150B

Fig. 18 Distributions of second-phase particles in the plates of 7150 alloys.
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Fig. 20 EDX analyses of second-phase particles in a 7150A ingot.
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Table 5 Image analyses of second phase particles in plates and sheets.

Thickness 7150 alloys 7475 alloys
( ) Particulars
mm 7150A 7150B 7075 7475
Number of 249 137 402 166
particles (per mm?)
30 i
Average particle 6.44 4.55 5.84 5.01
(Plate) size (ym)
Areal fraction 1.22 0.30 1.41 0.43
Number of 388 1.82 403 225
particles {per mm?2)
3 A ticl
, Verage particle 5.13 4.42 5.67 472
(Sheet) size (um)
Areal fraction 1.09 0.36 1.36 0.51

(b) 71508 3mm thick

Fig. 21

Microstructures at the center plane parallel to rolled surface of plates and sheets.
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200um
||

(@ 30mm thick (b) 3mm thick

Fig. 22 Three-dimensional microstructures of a 7150B plate and its sheet.

(a) 71508 ; ©) 7475 “1pm

Fig. 23 Electron micrographs in longitndinal section perpendicular to rolled surface of 7150B and 7475 plates.
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SAMPLE : 71508 SAMPLE : 7475

HKL © (111) HKL : (111)
LVL. UNIT : 1 LVL. UNIT : 1
MIN. LEVEL @ —5 MIN. LEVEL © —5
MAXLEVEL : 18.5 MAX. LEVEL : 14.5
PLOT LEVELS PLOT LEVELS

18 14

16 12

——— 14 10

Fig. 24 Pole figures measured at the center plane parallel to rolled surface of 7150B and 7475 plates.

(a) - Zr—bearing compounds

Fig. 26 Precipitates of zirconium-bearing compounds in 7150 ‘alloys.and chromium—béaring ones in 7475 alloys.
(as water-quenched)

(@ 71508 (b) 7475 0.2um

Fig. 26 Electron micrographs of 7150B and 7475 plates (T651 temper).
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Fig. 27 Electron micrographs of slow quenched
(1°C /sec) and tempered (120°C X24hr
—154°C X 20hr) plates of 7150 alloys and
7475 ones.

(a) : No equilibrium phase (7-phase,
etc) particles on zirconium-bearing co-
mpounds in some subgrains.

(b) . Equilibrium phase particles on zi-
rconium-bearing ones in another subgr-
ains.

(e) . Equilibuium phase particles on-
chromium -bearing ones and precipitate-
free zone around these compounds are
shown in 7475 alloys.
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Effects of Precipitates on the Properties of
AA3004 Alloy Sheet for D&I Cans.

by Shin Tsuchida

The formabilities and ironing properties of AA3004 alloy sheets, whose metallurgical structures

were changed by heat treatments before cold rolling, have been studied.
Small compounds of ¢~Al (Fe, Mn) Si, that precipitated in the matrix, have little effect on the

formabilities, work hardening and ironing properties for D & I can.

This result suggests a way of new materials development for D & I can body stock.

1. & L & (Z

DI IR E N5 AA3004 &&id58E, mAatE,
THIcBWTHES
ZOBEOWHENORF N, BB SICBEE L TR
WOh DWW A H A, DI EAME L L TR HEk
HENA L SEITHIC DWW TIIRER R OB 2 %
) irL’C W nAT, SRMBE L OBRIREMEL»

23 NTW

71§$’& 3, HLwv DIEAT LI =7 LMEOBRFEDF
B ¥ 5728, AA04 AEROFEFEIC ITT a8
B 5 O HARIE DSBS DV THET 5,

2. ¥ BR H &
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AR S

BICENAETHE VDN TW S,

18
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Table 1 Chemical composition of the testing material. (%)

Si | Fe | Cu | Mn | Mg | C | Zn | Ti | Al

0.16 | 0.48 | 0.14 | 1.09 | 1.06 | < 0.01] 0.03 | 0.04 R

Table 2 Heat treatment conditions after hot rolling.

. iy E. Conductivit Lo
Material| Heat treatment condition 1 Ao(r:lsuc(%x) Y1 Grain size ()
No. 1| As hot rolled—360°C X 2hr 39.8 ~40
No. 2 | 605C X 24hr WQ—as WQ 33.2 ~70
No. 3 | 605C X 24hr WQ—360°C X 10hr 34.3 ~70
No. 4 | 605°C X 24hr WQ—450°C X 100hr 40.4 ~70
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Table 3 Strain hardening parameters.

Annealed 90%C.R. = 170°C. X 1hr
Material .
i n K (kg/mmz)’ b n' K (kg/mm?)
No.2 | 022 28.9 006 390
No. 4] 020 28:0 0.09 41.2

Table 4 - Erichsen values of cold rolled sheets. (mm)

CR. red

Material 70% 80% 85% 90%
No. 1 5.7 5.3 46 45
No. 2 6.4 53 1 50 45
No. 3 64 | 55 | 50 | 45
No. 4 6.8 56 | 53 | 46

Table: 5 Drawing test results-at D Ro= 1 90
: of cold'rolled sheets.

Material CRred| 7095 | '80% | 85% | 90%
No. 1 000 |00X | 00X | XXX
No.2 OO0 |000 | 000 | XXX
No. 3 000|000 |00O0 XXX
No. 4 000|000 |000 | XXX
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Fig. 3 Surfaces of D & I can bodies (25" size)
of the testing materials.
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Fig. 4 Outer surface of D & I can bodies. (X10)
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Fig. 5 Annealing curves of cold rolled sheets.
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Dissolution of Copper from Copper Water
Tubes and New Copper Alloys Having

Anti-Cuprosolvency

by Shigenori Yamauchi, Koji Nagata and Shiro Sato

Some factors affecting the general dissolution of copper in water supply system were

discussed. Special emphasis was laid on the effect of water quality, that is, pH as a fundamental
factor and carbon dioxide as a buffer to restrain the elevation of pH value. Also discussed was
the effect of standing time of water in copper tube with relation to the elevation of pH and

deposition of copper compounds.

On the basis of the discussion, new copper alloys containing 0.5-22; Mg have been

developed to combat cuprosolvency. Cu-Mg binary alloy and Cu-Mg-Al-Si alloy were introduced

as promising alloys to reduce the copper dissolution. It was considered that Mg added to these

alloys may contribute to rapid elevation of pH value and leads to.the decrease of copper

dissolution.
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Table 1 Chemical analysis of Nagoya tap water used in
dissolution test.

Item Value

pH 7.0
Relative conductivity (¢S/cm) 90
Total hardness (mg/ 2, CaCOs) 24
M-Alkalinity (mg/ ¢, CaCOs) 11
0,2~ (mg/ £) 10
Cl- (mg/ ¢) 7
Si0, (mg/ ¢) 12
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Fig. 1 Influence of pH of water on dissolution of
copper after standing for 24 hr in copper
tube at 18°C”
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Fig. 2 Influence of total CO, and pH on dissolution
of copper from copper tube after water
circulating for 23 hr in open circulation
loop'”.
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Fig. 3 Variation of pH and copper ion concentration
of two types of water filled in the tubes with
the duration of test.

Two types of water were prepared by adding
HCl or CO, gas to Nagoya tap water.
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Fig. 4 Molar fraction of free CO; and combined
CO, versus pH of water’".
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Fig. 5 Variation of copper ion concentration
in water filled in the tubes with the
duration of test'.
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Fig. 6 Influence of NaHCO; addition to tap
water on pH and dissolution of copper.
Copper ion concentration was deter-
mined after tap water filled in copper
tube had been heated up to 70°C and
then air-cooled for 24 hr.
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Fig. 7 Influence of Mg content in copper alloy
tubes on dissolution of copper and mag-
nesium into Nagoya tap water after st -
anding i~ the tubes for 24 hr at 7°C.
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Fig. 8 Influence of Mg content in copper alloy

tubes on disolution of copper and mag-
nesium into Nagoya tap water after st-
anding in the tubes for 330hr at 7°C
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Fig. 9 Influence of Mg content in copper alloy
tubes on dissolution of copper and mag-
nesium into Nagoya tap water after
standing in the tubes for 24 hr at 70°C.
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Table 2 Chemical compositions of alloy X70 and X81.

Chemical composition (wt%)
Alloy
Cu Al Mg Si P
X70 R - 0.72 - —
X81 R 0.15 0.90 0.15 -
C1220w > 99.90 - - - 0.015~0.040

(1) Phosphorous deoxidized copper

Table 3 Mechanical properties of alloy X70 and X81.

All Yield strength | Tensile strength Elongation
oy (kgf/mm?) (kgf/mm?) (%)
X170 8.7 29.8 53
X81 9.4 30.8 55
C1220 5.2 25.0 52
4. % E
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Fig. 11 Variation of copper ion concentration in tap
water filled in the tubes with the duration of

test.
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Fig. 12 Variation of copper ion concentration in
tap water + CO, (pH=6.5) filled in
the tubes with the duration of test.
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