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History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 4)
Extra Super Duralumin and Zero Fighter (1)
Dr. I. Igarashi and the Invention of Extra Super Duralumin *

Hideo Yoshida™**
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Fig. 2 Cover and authors of "Recent Progress on Light Metals and Light Alloys", which written
about the progress of research in the 1930’s .
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(c) As-rolled 24S sheet cladding with Cral alloy

o ol o

(d) Quenched 24S sheet cladding with Cral alloy

Fig. 3 Microstructures (cross section) of SDC (SD clad with SA3)® and Cralclad sheets (24S
cladding with Cral alloy (Al-0.3%Cr)), (a) and (c) as-rolled, (b) quenched and artificial
aged (510C /1 h WQ—170TC /22 h), (d) quenched (495C /6h WQ), Imm thick sheet 9.
* SD: Al-4.2%Cu-0.75%Mg-0.7%Mn-0.7%Si, SA3: Al-1.5% Mn-055% Mg,
From the research report "Alclad and SA3-clad (SDC) sheets produced in the same
condition as US " written by Higashio (December 1934, No. 2852).
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Fig. 4 Sketch showing the formation of a
diffusion zone in Alclad 24S-T4 sheet (Left).
Microstructures of the coated surface of
04 mm thick Alclad 24S-T4 sheet etched
for exactly 60 seconds in Keller's etch. The
depth of color developed is an indication of
the amount of copper that has diffused to
the surface of the alclad coating (Right) '
D The time of solution heat treatment is (a)
5 min, (b) 15 min, (c) 30 min, and (d) 60 min,
respectively.
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Fig. 5 Appearance of hill and valley corrosion on the
surface of partially diffused Alclad 24S-T4 (Top).
Surface of partially diffused Alclad 24S-T4 sheet,
0.5 mm thick, after 72 hours exposure in standard

sodium chloride-hydrogen peroxide test

(Bottom). Keller’s etch.
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Fig. 6 Cover and introduction of the research report, "Exploration of a high strength
aluminum alloy (No. 1)" declaring the start of the research on Extra Super Duralumin.
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Table 1 Technical reports of Sumitomo Metal on super high strength aluminum alloys'?.

Report Title and subtitle Creation Content
Number date
No. 3326 Resee}rch on super high strength 1935.8.10 | Declaration of start in this study.
aluminum alloys (No.1)
. . 10 007
No. 3363 | ibid. (No.2) 1935829 Effoect of MgZn, on mechanical properties of Lautal alloys (Al-4%Cu-2%Si
0.5%Mg).
No. 3379 | ibid. (No.3) 19359 Effect of contents on hardness of E alloys (Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn).
o Natural and artificial age hardening of Al-(AlsZngMgy7) alloys and
No. 3385 | ibid. (No.4) 1935.9.10 AL(AlMg,Cu) alloys.
No. 3427 | ibid. (No.5) 1935.10 Estimation of properties in E alloys.
ibid. (No.6) Tensile properties (1 mm thick sheet) in Lautal alloys with 8~10%
No. 3479 | Tesile test about new kind of 1935.11.5 . o
. (Al3ZngMg;) and Al alloys with 10~14% (AlsZngMgy).
aluminum alloys
ibid. (No.7)
No. 3538 Relationship between heat 1935.12.17 Exammatlon in the optimum condition of heat treatment on the alloys in the
treatment and mechanical previous report.
properties in No.23 and 24 alloys
ibid. (No8) Research by assuming that the optimum alloy exists in Al-Cu-Zn-Mg alloy
No. 3586 | On the thernary alloys, based 1936.2.4 . .
system combined with D, S and E alloys.
on D-S-E alloys
o Next four alloys were chosen based on the result in No.8 Report and the
ibid. (No9) hanical f them (1 mm thick sh ined. A1-9.6%7
No. 3719 | On the mechanical properties 1936.4.25 mechanical property of them (1 mm thick sheet) was examined. Al-9.6%Zn-
) of 60 kef class Duralumin sheet ) 1.2%Mg-2.0%Cu-0.5%Mn, Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn, Al-6.5%Zn-
& 3.0%Mg-05%Mn, Al-7.5%Zn-35%Mg-0.5%Mn.
Next two alloys were extruded into round bar with 30 mm diameter and
ibid. (No.10) examined the tension test.
On ihe Iﬁechanical roperties Al-10%Zn-2.5%Cu-1.5%Mg-0.5%Mn, Al-9.0%Zn-1.0%Cu-2.0%Mg-0.5%Mn
No. 3800 brob 1936.6.2 These bars quenched followed by artificial aging show yield strength is more
of 60 kgf class Duralumin han 60 ke/mm? i hi han 65 ke/mm? and el S
extruded bar than g/mmn’, tensile strength is more than g/mm* and elongation is
more than 8%. The end of extrusion is very hard and has remarkable high
strength compared with the top.
ibid. (No.10-2) Mechanical properties of sheets and extruded shapes were investigated. Sheets show
No. 3810 | On the mechanical properties 1936.6.8 yield strength is 50~ 52 kg/mm? tensile strength is 60 kg/mm? and elongation is 10~
of 60 kgf class Duralumin 15%. Extruded shapes have the same tensile properties as bars.
ibid. (No.10-3) Mechanical properties and corrosion resistance to sea water were investigated in
No. 3851 Effect of additional elements on 1936.6.26 Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn and Al-8%Zn-3%Mg-05%Mn alloys added with
. the properties of super high - Ni, Fe, Cr, Ca, Ti, V and etc. The additions of Cr (minor) and Ca, V and Ti did not
strength aluminum alloys reduce the these properties and increase corrosion resistance.
ibid. (No.10-4) Bending property by bending test of sheets was compared between alloy T415
No. 3852 | On the workability of super 1936.6.26 | (ESD: Al-10.1%Zn-1.61%Mg-2.3%Cu-0.52%Mn-0.28%Fe-0.18%Si), and alloy T418
high strength aluminum alloys (Thom alloy: Al-9.33%Zn-2.0%Mg-1.0%Cu-0.53%Mn-0.28%Fe-0.21%Si) .
ibid. (No.10-5) E.S.D.C alloy with cadding alloy containing Cr was rolled. Adhesion of clad is
No. 3854 | Mechanical Property of ES.D.C | 1936.6.30 | good and the diffusionability of Cu by heating increase remarkably in a long
(Extra Super Duralclad) alloy time, but it is not necessary to regard within the regulated time.
ibid. (No.10-6) . . . e . .
No. 3859 Heat treatment of ES.D. alloy 1936.7.4 Determination of optimum quenching temperature and artificial aging time.
Measurement of the weight reduction and tensile test after dipping into 3%
ibid. (N0.10-7) brine water as testing method. In bare sheet, intergranular corrosion
No. 3865 | Corrosion resistance to sea 1936.7.6 occurred since corrsion resistance to sea water was not good, while this
water of E.S.D. alloy property improved remarkably in the clad sheet with cladding alloy
containing Cr.
ibid.(N0.10-8)
No. 3892 | Artificial aging temperature of |1936.7.18 |Investigation of optimum artificial aging temperature and time.
ES.D. alloy
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322 ESD&&DOREMDEE

A 1Z Sander ® Al-MgZn, 2& 4, MY 25
I VDOA-Cu-MgHhH4, %L THEDRosenhain ®E
BaE N = RS STz, PRI, (5
—Db o (S) 1FMgZn, H Db (D) iZCu-Mg, #
=0b? (E) 1ZCu-Zn-Mgx £ & TAHT VI =
LAEETH Do Zn, MgB X UICuld Agx BrwvTig,
AlE iDL CHEBHREZED, $72 2O X 5 ER
EOEND DL VLD TH D, Mo THRIMMBIZLT
BSLBIRY R 7 2 FEHE S (AgoW & HE4E O
FTEMAESEE LTIHAL 2W) ZoRIIHD &
MPRUR SN Do MR E L L CIRBEDO K% 5
FIWR LI T D 5 DSHHB R ORIA BB HE & v )
O ZOmIME 2 LEHT 5 R s S5
VBEEMTH Do HE> THEOHDS, D, KUE D=L
AT THESREE L Thie ik < UL PR RE 12
THD IRV, BN TR RIS L CBMIR R k4 %

ENENDOHEEIE,

D : Al-4%Cu-1.5%Mg-0.5%Mn,

S Al-8%Zn-1.5%Mg-0.5%Mn,

E : Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn

Thbo £7 [D-S-EZICRDOERITES GG % 55
3% L 400C, 450C, 500C 454 bR L7 HIH
R LR 7 ) AOVEEEE 2 05E L, mAE 2 150TC 12
24 IR 2 AT O OV EE 2 € L, RI2300TC 125
R BESE LA L C 2 ME L7l D, S, E
HEOHFEEEZ CTERLFM 2T — 5 (Rt L
HHROMX) % Table 21R83 91919,

N[ BESl U 7o 2 SRR & L Z EBEARERIC K D 7
ONTREEE & & P U CHAB LR (7F © Bk = (s
WL - BESURMEE) + BESOMERE) %R %, MAALERDOK
% % F i3t E A EE O i & HIA IS BESLIRTB ISR W Tk S
NEMBLRZHERTDHO% 55U LE S HEH IS
WRELETH L VDL DHBIZEINTOHETDH

M1 RWET e CHEEREMIb L dH Db, 2 5o TOFER, Nob7, Nobl2vli<, [HE GRS
DM LZEMIIIIEFICEELREHANTH 5, K 10%, $25%HithTHAH| & LT, Z0o0OHFEHHE
Table 2 Hardness and hardenability of combination alloys with D, S and E alloys®:'®-19,

Alloy | D | S | E | Zn |Mg| Cu | Mn | 400°C/4h WQ 450°C/4 h WQ 500°C/4 h WQ | 300°C/ |Hardenability
Number | (%) | (%) | (%) | (%) | (%) | (%) | (%) |RT/7 d|150°C/24 h |RT/7 d| 150°C/24 h |RT/7 d| 150°C/24 h | 5h WQ (%)
39 80 | 20 | 0| 16|15 32|05 942 93.0 116.0 109.0 107.0 113.0 52.8 120
40 60 | 40 | 0 | 32| 15| 24 | 05| 98 99.2 110.0 106.2 96.4 105.0 63.0 75
41 40 | 60 | 0 | 48 | 15| 16 | 05 | 1020 1324 109.0 1312 95.0 1264 56.2 136
42 20 | 80 | 0| 64 | 15| 08 | 05 | 1140 140.0 101.0 1374 95.0 147.2 626 136
43 30 20 13| 37 | 05 | 1058 104.0 121.0 1180 1080 120.0 59.8 102
44 60 40 L1 | 34 | 05 | 1200 1388 130.0 1532 1074 1458 836 74
45 40 60 [12 | 09 | 31 | 05 | 1300 1546 1402 1612 120.0 147.2 83.0 94
46 20 80 [16 | 07 | 28 | 05 | 1530 1564 143.0 1532 1140 131.2 954 64
47 0| 8 | 20 | 104 | 13| 05 | 05 | 1160 147.2 1252 1580 110.0 156.0 764 107
48 0| 60 | 40 128 | 11| 1 | 05 | 1348 162.7 1402 161.2 1276 1580 636 89
49 0| 40 | 60 | 152 | 09 | 15 | 05 | 1348 1580 140.0 1516 130.0 1444 9438 67
50 0| 20| 8 |176 |07 | 2 | 05| 1472 161.2 1416 159.6 1180 1388 954 69
51 80 | 10 | 10 | 28 | 14 | 345| 05 | 1020 976 113.0 116.0 1080 113.0 574 102
52 10 | 8 | 10 | 84 | 14 | 065| 05 | 1190 1516 110.0 1472 109.0 1596 730 116
53 10 | 10 | 8 |168 | 07 | 24 | 05 | 1530 165.8 150.0 1532 119.0 1312 976 116
54 60 | 20 | 20 | 56 | 13| 29 | 05 | 1090 119.0 1150 130.0 117.0 1324 776 74
55 20 | 60 | 20 | 88 | 13| 13 | 05 | 1170 150.0 122.0 1548 109.0 1532 676 129
56 20 | 20 | 60 | 136 | 09 | 23 | 05 | 1458 161.2 1444 1642 1276 1458 86.6 137
57 40 | 30 | 30 | 84 | 12 | 235| 05 | 1264 1564 1252 1612 109.0 123.0 65.0 148
58 30 | 40 | 30 | 92 | 12 | 195| 05 | 1240 1548 1288 1694 120.0 1596 736 129
59 30 | 30 | 40 | 104 | L1 | 22 | 05 | 1312 1564 115.0 150.0 1150 1458 740 112
60 20 | 40 | 40 | 112 | 11 | 18 | 05 | 1276 1532 1312 161.2 103.0 1402 75.6 113
61 40 | 20 | 40 | 96 | 11 | 26 | 05 | 1220 150.0 130.0 167.6 1180 1516 676 148
62 40 | 40 | 20 | 72 | 13| 21 | 05 | 1130 115.0 1160 162.7 116.0 1486 712 128
63 100 | o] o 15| 4 | 05| 942 936 1130 105.0 113.0 117.0 536 118
64 0100 | o8 | 15| 0 |o05]1082 136.0 1120 143.0 111.0 1486 738 101
65 0| 0100 20 |05/ 25| 05] 1580 161.0 1458 1444 124.0 124.0 89.8 79
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EENT L BB 1919,

« Al-10%Zn-1.5%Mg-2.5%Cu-0.5%Mn-0.01%Ti

(ESD No.l &4)

+ Al-8%7Zn-1.5%Mg-2%Cu-0.5%Mn-0.01%Ti

(ESD No2 &4)

+ Al-8%7Zn-1.5%Mg-2.5%Cu-0.5%Mn-0.01%Ti
INSOHEEONR, B, MHIEH, FIZoWwTEHEO
FerEZ A L, [HR 844 ES.D I /350 ~ 640
MPa (36 ~ 65 kg/mm?), 5[#5 S 570 ~ 690 MPa (58
~ 70 kg/mm?), I8 ~ 20%, 150 ~200% 4 L,
BEMHINOOH 5 BESICHLTELLIBEF %S
BBV 2 A L AL ZS B b R & U] 7 i i
BeBbhd, Ko, REGIRLIFHRLIREOT
I TRER ORI HE > TR % 43 2 A3 & S vy
R EAT Ho Mo Sander &R D EA SN
BHL LML E AT 50 0boFEMLI R
EHMPUOb 0, L LTHOFEDO KD 512X 5]
(AL & D) & L CREIEIN X OBEHIA 5.
A OWIEHRE TES.D. A4 DO BRI TL
% D%, WFFEHE No.38s4 [ il ) B & & o wise (%
105), ESD.AE&DT 2 5 v N1 ¥ o Fh v H |
(1936.6.30) 5 Tdh %o %45 T OWH, HFEDF N
WFoZ ik bnbE25N05, ESD.OKT
VT 7Ry bOBAIZE) F FBHLEHICHR > TV
b0 TOHMITUT o 2B RITOWTUIAZER G 21
FRICRLR S e v EIFMERICK 2 A V2T 3
> % ESD (Extra-Super-Duralumin) & %f51) 72D 134E
R4 e BB WU 5 A i i = o0 vy F R 22 B I T 1936
ES5~6HEEDZ L TH LA, HEABRERELRTI,
[19374E, WD IEREL o 2 ER4, SE4. DAE (B
TaINIV) DELTELS>TESD bl Pk
H5o

33 hLER

BRI Z 212, 19364FEm5, 9, 11 H ot ofiff5E
WETR, [ThrIzy B eeRic—Rkerte—v 3
TV & PEF72 ] FIRR S 75 kg/mm?® L Fid % HARE T
B b AGENM, B, SELEE AT L TR
HEERAEZAT > TV b TREIRDP LI LH 12
WUTIZZ D=2 — ADEEIWRKE Do 7202 WFEH D
DTHbH, MFEHEN0.3738 [ Thom Alloy (25T |
(193655) T, TOAF L7 b AEEHRM DML
A1-9.05%Zn-2.15%Mg-0.9% Cu-0.49%Mn-0.22%Fe-
0.27%Si THI#E R S 12605 MPa (61.7 kg/mm?), T}
424 MPa (432 kg/mm?), NI 13%THo7z0 D
HAIFT60 kgT 2TV 3 v L, BMIIEEE D

X MY S EICIE A Y PR EATY
%o ZOT60 kg¥ 2T VI ¥ ]| LIZESD.OZETH
%90

34 BFHEIh (I HBREIN) OFEGEDHEIL
341 BHIhOREOHFHELBE

EC, oo H TR, LEO T Y EATKREE 5
L 2RI 3 TH Do 193648 H 20 H DN D
WFZE#H No.3939 [E.S.D.#r&<e o [Hi ] 1T (58
—H) I BENTH B, ZOWMERMEOWMEL V%2 EWV
PHEHELZOTHIHT 5, FERIZZOERH,S LT
FERIZE2b0LEBbNsb,

[E.SDEAEDORBNEIS O TITHT 2 Eh & 5
AT BHBRBE A L HOBR ORI R ICH S %
78 L 720
(1) BhoRBgEE LTI TREFEZMER L7

Lo ZIEpgE: 20 WL 30 ik
(2)

) EEL LR LIRS TARREEIIFRENTIL

NOTITHWTHRICE WA E G T, 2
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i) FAUEEIZ R ISR R RIS > TB 50 721
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BN TR % 4 Uz Wi iz iz dEn
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ENEAEL, MABRES D OFEEESH DL
2RV Wa20% L FO b oidwvwiho
REBIZBWTHHEZ A3 (Elli) .

Vi) AEEF Va5V VTR F V74
5 LENEEL RV,

vii) AR BRI AR SRR A & o AR AT
Season Cracking \[ZHPE AW & % 2 5 DNF
BTHb

(3) ARABEOENOBIGIIBEA J OB IR 0 24

GAMEICEY, BMTHHEEE B IF
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4) AREEOHNOB LI Z 0 EMHFAHHK L

ALZn REEITNT 2y GF, SoEORERTIX

a M) DIFEHICHEST HE AL VE VI RFICD

EOETRAMAESIZO AL 72,

Al-8%Zn-15%Mg-2.5%Cu-0.5%Mn (HE2H0) ,

Al-8%Zn-1.5%Mg-2%Cu-0.5%Mn,

Al-75%Zn-3%Mg-05%Mn

AlL-7.0%Zn-3%Mg-05%Mn

Al-6.5%7Zn-3%Mg-0.5Mn

D) $o/NEORIMEENZEMT 21EH 2D 5 5
Ly,

2) il GAEEL =MIZCuUAICKLTE LW
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Eb - L b REATHNEZAELELS, odo
REARE L DD bEN5b, ZiTFhT
M ZOPUREEIZESD. &P THh %,
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EOENN AT T HER L D effect 12125 &
ECTZENI D E DKL MK ELTF & % 5T
S

5) Al-8%Zn-15%Mg-2.5%Cu-05%Mn &4 139 H k-
TR (g FE ORI TRz b0k
E 2710
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Mn & &3 212 Ti01% A ORI & ) TH L L
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(b) cupping by
Erichsen test

(c) bending

Fig. 7 Estimation method of season cracking (stress
corrosion cracking) 19,
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Fig. 8 Estimation of season cracking by bending test.
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MIZEACITAK 2 2500 & ARE I 2 BIRE D D b e v, &
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720 ELEROEEHIEIUIAE R 220 NI A v F 2 L
HEICEELRVWEDZ ET, RET DWW b %
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IEHZAR LD oAT2) L ERICAREELL 2 L
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Table 3 Technical Reports of Sumitomo Metal on season cracking (stress corrosion cracking)'?.

Report . . Creation
Number Title and subtitle date Content
No.3939 On the season cracking of 1936.8.20 Investigation about the occurrence of special cracking under residual stress
: new E.S.D. alloy (No.1) o in E.S.D alloy and consideration to the prevension of cracking.
On the season cracking of Commercial production of ES.D. alloy with low Zn (Al-4%Zn-3%Mg-1or2%Cu),
No0.3988 g 1936.9.19 | and E.S.D.No.2 alloy (Al-8%Zn-1.5%Mg-2%Cu-0.5%Mn) is possible because of
E.S.D. alloy (No.2) P .
good artificial aging property.
No4017 | ibid. (No3) 1936.9.30 ﬁi.D.No.Z alloy is available. Season cracking is prevented by addition of Ti,
o Grain growth and season craking are prevented by addition of Mn 1.2 or 1.5%.
No4030 | ibid. (Nod) 1936.10.12 The addition of Li was investigated.
_100 _1 509, 910 H 0,
No4047 | ibid. (No5) 1936.10.23 E.S.D.No.1(Al-10%Zn-1.5%Mg-2.5%Cu), with more than Mn 1.2% prevent season

cracking remarkably.

Addition of 0.5~ 1.67%Mo to E.S.D.No.2.

1936.11.18 | The addition of less than 1%Mo improve remarkably the time to season
cracking.

Addition of Mo,Cr,Co,Ti,Cu,Mg and Be to E.S.D. No.1(Al-10%Zn-1.5%Mg-
2.5%Cu-0.5%Mn).

1936.11.27 | The additon of Co is effective to tensile strength and the addition of Cr is
excellent in preventing season cracking. The addition of Mo is not effective
compared with No.2. The addition of Mn 1.5% is too much.

Addition of Mn 0.5, Mo 0.3, Cr 0.3, Ti 0.1 and Mo 0.3, Cr 0.3, Ti 0.1 to ES.D.

No4092 | ibid. (No.6)

No.4099 | ibid. (No.7)

No.4112 | ibid. (No.8) 1936.12.1 | No.2 alloy.
It is good to prevent season cracking.
Nodl13 | ibid. (No.9) 1936.12.2 Addition of Mn, Cr. separately or together to ES.D. No.l and E.S.D. No.2 alloy.
No.2 alloy is superior .
o Addition of Ni to ES.D. No.l alloy.
Nodl21 | ibid. (No.10) 1936.12.5 Tensile strength increases. However it is not effective to season cracking.
No4144 | ibid. (No.11) 1936.1221 | Addition of AgCa, Si, Sn to ESD. Nol alloy.
The prevention of season cracking is not improved.
Effect of addition of Cu, Zn, Cr, Bi, Sb to E.S.D. No.2 alloy on season cracking.
No4244 | ibid. (No.12) 1937.2.24 | The occurrence of season cracking is not changed within the range 0.1~
0.35% Cr. Effect of addition of Sb, Bi on season cracking is small.
T I -~ imit A3 o R )
— |« AL75Z0-3Mg05Mn _ 720 L CZDImitAAESD®Mn, Crd 552 7%
i | oo MOWFIEEEDOHN TR ML LAV EZ LD
= Al-lOZn-1~5Mg-2‘~5CU-0,~5Mn 720 WHERE R\ 512780 MPa (80 kg/mm?) FEFE
. | | Ox
: | P T 5
= |+x AL9Zn-2Mg-1Cu-05Mn L1 o] o
< : ‘ 20 TS LEEY, WX TENRMEOERBEICA
| S
= Xz AI-SZI}-1.5Mg-2CU-0-5MH-?-O5Cr 7‘;?%* 5o WHFEHE No4241 [ESD. A £ DW%E, ES.D.-No.2
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Fig. 9 Effect of chromium addition on the season
cracking of Al-Zn-Mg alloys 9.
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Table 4 Patents of Sumitomo Metal on Al-Zn-Mg alloys'?.

Application (A)
Patent Title Inventor | Notification (N) Claims
Registration (R)

High hardened aluminum A: 193545
114321 1 Igarashi | N: 1935.10.25 Zn: 5~ 25%, Mg: less than 5%, Li : less than 3%

aloy R: 193624

High h h Tgarashi, | A 193669 Zn: 3~ 20%, Mg: 1~ 20%, Cu: 1~ 3%, Cr: 0.1~ 2%, (Mn: 0.1-2%
135036 ig! .strengt wrought garashi, | \"10297024 n: 3~ 20%, g 0%, Cu: 3%, Cr: 0. %, (Mn: 0.1-2%)

aluminum alloy Kitahara R 19 40:2.28 no season cracking

. . .| A: 193699 . o . o . o o .

133183 High strength aluminum Igarashl, N: 1939.8.12 Z;l. 4~ 20%, Cu: 1~ 3%, Mg: 1~3%, Ti: 0.01~0.5%, Mn: 1.2~

alloy Kitahara R: 19391113 3%

Igarashi, | A:1936.9.19 CuAly 0.5~10%, Mg,Si: 0.5~ 5%, MgZny: 2~ 20%, Mn: 1.2~ 2.0,
145112 | Aluminum alloy Kitahara | N: 1941.4.30 Cr: 0.1~0.5%, Ti: 0.1~ 0.5, Mo: 0.1~ 2%
Kosaki | R:1941.8.22 Prevention of grain growth

Hich hardened aluminum Iearashi A:1936.10.15 (Additional invention to No. 114321)

133193 all§ Kg1 taharz{ N: 1939.8.12 Zn: 5~25%, Mg: 1~5%, Li: less than 3%, Cu: less than 3%,
y R: 1939.11.13 Supplement (Brinell hardness: more than 150)

155806 High strength aluminum Koizumi Iél %gig%g;g Cladding sheet containing Zn: 0.5~ 1.5, Mn: 0~2% to

alloy clad sheet with zinc R: 19 43' 42' aluminum alloy with Zn, Corrosion resistance
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