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by the Inert-Gas Shielded Metal-Arc Process
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The Welding of Tough Pitch Copper
by the Inert-Gas Shielded Metal-Arc Process

by Keiichi Mizuno

It is known that the sound welding of tough pitch copper having fairly large cross-

section is very difficult to achieve.

The experiments of welding the bus bars of 45mm thick have been done by the use
of recently developed inert-gas shielded metal-arc welding technique.

The following results are obtained.

1. The best welding has been accomplished when the joint is designed to be X shape

and the root angle is 90°.

2. Preheating of the material is recomended to be done at 500°C rather than at 200°C
which is the temperature usually utilized for copper welding.

3. The order of passes has a great influences on the occurence of the fissures at welds.
It is better to weld the material every two or three layers from the both sides.

4. Tt is possible to inhibit the occurence of fissures by peening, but it is not possible to
prevent it when the filler wire of tough pitch copper is applied.

5. From the stand points of strength, internal structure, electrical conductivity and the
appearance of beads at welds, the best welds have been made with the copper filler
containing 0.949 silver which also prevents the occurence of fissures after peening.
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Table 1 Chemical compositions of copper filler metals.

Chemical composition, %
Type of copper Culsi|Mn| P | ag|o:
Tough pitch copper 99,97 Tr. | Tr. <o 10,045
Silicon deoxidized copper Rem| 0.39] 0.10
Silver bearing copper Rem| Tr. | - 0.23] 0.04
Silver bearing copper Rem| Tr. | - 0.431 0.04
Silver bearing copper Rem| Tr. 0.94| 0.05
Flux coated silicon deoxidized
copper Rem, 1.0 0.51
Phosphorous deoxidized copper | Rem| Tr. ~ | 0.023
BWobDREEMR L7,

i) # 7 ey FiREED TIG vk
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Table 2 Mechanical properties of copper welds by Inert Gas Shielded Tungsten Arc Welding.

3 | Mechanical prperties
Filler material Parent metal Condition Plate Thickness. Current, amp. Tensile Elongation,
mm strength, %
kg/mm? °
Tough pich Tough pitch copper As roll 2 180 18.3 9
Tough pich Tough pitch copper Annealed 185 23.4 37
Tough pi i 1st pass 330
gh pich Tough pitch copper | As roll 6 gnd pass 340 14.3 70
Tough pich Tough pitch copper As roll 6 %ifi gzgg ggg 15.2 8.6
Silicon deoxidized Tough pitch copper | As roll 2 185 22.3 11.0
Silicon deoxidized Tough pitch copper | Annealed 2 185 23.0 35.0
Silicon deoxidized Tough pitch copper | As roll 6 %i% g:gg ggg 19.9 17
Silicon deoxidized Tough pitch copper | As roil 6 jst, pass 20 18.9 15
Silver bearing, Ag. 0.23% Tough pitch copper | Annealed 2 180 22.5 36
Silver bearing, Ag. 0.23% Tough pitch copper As roll 6 %?1%:1 g:zg gég 17.8 14
Silver bearing, Ag. (.43% Tough pitch copper | Annealed 2 180 23.5 37
Silver bearing, Ag. 0.43% Tough pitch copper | As roll 6 b, pass o 18.7 15
Silver bearing, Ag. 0.94% Tough pitch copper | Annealed 2 185 23.0 40
Silver bearing, Ag. 0.94% Tough pitch copper | As roll 6 %itd gzzg gﬁg 211 29
Phosphorous deoxidized Tough pitch copper | Annealed 2 185 22.5 29
Phosphorous deoxidized Tough pitch copper As roll 6 %ifi gii: gig 19.4 10.0
Flux coated silicon deoxidized] Tough pitch copper | Annealed 2 185 18.5 29.0
Flux coated silicon deoxidized| Tough pitch copper | As roll 6 %i% 5222 ggg 19.0 9.0

2mmt Tough pitch copper.

Square butt.
no root space

1st pass

2nd pass
90-deg Vee, 1.5mm root face,
no root space.
Fig. 1 Welding groove assemblies for 2mm and 6mm thick
tough pitch copper plates
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Fig. 2 Welded plate and tensile specimen.

Filler metal : Tough pitch
copper.

Filler metal : Phosphorous
deoxidized copper.

F e %
Filler metal: Silicon deoxidized
copper.

copper. 0.94% Ag.
Photo. 1 Microstructure at fusion line. x100x %
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Photo. 2 Microstructure of fusion line of
tough pitch copper welded, a network
and strings of cuprous oxide are
appeared. X100 as polish.
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Table 3 Electrical conductivities of tough pitch copper
welds by Inert Gas Shielded Tungsten Arc Welding.

Type of filler wire Plate %‘:ﬁkness' c];:rlfiitcrtxic\?ilty
7% IACS

Tough pitch copper 6 94.5
Silicon deoxidized copper 6 42.3
Phosphorous deoxidized Copper 6 82.0
Flux coated silicon deoxidized 6 95.3
copper

Silver bearing copper, Ag 0.23% 6 96.3
Silver bearing copper, Ag 0.43% 6 92.5
Silver bearing copper, Ag 0.94% 6 89.0
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iv) 3mmt o MIG i

BLETCIZE2 72y 80D TIG BEEMED L+ ORI A
WofenT, 3mmt KT MIG gB#EbEA L STz,
TR & LT 600°C i 1 RIS 5 D& HVy, Table
4R ZEEBBRTR I VT ol CORKR, WHER

Table 4 Summary of procedure details for inert gas-

shielded metal arc welding in tough pitch-copper.

Plate thickness 3mm
Joint design
Filler wire

Square butt, no root face
Tough pitch copper. 1.6mm¢

Arc amperage 430

Number passes 1

Gas Argon 60 1/min
Preheat 500°C

IEEIC R T, X~ TIG BEDES X bk
DIFE LWEREMME BN, Table 5 5liEEkK L O

Table 5 Mechanical properties of copper welds by
inert gas shielded consumable metal arc welding.

Mechanical properties
. Bend test, 180
Filler Tensile | Yield . ’
Base plate| . orial strength, [strength, Elo“%j’tm"’ md%gm
kg/mm® | kg/mm? 8 bend | bend
Tough Tough
pitch pitch 22.2 9 29 OK OK
copper copper
Tough Tough
pitch pitch 23.1 9.5 28 OK OK
copper copper

{7 B, 2 Photo. 8 15 BEERE DB 1 L O°
i BB & PR R A R Lo
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Parent plate

B g i e
Tensile test specimen after testing

Root Bend

Face Bend

A B
Fusion line

Welds.
Microstructure. x100x1/2.
Photo. 3 Tensile test specimen and bend specimens
and its microstructures in 3mm tough pitch
copper plate made by the inert gas shielded
consumable metal arc process using tough
pitch copper filler wire.
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Table 6 Summary of procedure details for inert gas-
shielded metal arc welds in tough pitch copper plate.

Plate thickness 6mm
Joint design 60 deg vee,dmm,root face, no root space
Backing grooved copper

Filler material Silver bearing copper, tough pitch

Filler diameter 1.6mm copper
Arc amparage 320~370
Arc voltage 29~35
Number passes 1
Feeding speed of filler wire| 55~75 { t/min
Preheat 550°C
Gas Argon 60 1/min
hEFBC, COBE b, FENREN §9400°C Bl BT

WE L ETABMEND EREIBNI, X, RO REIHE
FEDe DR FIMOMERALE L T 5D T, BHE
SO DR O BTN R VBT 5o

Table 7 Mechanical properties in tough pitch copper welds oblained from inert gas shielded consumable

metal arc welding.

i Mechanical properties
Base plate Plate ’;it;;lmess, Filler material S’%‘ensilt% tYielqch Elongation, Bend test 180 deg
klé?nmgmz, skgalx;lgm2, % Face bend Root bend
Tough pitch copper 6 Tough pitch copper 16.0 5.3 17 100 deg failed 80 deg failed
Tough pitch copper 6 Tough pitch copper 14.7 4.7 17 90 deg failed 80 deg failed
Tough pitch copper 6 Silver bearing copper. Ag 0.23% 17.8 5.1 14 100 deg failed 90 deg failed
Tough pitch copper| [ Silver bearing copper. Ag 0.23% 17.5 5.0 16 120 deg failed 100 deg failed
Tough pitch copper 6 Silver bearing copper. Ag 0.39% 18.2 4.5 14 95 deg failed 80 deg failed
‘Tough pitch copper 6 Silver bearing copper. Ag 0.39% 17.6 4.8 15 120 deg failed 100 deg failed
Tough pitch copper 6 Silver bearing copper. Ag 0.94% 21.1 4.8 22 160 deg failed 140 deg failed
‘Tough pitch copper| 6 Silver bearing copper. Ag 0.94% 23.2 5.5 24 180 deg saféi(f;;y 180 deg Sawté?:g?.y

Top. specimen :

, 1 e il

As welded condition.x 100 x 15,

S ey

Top specimen : As welded

3 PR

e,

Ccon

Fdshi b
dition. x 100 x 14.

Photo. 4

Middle specimen : Macrostructure of welds. >x100x1%.
Lower specimen : Microstructures of welds. x100x 4.

Tough pitch copper plate apearances of welded
with tough pitch copper filler metal.

Photo. 5

Middle specimen : Macrostructure of welds. x 100 x 14.
Lower specimen : Microstructures of welds. x 100 x 1%,
Appearances of tough pitch copper plate
welded with silver bearing copper filler metal
containing 0.94 percent silver.



Vol. 2 No. 3

B 7y FHHORFMET A A ZNT — 7P DOWT

(195)

SNBSS BN OBRIYER & Table TiTiR Ui, 5IRE
B L O BB O R AL, b D 5 hiR 0.94% Ag
AT LA AWz b DR BRI T bHotfs
Photo. 4 ¥ L U5 ik Z b DAY
w7k 72 X Photo. 6icid, X#Eias

Top photograph : Welds using tough pitch
copper filler.

Lower photograph : Welds using silver bearing
copper containing 0.94 95 silver.

Radiographs of tough pitch copper welds.

Photo. 6
i) 46mmt # vy FHo MIG Bz
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7 TR badesd, Bk & 5 Warping x4 528
PLETCH D, X, €~ FOUENCHEY 7 &1 AETH D
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Table 8 Summary of procedure details for inert gas
shielded consumable metal arc welds in tough pitch
copper plate.

Plate thickness 45mm
Joint design %gc%eg, X~ type, no root space, bmm root

Tough pitch copper, silicon deoxidized

Filler wire copper, silver bearing copper

Wire size 1.6mme
Arc amperage 350~530
Arc voltage 33~38
Number passes 16~18

Feeding speed of
filler wire

Gas Argon 60 1/min
Preheat 500°C

60~90 ft/min

LD B s < Cikf B, AR TR, Zhbiz2nT
Fi> 2~3 DFHHURREIT, BHEINCRDFEIHEL
TnbBHZ ExBdlz, Table 8 o2 b DOBEERFHR
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BHo Vb2 7y FMIEXFER IO, Zh
MR, Photo. 7 iwiRdZ &<, ARTRASIT DL

\(//, 90°

Photo. 7 A fissure in tough pitch copper plate welded
using tough pitch copper filler wire. x100.
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Table 9 Mechanical properties in tough pitch copper welds obtained from gas shielded consumable metal
arc welding.

Mechanical properties
Base plate Thickness, Filler material Peening Tensile strength, Elongation,
mm kg/mm? %
Tough pitch copper 45 Tough pitch copper No 4.5 2.3
Tough pitch copper 45 Tough pitch copper Peening 6.0 3.0
Tough pitch copper 45 Silicon deoxidized copper No 10.3 8.0
Tough pitch copper 45 Silicon deoxidized copper Peening 13.0 11.0
Tough pitch copper 45 Silver bearing copper Ag 0.23 Peening 12.5 7.8
Tough pitch copper 45 Silver bearing copper Ag 0.43 Peening 16.5 10.5
Tough pitch copper 45 Silver bearing copper Ag 0.94 No 10.0 10.0
Tough pitch copper 45 Silver bearing copper Ag 0.94 Peening 19.5 14.0
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Top photographs : As welded condition.
Lower photographs : Microstructures of
weolds. x100x 24

Photo. 8 Appearances of tough pitch copper plate Photo. 9 Radiographic quality of consumable arc welds
welded with silver bearing copper filler made with silver bearing copper electrode
metal containing 0.94 percent silver. containing 0.94 percent silver.
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Corrosion Resistance of Commercially

Pure Zirconium in Some Media
by Shujiro Suzuki

Commercially pure zirconium (low-hafnium zirconium) is the excellent corrosion
resistance material for the most of corrosive chemical media, especially corrosion resistant
to hydrochloric acid, so that the chemical industries, begin to use zirconium recently.

The corrosion tests of the commercially pure zirconium products are carried out in
some corrosive media, most of them are corrosive for titanium.

The following results are obtained.

(1) Zirconium is completly corrosion resistant to hydrochloric acid, nitric acid, hydrogen-

peroxide, oxalic acid, caustic soda and sulphur deoxide at all temperatures and
concentrations.

(2) Zirconium has a perfect resistance to corrosion for the sulphuric acid and phosphoric
acid (concentration less than 70%)at all temperatures, but is slightly attacked by
the latter at an elevated temperature when the concentration is more than 70%.
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Table 2 Mechanical properties of specimen.
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Table 1 Chemical composition of specimen.

Chemical composition, %
Al | CICrlFelH 1Hf{Mn1N | o |si |’I‘i12r
0.022|0.014]0.015 |0.118[0.0025] 2~3 }0.004!0.003]0.046!0.004l Tr |Bal.

oo EDEEIT(LFERFEA A WIE L,
(i) m & B

* P gE D%z B, ZOMEIX(LER—RETH b,
_— 1 —

TORMEE T A ) ~ T 240 FeH AT Lictk, Vel
| WORBEEAT > T v 7~ TR LT 4 8 B L

Bafighid, Table 3 Wik AWELROCCRELETH L
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Table 3 Condition of the corrosion test I OPhoto. 2 i, Bipik Table 3 @ /&7 LTk
a e FLE gt ol .
Medium Concentration, % Temp. Wl & 75 7 HJ‘frFﬂ”jiZ@ Lf_o
HC1 5 10 20 37 Room Boil
H.S04 5 10 30 70 Room | Elevated
HNOs — - 30 65 Room Boil
H3PO4 - - 30 70 Room | Elevated
H20: — —_ 30 50 Room Boil
(COOH): — — — |saturated| Room| Boil Water
NaOH — — 40 iSaturated| Room Boil
SO, (dry) — Room | Elevated
SO (wet) - Room | Elevated
SO s‘zrig:ger?ted] — Room | Elevated
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\ Photo. 2 Apparatus of the high temp. corrosion testing.
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Fig. 1 Schematic diagram of the corrosion testing. (v) #FAEamlk
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Fig. 3 Schematic diagram of the SO, corrosion testing.
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Table 5 Corrosion of zirconium in hydrochloric acid.

L

Photo. 3 Apparatus of the SO, corrosion testing.

{

Table 4 Rating system.

Q Excellent <0.0127 mm/year
O Good 0.0127~0.127 mm/year
] Fair 0.127~1.27 mm/year
[ ) Poor >1.27 mm/year
3. R B B R
31 & i3

sk L, Table 5 36 0% Photo. 4 ©iR¥, WifEs

FUBRICRWTERA & L RECHENTH D, £0OF
R LB MED LOOHRIC L, 2 REE SISO LH D
M, FOMTEREIE <A LTH o7,

Concent- temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,
% Ave. 1 Max. 1 Min. hr. mg. mg/cm?/hr | mm/year | of pits at end of test system
cG 1 5 16 21 12 336 0 0 0 Non No change (@]
2 5 10 17 4 360 0 0 0 Non No change ©
3 5 10 17 4 360 0 0 0 Non No change ()
4 10 16 21 12 336 0 0 0 Non No change ©
5 10 10 17 4 360 0 0 0 Non No change e}
6 10 10 17 4 350 0.0001 0.00002 0.0003 Non No change @)
7 20 16 21 12 336 0.0004 0.00009 0.0013 Non No change (@]
8 20 10 17 4 360 0 0 0 Non No change @]
9 20 10 7 360 0.0002 0.00004 0.0006 Non No change @]
10 37 16 21 12 336 0.0005 0.00011 0.0015 Non Lusterless ©
CH 1 37 10 17 4 350 0.0028 0.00056 0.0084 Non Lusterless (@]
2 37 10 17 4 360 0.0059 0.00119 0.0177 Non Lusterliess O
CA 1 5 102 103 102 7 0 0 0 Non No change O
2 5 102 | 108 | 102 7 0 0 0 Non No change o
3 5 102 103 102 7 0 0 0 Non No change )
4 10 102 | 108 | 102 7 0 0 0 Non No change )
5 10 102 103 102 7 0 0 0 Non No change ©
6 10 102 103 102 7 0 0 0 Non No change o
7 20 102 103 102 7 0 0 0 Non No change (@)
8 20 102 103 102 7 0 0 0 Non No change ¢}
9 20 102 103 102 7 0 0 0 Non No change @]
10 37 102 103 102 7 0 0 0 Non Partial blue film e}
CB 1 37 102 103 102 7 0 0 0 Non No change ©
2 37 102 103 102 7 0 0 0 Non No change (@]
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¥2 M Ph S i i d in H,SO
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Table 6 Corrosion of zirconium in sulphuric acid.

Concent- Temp. °C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,
% Ave. i Max, ' Min, hr mg mg/cm?/hr | mm/year | Of pits at end of test system

CH 3 16 21 12 336 | 0 0 0 Non No change )
4 5 10 17 4 360 0.0002 0.00004 0.0006 Non No change ©

5 5 10 17 4 360 0.0002 0.00004 0.0006 Non No change (@]

6 10 16 21 12 336 i} 0 0 Non No change O

7 10 10 17 4 360 0.0002 0.00004 0.0006 Non No change O

8 10 10 17 4 360 0.0002 0.00004 0.0006 Non No change €}

9 30 16 21 12 336 0 0 0 Non No change O

10 30 10 17 4 360 0 0 0 Non No change @]

CI 1 30 10 17 4 360 0 0 0 Non No change O
2 70 16 21 12 336 0.0212 0.0051 0.069 Non Black film @]

3 70 10 17 4 360 0.0266 0.0059 0.0805 Non Lusterless @]

4 70 10 17 4 360 0.0304 0.0068 0.092 Non Lusterless O

cB 3 5 102 103 100 7 0 0 0 Non No change ©
4 5 102 103 100 7 0 0 0 Non No change ©

5 5 102 103 100 7 0 0 0 Non No change ©

6 10 102 102 102 7 0 0 0 Non No change O

7 10 102 102 102 7 0 0 0 Non No change ©

8 10 102 102 102 7 0 0 0 Non No change (@)

9 30 106 108 104 7 0 0 0 Non No change (@]

10 30 106 108 104 7 0 0 0 Non No change ©

cc 1 30 106 108 104 7 0 0 0 Non No change ©
2 70 147 164 130 7 0.0035 0.0406 0.543 Non Golden film [

3 70 147 164 130 7 0.0034 0.0393 0.526 Non Golden film U

4 70 147 164 130 7 0.0033 0.0382 0.512 Non Golden film ¢

Table 7 Corrosion of zirconium in nitric acid.

Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,
% Ave. t Max. i Min. hr. mg. mg/cm2/br | mm/year | of pits at end of test system
CM 6 30 16 21 12 336 0.0002 0.00004 0.0006 Non No change o
7 30 10 17 4 360 0.0001 0.00002 0.0003 Non No change €}
8 30 10 17 4 350 0.0003 0.00007 0.0009 Non No change (@]
9 65 16 21 12 336 0 0 0 Non No change O
10 65 10 17 4 360 0.0004 0.00009 0.0013 Non No change (@)
CN 1 65 10 17 4 360 0 0 0 Non No change ©)
(33 2 30 107 107 107 7 0 0 0 Non No change (@}
8 30 107 107 107 7 0 0 0 Non No change ]
9 30 107 107 107 7 0 0 0 Non No change O
10 65 121 122 120 7 0 0 0 Non No change [©}
CE 1 65 121 122 120 7 0.0002 0.0022 0.031 Non No change O
2 65 121 122 120 7 0.0003 0.0034 0.0456 Non No change O
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3.4 % & Conc. 309% 65% Conc. 309 709
KGR IL, Table 8 ¥ k% Photo. 7 74, Wi
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Photo. 6 Surface of Photo. 7 Surface of

specimens immersed in HNQ,. specimens immersed in H,PO,.
Table 8 Corrosion of zirconium in phosphoric acid.

Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,
% Ave, { Max. t Min. hr, mg. mg/cm?/hr | mm/year } of pits at end of test system
C1 5 30 16 21 12 336 0.0003 0.00007 0.0009 Non Partial golden film (@]
6 30 10 17 4 360 0.0006 0.00013 0.0018 Non No change [e]
7 30 10 17 4 360 0.0002 0.00004 0.0006 Non No change ¢}
8 70 16 21 12 336 0 0 0 Non No change @]
9 70 10 17 4 360 0.0002 0.00004 0.0006 Non No change 0]
10 70 10 17 4 360 0.0002 0.00004 0.0006 Non No change o]
cC 5 30 101 102 100 7 0.0004 0.0046 0.062 Non Partial black film O
6 30 101 102 100 7 0.0007 0.0081 0.109 Non Partial black film o
7 30 101 102 100 7 0.0005 0.0058 0.0775 Non Partial black film @)
8 70 113 113 113 7 0.0024 0.0278 0.372 Non Dark blue film U
9 70 113 113 113 7 0.0027 0.0312 0.418 Non Dark blue film >
10 70 113 113 113 7 0.0024 0.0278 0.372 Non Dark blue film [
9 )
3.5 i@&'ﬂ:*% Conc. N 30% ‘ 509

EEMERIX, Table9 & L0 Photo. 8 wind, H#ik
w‘&%@@mmﬁmﬁbfmmimmﬁ%f&oko

Table 9 Corrosion of zirconium in hydrogen peroxide. Photo. 8 Surface of specimens immersed in H;O..

Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,

% Ave. | Max. | Min. hr. mg. | mg/em?/hr| mm/year | Of pits | at end of test system

CK 8 30 16 21 12 336 0 0 0 Non No change (@]

9 30 10 17 4 360 — — - — —_ —

10 30 10 17 4 360 0.0001 0.00002 0.0003 Non No change (@]

CL 1 50 16 21 12 336 0 0 0 Non No change (@]

2 50 10 17 4 360 0 0 0 Non No change Q©

3 50 10 17 4 360 0.0001 0.00002 0.0003 Non No change ©

CE 30 104 106 98 7 0 0 0 Non No change ©

10 30 104 106 98 7 0 0 0 Non No change ©

CF 1 30 104 106 98 7 0 0 0 Non No change (@]

2 50 116 122 113 7 0 0 0 Non Golden and light blue film ©

3 50 116 122 113 7 0 0 0 Non Golden and light blue film (@]

4 50 116 122 113 7 0 0 0 Non Golden and light blue film ©

Table 10 Corrosion of zirconium in oxalic acid.

Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss, .

% Ave. | Max. | Min. hr. mg. mg/cm?/hr | mm/year | of pits at end of test system

CJ 1 |Saturated 16 21 12 336 0 0 0 Non No change @

2 |Saturated 10 17 4 360 0.0003 0.00006 0.0009 Non No change ©

3 |{Saturated 10 17 4 360 0.0002 0.00004 0.0006 Non No change [¢)

CD 1 |Saturated 100 100 100 7 0 0 0 Non No change ©

2 |Saturated 100 100 100 7 0 0 0 Non No change (@]

3 |Saturated| 100 100 100 7 0 0 0 Non No change Q@
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Conc. Saturated. Conc. 40% Saturated. Conc, Dry. Wet. Saturated water

Room Room
temp. temp.
Boil Elevated
temp. temp.
Photo. 9 Surface of Photo. 10 Surface of Photo. 11  Surface of
specimens immersed in (COOH),. specimens immersed in NaOH. specimens immersed in SO,.
Table 11 Corrosion of zirconium in caustic soda.
Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss, i
% Ave. i Max. ‘ Min. hr. mg. mg/cm2/hr | mm/year | of pits at end of test. system
CK 3 40 16 21 12 336 0 0 0 Non No change ©
4 40 10 17 4 360 0 0 0 Non No change (@]
5 40 10 17 4 360 0 0 0 Non No change (@)
6 |Saturated 16 21 12 336 0 0 0 Non No change (@]
7 |Saturated 10 17 4 360 0 0 0 Non No change ©
CJ 4 |Saturated 10 17 4 360 0 0 0 Non No change (@)
CE 3 40 125 125 125 7 0 0 0 Non Partial dark film (@]
4 40 125 125 125 7 0 0 0 Non Partial dark film ©
5 40 125 125 125 7 0 0 0 Non Partial dark film ©
6 |Saturated 146 146 145 7 0 0 0 Non Partial golden film (@]
7 |Saturated| 146 146 145 7 0 0 0 Non Partial golden film o
8 |Saturated 146 146 145 7 0 0 0 Non Partial golden film (@)
Table 12 Corrosion of zirconium in sulphur dioxide.
Concent- Temp.°C Duration | Weight Corrosion rates Present Condition of specimen Rating
Mark ration, of test, loss,
% Ave. | Max. | Min. bhr mg mg/cm?/hr| mm/year | of pits at end of test system
CL 7 Dry 1n 19 4 336 0.0001 0.00002 0.0003 Non No change (e}
8 Dry 11 19 4 336 0.0001 0.00002 0.0003 Non No change ©
9 Dry 1 19 4 336 0.0002 0.00004 0.0006 Non No change (@]
CF 5 Dry 102 110 95 7 0 0 i} Non No change (@}
6 Dry 102 110 95 7 0 0 0 Non No change @]
7 Dry 102 110 95 7 0 0 0 Non No change @)
CL 10 Wet 11 19 4 336 0.0002 0.00004 0.0006 Non No change O
cM 1 Wet 11 19 4 336 0 0 0 Non No change (e}
2 Wet 11 19 4 336 i} 0 0 Non No change O
C¥F 8 Wet 102 105 100 7 0 0 0 Non No change O
9 Wet 102 105 100 7 0 0 0 Non No change ©
10 Wet 102 105 100 7 0 0 0 Non No change O
cm g |Saturated| 4y | g 4 336 0 0 0 Non | No change o
4 |Saturated| g 19 4 336 0.0001 0.00002 0.0003 Non No change o
5 |Saturated) ) 19 4 336 0 0 0 Non No change o
cL 4 |Saturated) 4 |05 | 100 7 0 0 0 Non | No change o
5 |Saturated| g0 | 05 | 100 7 0 0 0 Non No change o
g (Saturated) 05 | 105 | 100 7 0 0 0 Non No change o
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Studies on the Titanium Alloys (Rep. 2)

by Yutaka Kondo

To find useful wrought titanium alloys experimental studies were carried out on the
workability, mechanical properties and heat treatment characteristics of several binary
and ternary titanium alloy systems by making use of compararatively high purity com-
mercial sponge (BHN110-120) generally used in our country.

In the previous paper (Rep.l) the mechanisms of heat treatments of titanium alloys
were discussed and results of experiments on several binary alloy systems were described.

This paper is Rep. 2 of the above work and contains parts If and IV. In part T[ the
results of the experiments on three ternary alloy systems,Ti-Al-Mn, Ti-Al-Cu and Ti-

Mn-Cr, listed as follows, are described.

(1) Hot and cold workability of three alloy systems is summarised in Table 10, 11

and 12 respectively.

(2) Mechanical properties and heat treatment characteristics are summarised in

Fig.43, 49 and 50 respectively.

(3) As shown in above tables and figures desirable mechanical properties and heat
treatment characteristics (ratio of yield strength to tensile strenghth changes by
heat treatment widely) were found in Ti-Al-Mn system, but in other alloy
systems no remarkable results were obtained.

From the above results (including Rep. 1) following three alloys were selected as

useful wroutght titanium alloys.
Ti-89Mn alloy:
Ti-59Al-39%Mn alloy:
Ti-29,Al1-29Mn alloy:

as high strength alloy for sheet
as high strength alloy for bar and forgings _
as medium strength alloy for sheet, bar and forgings

In part IV the basis of selection of these alloys is described.
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Table 9 Chemical compositions and Brinell hardness

of ingot.
Alloy Ngdn?irrlx{al Chemical compositions: % h]{i;;ijr;%lsls
system)(composition) oy elements | Tmpurlties | R3S
N 0.000
0 0.07
Ti — — 0.004 C 0.01 126
Fe0.03
Si 0.01
2A1 1.99 — | 0.008 — 170
2A12Mn | 1.97 2.08 | 0.007 — 249
2A14Mn | 1.90 4.17 | 0.008 - 204
2A1 TMn | 2.05 6.94 | 0.008 — 380
4A1 3.89 — 1 0.005 — 220
) 4A1 2Mn | 3.8 2.08 | 0.005 - 283
&;Al‘ 4A1 4Mn | 3.76 4.11 | 0.006 — 398
4A1 Mn | 4.14 7.08 | 0.006 — 424
541 4.96 — 1 0.005 - 239
5A1 2Mn | 4.87 2.06 | 0.004 — 290
5A1 3Mn | 4.92 2.83 | 0.006 — 305
7A1 6.80 — | 0.008 — 267
7A12Mn | 7.0 2.19 | 0.005 — 326
7A14Mn | 7.12 4.29 | 0.009 - 373
7A1 TMn | 7.07 6.9 | 0.005 - 450
Alloy Mark Al Cu H 1 Othess | ook
system| 3BT
N 0.013 |
0 0.0
Ti - — | 0.003 |C 0.02 140
Fe0.02
S10.02
1Al 1.06 — | 0.010 - 168
1Al 2Cu 1.07 2.06 | 0.009 — 210
1Al 4Cu 1.07 3.97 | 0.006 - 244
1Al 6Cu 1.11 5.88 | 0.005 — 264
AL |  3Al 3.07 — | 0.009 - 217
Cu 3A1 2Cu 3.23 2.12 | 0.007 - 261
3A1 4Cu 3.12 411 | 0.009 - 284
3A1 6Cu 3.13 5.78 | 0.007 — 202
5Al 5.44 — | oon - 253
5A1 2Cu 5.45 2.09 | 0.007 - 293
5A1 4Cu 5.35 4.17 | 0.008 — 326
5A1 6Cu 5.40 5.90 | 0.009 - 336
Moy Mark | Mn Cr H | Other h?{é%e{s}s
N 0.013
O 0.08
Ti — — | 0.003 |C 0.01 150
Fe(.06
Si 0.05
2Mn 1.96 — 1 0.006 — 208
2Mn 2Cr | 2.22 2.00 | 0.006 — 271
9Mn 4Cr | 2.36 4.98 | 0.008 — 323
gi*Mn- 4Mn 3.94 — 1 0.007 — 276
4Mn 2Cr | 4.29 1.89 | 0.006 — 393
4Mn 4Cr | 4.32 4.16 | 0.010 - 295
7Mn 6.67 — | 0.007 - 367
7Mn 2Cr | 7.54 2.15 | 0.009 - 424
7Mn 4Cr | 7.45 3.82 | 0.000 — 328
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Table 10 Formability of Ti-Al-Mn alloys.
Mark Hot forging Hot rolling Cold rolling Shearabitity of sheets ?Sfl?é;;f
ar
Tempe- Forge- Tempe- 15000 Limiting reduction | 10% 25% 0% annealed
rature, °C! ability rature,°C| Rollability without crack, % Annealed | cold rglled H cold rglled cold rta)lled bars
Ti 850 o 750 | o >50 o o | o o o
2A1 950 O 830 @] >50 @] O @] O O
2A1 2Mn 950 O 830 O >50 O @] O O @)
2A1 4Mn 950 @] 830 O > 50 O O O O AN
2A1 TMn 950 O 830 O >50 @) @] O ] X
4A1 1000 O 900 O >350 O @] ] O O
4A1 2Mn 970 (@] 880 O >50 (@] O O O O
4Al 4Mn 970 O 880 O >50 O O O AN JAN
4A1 7TMn 970 @) 880 O >50 O O Q A X
5A1 1000 O 900 O > 50 O O O PN @)
S5A1 2Mn 970 O 880 O > 50 O O @) AN @]
5A1 3Mn 970 O 880 O 40 O @] @] AN AN
7A1 1050 O 950 O 10 JaN X % X O
7Al 2Mn 1030 O 930 O 10 O A X X A
7A1 4Mn 1030 @) 930 A <190 X X X X A
7Al T™Mn 1000 JaN 880 JaN <10 X e o - x
Table 11 Formability of Ti-Al-Cu alloys.
Hot forging Hot rolling Cold rolling Shearability of sheets all\)/[i?ict:};ir(‘)_f
Mark T <
Tempe- Forge- Tempe- . Limiting reduction 10% 25% 50% annealed
rature, °C | ability |rature,’C 1R°Habﬂty without crack, g5 | nnealed ] cold rolled } cold rolied | cold rolled bars
Ti 80 | O mw | o | >50 o | o | o o)
1A1 920 (@] 900 O > 50 O O @] O
1A12Cu 920 O 200 @] >50 O @) O O
1A14Cu 860 O 750 O >50 O ] @] O
1A16Cu 860 O 750 s >50 O O O O
3Al 960 O 920 O >50 O O O O
3A12Cu 960 O 920 O >50 @) O O O
3A14Cu 910 @] 900 AN >50 O JAN @] O
3A16Cu 900 O 910 JaN <190 JAN X x X
S5A1 1000 O 920 O >50 O O O A
5A12Cu 960 O 920 (@] <10 X X — —
S5A14Cu 900 O 920 AN <10 X X —
5A16Cu 910 O 910 Jay <10 X X - ——
Table 12 Formability of Ti-Mn-Cr alloys.
Mark Hot forging Hot rolling Cold rolling Shearability of sheets agﬁctl;ix;;
ar
Tempe- Forge- Tempe- :y:4| Limiting reduction 10% 25% 50% annealed
ratur%, °c| ability Irature ,°C|ROMAPIYIG vy out crack, 9 | Annealed | (19 iited | cold rolled | cold rolled | bars
Ti &0 | O 700 o) >50 | o o) o o 0
2Mn 850 O 700 O > 50 O @] O @] O
2Mn 2Cr 800 O 700 @] > 50 O O O O O
2Mn 4Cr 800 O 700 @] > 50 @) ] O @) @]
4Mn 850 O 700 @] >50 O @) O O O
4Mn 2Cr 800 O 700 O >50 O O O O 0]
4Mn 4Cr 800 Jay 700 O >50 O O O (@] AN
7Mn 850 O 700 O >50 O (@] O O O
7Mn 2Cr 850 FAN 700 O >50 @) @] O O AN
7Mn 4Cr 800 AN 700 A >50 O O O O A
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Fig. 30—2 Effect of cold rolling on mechanical
properties of Ti-Al-Mn alloy sheets (2),
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Tig. 32 Effect of cold rolling on the mechanical

properties of Ti-Mn-Cr alloy sheets.
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Fig. 33 Mechanical properties of annealed Ti-Al-Mn
alloy sheets.
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Fig. 34 Mechanical properties of annealed
Ti-Al-Mn alloy bars.
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Fig. 35 Mechanical properties of annealed
Ti-Al-Cu alloy sheets.
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Fig. 36 Mechanical properties of annealed
Ti-Al-Cu alloy bars.
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I = AEASTHRA TR A L ATMTYENRYS L4 B Table 13 180°Bend radius of annealed sheets.
FEREMNRE N Alloy system ] Mark 180°Bend radius
(i) F2=vr—<rFrEEEL 7 v 2B HEMLTH, Ti t B
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. ] N - 2A1 2Mn 2t
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- e A . 2
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A 4
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@ 7A1 >4t
g - P e 7A1 2Mn >4t
3’ /’c /’/ 7A1 4Mn >4t
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Fig. 39 Mechanical properties of heat treated Ti-2%
Al-Mn alloy sheets.
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Fig. 40 Mechanical properties of heat treated Ti-49%
Al-Mn alloy sheets.
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Fig. 41 Mechanical properties of heat treated Ti-5%
Al-Mn alloy sheets.
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Fig. 42 Mechanical properties of heat treated Ti-7%
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Fig. 45 Mechanical properties of heat treated Ti-Al
alloy sheets.
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On the Effects of Intermetallic Compounds in Extruded
Extra-Super-Duralumin and 7075 Aluminium Alloys
on Their Fatigue Strengths

by Seikiti Hukai and Katsuzi Takeuchi

Wrought aluminium-zinc-magnesium-copper alloys always contain manganese and
chromium which are added to prevent season-cracking and it is known that those or each
added elements are apt to induce the formation of large-intermetallic-compounds
under a certain manufacturing condition. These troubles are usually encountered in large
extruded shapes. When these large-intermetallic-compounds are detected in a material by
the use of ultrasonic pulse-echo techniques or to be found on the machined surface of
structural materials, the question arises how much influence they have on the strengths,
especially fatigue properties in aircraft constraction materials. In this report, the authors
studied the effect of intermetallic compounds on the fatigue strengths of extruded Extra-
Super-Duralumin (ESDT) and 7075-T6 aluminium alloys and these studies on the ESDT were
carried out from 1940 to 1945.

Fig. 1 shows a S-N curve of extruded ESDT aluminium alloy. The chemical compositions
and hardness values of each specimen are not so different but the plots on the S-N curve
scattered. It is a rare case that the stronger specimens seem to have more intermetallic
compounds than weaker specimen as shown in Photo. 1.

Photo. 2 and Fig. 2 show the fatigue data of extruded ESDT aluminium alloy. There
is no difference in chemical composition of each fatigue test specimen, but the stronger
specimens contain less-intermetallic-compounds in contrast with the results shown in Fig.
1 and Photo. 1. Fig. 4 also shows the results of the rotating-beam fatigue tests of extruded
ESDT aluminium alloys. The tensile properties of each specimen are the same, but the
specimen which contained less-intermetallic-compounds had longer fatigue life than that
of the specimen which contained more, and the plots of the S-N curve for the latter were
somewhat scattered. Fig. 6 shows the plain-bending fatigue tests of extruded thin shape
and Fig. 7 shows the rotating-beam fatigue tests of extruded rods of ESDT aluminium
alloys. These results show that the more-intermetallic-compound specimens have lower
fatigue strength than the less-intermetallic-compound specimens and the difference of
fatigue strength at 107 cycles is about 20 percent. Fig. 8 shows the effect of the manganese
content on the rotating-beam fatigue strength of ESDT aluminium alloys, and their chemical
compositions, mechanical properties and micro-structures are shown in Tables 13 and 14
and Photo. 8, respectively. These results show that the amount of intermetallic com-
pounds increases, and elongation, impact value and fatigue strength decrease with the
increasing amount of manganese.

Fig. 14 shows the plain-bending fatigue tests of extruded 7075- T6 aluminium alloy.
The specimens have large-intermetallic-compounds on their central surface. These defects
were detected by the ultrasonic pulse-echo techniques and brought out on the surface by
the machining process. Typical samples are shown in Photo. 9 and 10. The fatigue
strengths at lower cycles reveal no difference between the non-defective and defective
specimens but the latter shows about 10 percent lower value at 107 cycles than that of
the former.

As a result of these studies, the authors consider that the intermetallic compounds
should be in the form of small particles and uniformly distributed in the material.
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Table 1 Mechanical properties of ESDT aluminium

alloy.
Mechanical properties
Size and :
Heat treatment | Yield Tensile Elonga-
manufacture ?(t)rze;gtf}fx +), | strength, tion,
kg?rgnfﬁe ’| kg/mm? %
470°Cx2h
25mme, water quenched
an 62.0 66.9 6
extruded 125°C % 24h
tempered
32 T T T [ o ! !
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Fig. 1 S-N curve of extruded ESDT aluminium alloy.
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Table 2 Chemical composition and hardness of each specimen.

Chemical composition, % Rockwell
Specimen Mark hardness,
Zn Mg Cu Mn Cr Fe Si Al “B” scale
No. 104 7.70 1.39 2.02 0.59 0.19 0.36 0.18 Bal. 89.4
No. 109 7.72 1.37 1.99 0.58 0.19 0.34 0.18 Bal. 88.5
Weaker No. 110 7.66 1.36 1.88 0.59 0.19 0.34 0.18 Bal. 88.3
Mean 7.69 1.37 1.96 0.59 0.19 0.35 0.18 Bal. 88.8
No. 105 7.62 1.39 1.85 0.59 0.19 0.32 0.18 Bal. 89.5
No. 107 7.80 1.31 1.95 0.58 0.20 0.36 0.18 Bal. 88.3
Stronger No. 102 7.70 1.38 1.85 0.58 0.20 0.34 0.18 Bal. 89.5
Mean 7.7 1.36 1.88 0.58 0.20 0.34 0.18 Bal. 89.1




1961 July

TR & ¢ B (218)

No. 104

No. 109 ;

No. 110

i SR

e

Weaker specimen
Photo. 1 Micro-structures of extruded ESDT aluminium alloy. %100

Table 3 Mechanical properties of ESDT aluminium alloy.

Size and Mechanical properties
Heat treatment Yield st th . :
manufacture at ireatmen (6' 2%30;'&%%)’ Tens}ile rsrg:'lngth’ Elong/atwn, Roclfy}vgg’llsgzlréiness,
kg/mm? £, 73
20mme 470°C x 2h water quenched and
extruded, 90°C % 24h tempered 50.0 62.5 1 85

Fig. 2 S-N curves of extruded ESDT aluminium alloy.

32 4 Table 4 Chemical compositions of fatigue tested

371 - ; specimens.

29 : Specimen Chemical composition, %

27 No. anMg[Cu|Mn|Cr‘Fe|A1

141 7.56 | 1.3¢ | 1.86 | 0.60 | 0.21 | 0.36 | Bal

25 T 148 7.78 | 1.36 | 1.93 | 0.61 | 0.2t | 0.38 | Bal.
: , 143 7.76 | 1.34 | 1.90 | 0.60 | 0.22 | 0.38 | Bal

23 150 7.80 | 1.87 | 1.98 | 0.60 | 0.22 | 0.36 | Bal

19 T 23 Bl 03

! | | TN
17 1 T T WNe 143 ESDT #iHib4 & Bl il L= & & 5, Photo. 3
B i i SRS _ -
o o0 Tor 0T axior EET XS CEBMILAHOL L D(~~ 7 B) #FAL

JeD TRV b D (w~27 A) L ZDEFRER T
fffi Lf(:o

Cycles to failure
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No. 141 No. 143
T R
No. 148 No. 159
f«“ﬁ'?;;:“i*‘i %Wﬁ
R
Less-intermetallic-compounds More-intermetallic-compounds

Photo. 2 Micro-structures of fatigue tested specimens. X100

Fig. 3 Locations and orientation of test specimens.

Photo. 3 Photograph of the section after the anodizing
of extruded ESDT aluminium alloys. Photo. 4 Macro-structures of perpendicular section of

(The dots show the intermetallic compounds) extruded ESDT aluminium alloy.
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Fig. 4 S-N curves of extruded ESDT aluminium alloys.

Table 5 Mechanical properties of specimens.

Mechanical properties (2)
Intermetallic Mark Tield
ar Tensile :
compounds ?&T%Qggfl'flset) strength, | Flongation,
kg/mme® | ke/mm? o

AT 50.2 60.2 10

A—T1 47.3 57.8 12

Less A—T 9.7 60.5 1
Mean |  49.3 60.3 11

B-—1 48.8 59.9 10

B—1 49.0 58.5 10

More B—1 47.1 62.4 10
Mean 48.3 60.3 | 10

(1) The values determined each fatigue specimen after fatigne
tested and represent the mean value of four specimens. These
specimens extracted on the shank of fatigue specimens.

(2) Specimen dia.: 6mme¢, gauge length: 20mm.

Table 6 Chemical compositions of fatigue test

specimens.
Chemical composition, %

Mark

Zn Mg Cu { Mn l Cr ] Fe \ Si l Al
A-1-4 8.20 ] 1.54] 2.20 | 0.54] 0.20}, 037 0.32| Bal.
A-T-1 8.30 | 1.54| 2.22 | 0.56| 0.20| 0.35| 0.30! Bal.
B-1-4 8.021 1.78} 2.15| 0.60 | 0.19| 0.31] 0.32 | Bal.
B-N-1 8,121 1.70{ 2.18 | 0.56{ 0.17{ 0.31{ 0.31 | Bal.

Fig. 5 Location and orientation of test specimens.

Intermetallic
compounds

2:4 Bl ZD4

DEE, BIEOMHEEM LY biiAs ESDT M
DWTHEBR Lico &BMILAMDO b D% C, &k
D% D &L, #HEHOTEECARRF O HHRALE Y
Fig. 5 &R,

E B OSSO B ER L Table 7 k&
V'8 W ENFNRT, SHEEEHAo 1#lik Photo. Sicik
‘?‘O

Table 7 Chemical compositions of specimens.

Intermetallic Mark Chemical composition, %
compounds Zn | Mg | Cu|Mn | Cr| Fe| si| al
C-—1 |8.00)1.45|2.13|0.48 | 0.19} 0.29 | 0.37 | Bal.
C—2 |8.04|1.39|2.10 , 0.48 | 0.19 | 0.30 | 0.31 | Bal.
Less

C—3 |7.98]1.39]2.04|0.480.20 | 0.28 | 0.27 | Bal.

Mean | 8.01 | 1.41|2.09 | 0.48 | 0.19 | 0.29 | 0.32 | Bal.

D—1 |8.421.42|2.8310.740.20 | 0.31 | 0.27 | Bal.
D—2 | 7.70 | 1.41 2.51 | 0.72 | 0.19 | 0.33 ; 0.31 | Bal.

More D~3 | 8.06 |1.50 | 2.56 | 0.72 | 0.19 | 0.33 | 0.31 | Bal.

Mean |8.06 [ 1.44 | 2.63 | 0.73 | 0.19 | 0.32 | 0.30 | Bal.

Table 8 Mechanical properties of specimens.®

Mechanical properties (2)
Mark i
ar Y(](e)z E‘:}ysgéggtg)th Tensile strength, | Elongation,
.kgo/mm2 ’ kg/mm? %
C—1 55,0 60.0 10
C—2 55.4 60.2 10
C—3 55.9 60.8 10
Mean ! 55.4 60.3 10
D—1 52.0 55.1 3
D—2 52.8 55.3 3
D—-3 53.0 56.4 7
Mean { 52.6 55.4 1

(1) Heat treatment: 450°Cx2h water quenched and
125°C x 24h tempered.

(2) Specimen size, Thickness: 2mm and gauge length: 45mm.

Less

(&}

More
(D)

Photo. 5 Micro-structures of extruded ESDT
aluminium alloys. x100
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Table 10 Chemical compositions of specimens.
24
‘\ Intermetallic Mark Chemical composition, %
22 compounds Zn | Mg | Cu | Mn| Cr | Fe | si| Al
20 \ Less E |8.20)1.5611.92|0.460.31}0.27 | 0.18 | Bal.
\ More F [8.24|1.56|1.80 | 0.66 | 0.35|0.31 | 0.19 | Bal.
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Fig. 6 S-N curves of extruded ESDT aluminium alloys.

Table 9 Fatigue strengths of specimens.

Cycles Fatigue strength, kg/mm?
m 108 | 100 1 107
c (24.6) 1 14.8 1 12.6
D 20.5 12.0 9.7
Reduction, (1) % | 16.7) \ 18.9 | 22.9

(1) Reduction of fatigue strength =C-D/Cx100

Photo. 6 Macro-structures of perpendicular section
(20mme) to the extruded direction of ESDT
aluminium alloys.

Less,
(E)

More

()

Photo. 7 Micro - structures of extruded ESDT
aluminium alloys. x100

Table 11 Mechanical properties of specimens. @

i Mechanical properties
Size and Heat treatment Mark . Prop
manufacture Tensile strength, Elongation, ’ Rockwell hardness,
kg/mm?2 % “B” scale
20wme 460°Cx1h water quenched and E 63.2 13 87
extruded 125°C x 24h tempered F 62.4 8 88

(1) The values dettermined each fatigue specimen after fatigue tested and represent the mean valnes of whole specimens. The test

conditions are the same as shown in Table 5.
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Fig. 7 S-N curves of extruded ESDT aluminium alloys.

Table 12 Fatigue strengths of specimens.

\ Cycles Fatigue strength, kg/mm?
Specimer\ 108 108 107
E (29.8) 21.2 17.3
r 27.4 20.0 14.1
Reduction (1) % |  (8.1) 5.7 18.5

(1) Reduction of fatigue strength=E-F/E x100

26 ¥ Zo6
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Fig. 8 wird, g Table 15 wixd,

BlEofERIe kA&, Mo ENE L ied LT, HilEZ
VRSN A MR L ETREILED U, TRy 0N A £
VIRV EDRNE ED D IR Mni23% < 7z
% IS ME B\ T R 2 MBI o W TR
Lo

LBEEMLEWIE Mn §23% < /a5 & Photo. 8 it R b
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Table 13 Chemical compositions of specimens.
A%,?sd Chemical composition, %
Mark
content, .
e Zn | Mg | Cu | Mn | Cr | Fe| si | Al
A 0.3 5.90 | 2.02 { 1.70 | 0.34 | 0.08 | 0.22 | 0.22 | Bal. .
B 0.5 | 5.92|2.08]1.66]0.52]0.07]0.24]0.23 | BaL Photo. 8 Micro-structures of extruded ESDT
¢ 1.0 |5.98)2.18 | 1.77]0.96 | 0.08 | 0.24 | 0.24 | Bal. aluminium alloys. x100
Table 14 Mechanical properties of specimens.®
Tensile properties Hardness Charpy impact
Mark e . Yield strength Tensile . Modulus of . value,
Elastic limit, Elongation, P Brinell, Rockwell, kg~ 2
kg/mm? .29 offst)., | sirongth, g Blasticity, 10/500/30 “B” scald g-m/cm
A 28.0 57.6 64.3 10 7140 151 90 2.4
B 30.7 58.6 65.0 7200 153 90 1.6
C 27.3 60.7 64.6 7310 159 90 0.9

(1) Extruded 25mm¢ and heat treated at 450°Cx1h water quenched and 125°Cx24h tempered.
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S
14 fId i C Chemical composition, %
RN L Specimen
12 L L : | zn | Mg| Cu [Mn|cr[Fe| si|mi|a
10* 10° 108 107 5% 107
| worsere 556 | 2.68 | 161 [ 0.01 0.8 |0.21 | 0.12 | 0.02 | Bal.

Cycles to failure
Fig. 8 S-N curves of extruded ESDT aluminium alloys.

Table 15 Fatigue strengths of specimens.

\ Cycles Fatigue strength, kg/mm?2
Specimer\ 105 1 100 107
A 27.8 22.0 19.2
B 28.8 21.7 18.2
C 29.4 19.7 14.4
2.7 B 207

Fig. 9 i3 7075-T6 KA D CHEEHHEE R
BEEEH LIz A, FIHECRMERLDED% A LD
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T o720
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Standard defect

Dimentions of defect

Fig. 10 Standard sample of ultrasonic inspection.
The inspection carried out at 230mm apart to the
defect of specimen, and controlled to be shown
30mm height of puls-echo at 243mm from the
defect of standard sample above mentioned.
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Fig. 11 Form and dimensions of fatigue test specimen.
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Table 17 Typical mechanical properties of specimens.

1
Mechanical properties
Specimen e . Yield Strength T breaki
Elastic limit, 0 e Tensile strength, rue breaging f Reduction of Brinell hardness
kg/mm? 029 offset. kg/mm? SpTenatly Elongation, % area, % 10/500/30
7075-T6 46.4 52.5 60.3 | 68.3 | 12 13 | 153
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Fig. 12 Typical example of the ultrasonic inspection
results. (The height of puls-echo is 10mm on the 0.01 =
defect of specimen 2961-A) V
0
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Width, mm

Fig. 13 Typical form and dimensions of the defect.
The calibration was done to the perpendicular max.
<width to extruded direction of the specimen 2961—A>
by the roughness tester.
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Photo. 9 Photograph of the defective fatigue test specimen.
<The dots on the central-surface are intermetallic)

compounds and its micro-photograph are shown
in Fig. 10 (B).
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Fig. 14 S-N curves of extruded 7075-T6 aluminium alloy.

Table 18 Fatigue strength of 7075-T6 specimens.

T ] Cycles Fatigue strength, kg/mm?

 Specimen T — | 107 | 00 | qoe | 100 | 100 | 207
Non-defective specimen 76.1 | 58.0} 38.2/ 24.7 17.8| 14.8
Defective (1) specimen 80.0 | 58.0 | 38.2 23.8] 15.3 | 13.1
Reduction (2) % | 52| o o 37| wa| s

(1) The defect is a intermetallic compound.
(2) Reduction=N.D.S.-D.S/N.D.S.x100

Table 19 Modified fatigue strength of 7075-T6

specimens.
\\\ . Cycles Fatigue strength, kg/mm?
Specimen | 100 | 108 | 10t | 105 | 100 | 107

- : - Non-defective specimen 52.0 | 44.0 32.0| 22.0| 16.2| 14.0
(A) Specimen A3-2 (B) Specimen No. 2961-A Defective specimen 53.8 | 44.0 | 32.0| 21.3 1 14.3 | 12.4
Photo. 10 Typical photographs of intermetallic compounds Reduction(1), % l -3.5 } 0 l 0 ! 3.2 1.7 11.4
8 . p .

of extruded 7075-T6 aluminium alloy. x100 x3% Reduction=N.D.5-D.S/N.D.S % 100
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Methods for Analysis of Traces of Elements
in Aluminium (Rep.2)

Determinations of Lithium, Boron and Galtium in Aluminium

by Shikao Hashimoto, Akinari Ichiryu and Sakae Kato
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Methods for Analysis of Traces of Elements
in Aluminium (Rep. 2)

Determinations of Lithium, Boron and Gallium in Aluminium

by Shikao Hashimoto, Akinari Ichiryu and Sakae Kato

The method of analysis for traces of elements in aluminium has been investigated
and in this report the determinations of lithium, boron and gallium was established.

1. Lithium; The sample is dissolved in hydrochloric acid and lithium is flamephoto-
metrically determined at 670.8 my, without separation of aluminium. The calibration curve
is made by using lithium-free sample of the same or similar chemical composition as
unkown sample. But, without lithium-free sample, the curve is obtained by adding lithium
to unknown sample, and the content of lithium is decided by extrapolating the curve to
the background intensity. There is no other small additional elements which affect the
intensity of the flame. The curve is linear to 20y Li in 50 ml of solution, and the error
of this method is within 1y. It is found by calculation that the flow rate of solution at
maximum flame temperature is not the same as that at maximum intensity.

9. Boron; The sample is dissolved with a mixture of hydrochloric, nitric, and sulfuric
acids. After adjusting the acidity of the solution by adding distilled water, most of
aluminium is removed by adsorption on cation exchanger, Dowex 50. The effluent is
evaporated to fumes of sulfuric acid, and after cooling, heated with 1,1’-Dianthrimide at
90°C for 90 min. Then, the absorbance is measured photometrically at 630 mpu. Calibration
curve up to 4y of boron in 10 ml is linear, and interfering elements are not found, except
the precipitates of sulfates. Co-existence of aluminium less than 10 mg is not objectionable.

3. Gallium; After the dissolution of the sample in hydrochoric acid (3+2), aluminium
is eliminated with anion exchanger, Dowex 1. Trace of gallium in the eluted solution by
water is extracted with oxine and chloroform, and then fluorimetrically determined at 520
mp. Upper limit of this method is 20y and relative standard deviation is nearly 10%.
Galium in aluminium samples was detected from 50 ppm to 80ppm, but in pure aluminium
was less than 1 ppm.
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Fig. 2 Relation between gas pressures and flame
intensities of lithium at 670.8 my.
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Table 1 Effect of gas pressures on the
reproducibility of flame intensities.*

Q2 : 0.9kg/cm? Oy : 0.6kg/cm?2 O, : 0.dkg/cm?
Gas pressures

He: 0.3kg/cm2H;z : 0.2kg/cm?2 Hy : 0.1kg/cm?

Settings of scaler 80 40 80 40 80 40
Average ** 80.3 40.0 80.4 40.0 79.3 40.0
Standard deviation 0.021 | 0.016 | 0.029 ;0.030 | 0.045 | 0.049

Relative standard . ' 1 0.02695| 0.0409| 0.0369| 0.0759%| 0.05795| 0.122%

* Sample solution used is 70.2y Li and HCI (1+1) 20 ml in 50ml
** Average was taken for 10 readings
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Broken lines indicate the flame intensities of the
solutions in which the samples of aluminium and
lithium are dissolved with 20 ml of HC1 (1+41) and
diluted with distilled water, without evaporation
of hydrochloric acid.

Fig. 3 Effect of hydrochloric-acid on flame intensities.
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Fig. 4 Calibration curves for lithium.
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Table 2 a) Effect of other elements on the
flame intensity of 35.1y lithium.

Elements |Added, mg!Li found, 7{} Elements {Added, mg| Li found, v
Na 0.1 35.1 Fe 0.1 35.9
Na 0.5 35.8 Fe 0.5 35.1
Na 1.0 36.5 Fe 3.0 37.2
Na 2.0 37.2 Fe 5.0 35.2
Na 3.0 36.5 Fe 10.0 35.9
K 0.1 37.8 Cu 0.1 35.7
K 0.5 35.8 Cu 0.5 35.2
K 3.0 38.6 Cu 1.0 35.1
Ca 0.1 34.4 Cu 2.0 35.7
Ca 0.5 35.1 Cu 3.0 35.7
Ca 3.0 37.8 Ni 5.0 34.4
Co 0.1 36.5 Ni 10.0 35.5
Co 0.5 35.1 Ni 15.0 35.8
Co 3.0 35.3 Mg 10.0 35.1
Zn 0.1 35.7 Mg 20.0 34.5
Zn 0.5 35.1 Mg 30.0 35.5
Zn 1.0 35.2 or 0.5 35.5
Zn 2.0 34.4 Cr 1.0 34.9
Zn 3.0 35.2 Cr 5.0 34.3

Table 2 b) Effect of aluminium on the
flame intensity of lithium.

Al 7 ]Li added, y|Li found, 'y“ Al, v |Liadded, y| Li found, ¥
0.5 70.2 83.5 1.0 70.2 70.2
0.6 70.2 82.1 1.1 70.2 69.2
0.7 70.2 79.0 1.2 70.2 65.0
0.8 70.2 77.2 1.5 70.2 57.3
0.9 70.2 76.0
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Table 3 Determination values of lithium
in 1099 aluminium.

Scale readings
For 1099 aluminium 1.0g For reagent only
Li

t Flame Flame
added, ¥ pro at at |; : at at | .
* 71670.8 intensi 670 8 intensi
mp 660mp 680mp ty of Li 660mu 680m p ty of Li

0 8.0 11.2 6.0 —0.6 1.0 1.0 0.8 0.1

7.02 14.7 11.2 6.0 6.1 8.2 1.1 1.0 7.2

21.06 26.0 11.2 6.2 17.3 21.8 1.0 1.0 20.8

35.10 37.2 11.2 6.4 28.4 35.6 1.0 1.2 34.5

56.16 56.8 11.2 6.8 47.8 57.7 1.0 1.6 56.4

70.20 68.2 11.3 7.0 59.0 71.4 1.0 1.8 70.0

* The corrected values with background
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Table 4 Detemination of lithium in Al-Li alloys.

Number of Lithium found, ppm 1
measurement Sample A \ Sample B
|
1 4.0 8.0 7.8 7.6
2 4.0 7.8 7.6 7.5
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Table 5 Effect of other ions on the
determination of boron.

Tons | Added, Added | 4 ¢ +)  Tons Added Added | o o
Fe (ID| 500 |FeCla | O |Bi (| s00 |Bicls o
Cu(I)| 500 [CuSOs | O |U (W] 100 | UOCL o
Ni (I)| 500 | NiCle O |Be ()| 500 | BeSO. o
Co (I)| 500 | CoCls O |sn (xy| 500 |SnCl, o
Cd (I)| 500 |CdCle A ler an| 500 | KiCs0s 0
Al (ID| 1000 | AICLs o ler anl| s [crvogs| O
Mn(I)| 100 |MnSOs| O |V (V)| 100 |NaVOs o
Mg (1) | 500 |MgCla | O |Ti ()| 100 [TiS00:z| O
Zn (I)| 500 | ZnCl, A Mo | 100 | NauMoOc| &
Si(F)| 185 |NawSiOs| O |W (| 500 |Na;WOs | 4

* Relative error for standard solution
QO : Within *5%
A ¢ Within +10%
[ : Within £20%
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Fig. 10 Calibration curve for boron.
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(&)

(a) : Flask with water cooler.
(b) : Flask with air cooler.
(¢) : Distillation apparatus.
The capacity of silica flask is 250 ml and the
inside diameter of silica tube is 6 mm.
Fig. 11 Apparatus for sample dissolution.

(a) (e)

Table 6 Test of vaporization of boron when the
sample is dissolved in distillation apparatus.

Sample, g Boron in flask, y Bo;‘é‘éelpnter’ y* Total boron, v

B 0y 0.04 @ o0 0.04
Sample 1 0.05 0.99 (a) 0.06 1.06
Sample 1 0.10 2.06 @ 0 2.06
Sample 1 0 10 2.10 (b) 0.01 2.11
Sample 2 0.10 3.75 (@ 0 3.75
Sample 2 0.10 3.86 (@ o0 3.86
Sample 2 0.10 3.70 (b) 0.01 3.7
Sample 20184 4.83 (@) 0.02 4.85

B 4.0y 4.00 (a) 0.03 4.03

* Catching solution of (a) is water and that of (b) is sodium
hydroxide agueous solution

22) 23)
7=y nfO Ry EAER LT Brewster, Matelli

VEBUE A RIS BRI (L v v Y R IMA TN B DT,
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Table 7 Determination of boron in aluminium

sample with some kinds of dissolution apparatus.

Dissolution Boron found, %

Flask with Flask with
apparatus Beaker water cooler air cooler
No. 1 0.0280 0.0310 0.0310

2 0.0270 0.0294 0.0310
3 0.0280 0.0282 0.0302
4 0.0310 0.0288 0.0310

5 0.0286 0.0298 —_
m * 0.02852 0.02944 0.0308
o ** 0.00150 0.00106 0.00040
o/mx 100%+* 5.3% 36% 1.3%

* Average. ** Standard deviation

**x Relative Standard deviation.
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Table 8 Comparison of ion exchange separation
method and non-separation method

Non-separation method Separation method
Samples Sam
ple Sample
taken, mg Results, % B taken, mg Results, % B

0.0016 0.0013
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D 5 0,026 10 0.028
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TAI=y AFON Y v L OEEIRTEI, AHRT T
B, WIhbz -~ ?fvfmmf*%rﬂigzl)/fb\éo A=
L — F T ERBRRE N L b, v — ViR
FELHND BIMNRb D, FLTHY Y LD 7 v w i
B L., BA A4 v sTHBIIE CHOE 2 HRIEDOWTIRE Uiz,
BEHECE HEESER LS4 %y vEI#EL WS
Z &I Ulo

4-2 REMER

421 FinEiE L BIE

MR 2 Es EPU-2A (Aardd) wibetd
BEEE L-3 Akt L. BBty SHL-100uv %
B, 7 vz~ U CHRYD BEEs 36bmp & Liz,
BN Y v LB &B Y v o 50.0mg AR (1+1)
CER M U CEm L, Mikc 500ml w#FHIR LT, 100
yGa/ml ks XUV iz 105 F R LT 10yGa/ml & LT
i, MR A Y= VvETH Y Y A &BEAMHR L
ARV VR 1g O X% v vk 6ml OEEERCEME L.,
Migkc 00ml CH/HRUCTLBERE L, CRamRLT
0.19% B & LA Uiz

TLHERRIE % = v W R % = ~ % #0 80°C T 304
MRS 720, 0.1 N OFERER ¢ 100 ppm BE O
Wk o< o THRE Lico & OEMERAHEICTHR LT
Ufens, Fe 0.1 N phfgsEE T & Lico

02M I 7 2 Vs ) EEEE © 10.2g %7K 250ml 2§
L7,

W Fex vy 3 VB 20% KB

s A A IE « Dowex 1 (100~200 2 v 3 =) 12ml
A B 20ml O F 7 AR AT,
4QQE§%%EM%KOMT

Sandell O A % & VPt »C 2,3 B ATt o 70
W DFFeEA KT o

MR ) o nE iR LD, 02M By ZVEEH Y v KR
W 10ml, e Fex v 7 3 yEmg 20%) 2ml B L O
100 e N I
/N \d
% %
© .
80 . 5
% s 2
£ 60 s _ |
L/ \ \
< 40
20 / AN
o N~ ] \\ﬁ
400 450 500 550 588

Wave length, mp
Fig. 12 Comparison of fluorescent curve of gallium
oxinate with that of quinine sulfate as a
reference solution.

& F Y VB (019%) 3.0ml #inx pH 3.0 L35, 7 =
vV a 10ml C2EFA U, 26ml A 27 5 22 L,
JmuRVATREEE LzDb, 1ppm OF#E* = Y IER
H AR & U TR 520mp YR A IS b,

PRlR% = v & 7Y v a—F F ¥ VIFOKK A Fig.12
TR Ulc, BB oM 1337, SRR ORI LpEE
¥=: 440mpu, FU Y A—F F ¥ v 525mp AR
bBho FilEx = vEW A WABCHET H00, VY LD
EREREITNEEOBER JCEECERLTL %, BE
DFER, H Vv 220y BEF CORBIHIIER & /R 5038
BENSL kb LR Ricdhm bl & /-
oo o TH I Y 120y T TCOMBBAYIERT H2DD
T LT, WES20my, 2V v+ 0.70mm G,
Ippm OFEEF = Y B OB EMESL » —F ~ LD 100 H
Ba&bEnhZ LIt L,

PH X 3 L DB\ L BHBREM D TH2, BnLia
DTEENMFELTL HDT, 30 & L, # % v vEIL
ERC N2 % @R BEBREL ITFLZ0T, 01%
3.0ml &4 %, HEMEEFY v 40,5 10, 15 L0 20y
TOWTCBERZEZ RO I, Wi d 1 %REOBEER
EHTERENTE, ZEMEITERDOYH S ISR 24 R
B L7=hs, B o foe IR DWTIE 1R, 5, 30
F L0 50°C DB B W e N R I B Lk i o
770

ﬁm@éfD$WAKM%%%%¢kwK7W3~W%
Mz T b WenTT VA — DB DONTERERBRL
Jo 7w a Rk Uk o TIRES Uico 2 % 5 Tl g B8R
. FBRTL LA AW OBERE LR LT
Botco LML 5%, 109% & 7 v 2 — v Ey B3B3 RGE,
S EEV AT ZE LT BV ANAR, BB IS T Ui,

T DB oWk Table 9 w4, Cu D, W
(VD Mb(W),V<VL’N(DDﬁ?r(N)jsioisn<w>
DA Ulo ods Sandell o¥gfig LC\u~% Sc iounT
R EEOBE THE Lt oo,

Table 9 Effect of other ions on the fluorescent
determination of gallium.#*

Elements}Taken, 7} g)znd,y 1 * “ Elements| taken y I (fs;imd y

Fe (I 1000 19.0 O Ni (I 500 20.5 ©
Fe (D 500 195 1O | Co (D 500 20.7 O
Fe (I 100 200 O As (D 500 20.0 ©
Cu (ID 630 9.3 | x || Sb (I 600 19.8 ©
Cu (I 189 13.5 | X || Bi (I 570 20.8 O
Cu (1) 126 15.1 | x | Sn (W) 500 16.5 X
Cu (DD 63 17.5 | x | Ti (W) 500 13.5 X
Al (D 500 20.7 | O Zr () 500 13.1 X
Mg (ID) 1000 200 1O | Mo (W) 500 0.3 X
Zn (I 500 208 [OW () 500 8.5 X
Mn (D 500 207 |O|| U an 500 19.8 (¢}
Cr (I 450 9.7 |0}V [P 500 16.5 X
Cr (W 490 19.6 |O [ In () 500 20.4 (@]
Pb (D 500 20,3 | O | Ce () 500 20.2 (@]
Cd I 500 20.8 | O

© : Within #3%

O : Within *=5%

A ¢ Within +£10%

» : Without +10%

* The difference of gallium added and found.
*#* FKach sample is added with 20y gallium.
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T3 =y nORREES O ST ek

4-2-3 SrHERIEIDOWT

W4ﬁ/ﬁ&H%V LR OABITHROZEEI
DT 11@wsgm74yr—7&&mbfﬁb<#f
LTWwWhy 7/ =y niIEBERCREES, I va
R (B+2) BICHRIE SN, M OO TIEETH b,
WiE Lo H Y v 2 MK CRIST 5 2 &80T, o T
HUHOBEEL S E D iml, 4 % v v Eib
® pH 3.0 ELBFHTHZ EMTE D, TDHIDN
ThR, fiH A HRC 1 5 BBl DR ERE & 720 B Ok
KREFTH UTRETH D, ol R EFE L b
Bo

HY Y 20y MR (3+2) 10ml B e UTA 4 32
BERIRE R AT 2 ml/min. CHE L. HEE (342) 10ml
T~ — R LOBIEX RS T %0 DECHMAKTH Y v A
R L, BEREBETH Y v s OEHREEY 272, Fig.
13 wRd & Hie, Mk 20ml CiigsReicmtd 5o &
MTEB, L, B O # Y v 232 LE W E L R
L. EES 7Y 7 o3 &b b b, SR ER L
DA A 2 TH U Y L OB A Bl b i s
>0

r
]
l
15 ! /
Washing E / Eluting
N
|
?:10 L /
|
5 i /
5 i é
|
7 | é
/// f 7274777
0 10 20 0 10 20 30 40 50 60 70
(3+2), .
Fig. 13 H}El:llut?(j;lzdi:glram of 20y V(\}/:e\;i:}i anion exchanger,
Dowex 1.

FEOLHTHREREER L. 2 LREA L, DL
DR A Fig. 14 WiRd, B LB&Ly
Yy L ORENRD B, BERUEA LD L EERERTIY
ThHD, MBOEEFEL LTUIELEZ 2N EEHEL
776

4:2:2 TRRNIPFETLRICDONWT, A & ¥ ZHBINE A8
LCHDEB A It h5H1E Table 10 w729 L 5z Sn
DYFEDHIED BN Do & OBEDUWTIEEE S BT Linds
ofes, A & rRHRIEE BT & Cd OFiE LD B,
INBOTENEA 4 » ZHRNR RS I, Mk TE
XN WEDTHDLE &b, FU v nDOEHIRE
a5 256DEELBNB, Mi7NViz=vn lgityy
v n By, X5 442 < 500y, BLOH F 3w a 500

7’3:{(\];;/7

V IR

ST (29 Vol. 2 No. 3
100
O+ Without exchanger /
® : With exchanger
80 , ///////(
60 ) /
vg’) / g
g /
s
T 40 y
2
3
%)
mr///,
o

0 5 10 15 20 23
Concentration of galtium, /25 ml
Reference solution used is the concentration

of 1 ppm with quinine sulphate.
Fig. 14 Calibration curves for gallium.

Table 10 Effect of other ions on the fluorescent
determination of gallium with ion exchanger.

| Elements lTaken, 7l(§3und, 7\ * “ Elements }Taren, 7'C;fa‘.)und, v ‘ * ‘

\% QD] 500 215 | A Zr (D 500 21.0 O
WD 500 18.8 | A | Sn (V) 500 25.3 X
Mo (WD 500 205 1O Cd (D 500 16.6 3
Ti (V) 500 211 | A Cu (D 630 21.3 A

* The difference of gallium added (20v) and found. Symbols used
are the same as in Table 9
v Mz T SO DOWTA A+ VB L, 2
Bl A, FNFN B3, 56 LUB0y dF Y v A
HRBDIze Lo TT VI =Y AFEHCDOWTRE S 57T
BEB 2 Th I ot

43 E B F &

BUEH A il (3-+2)10ml CHEIR L. SIS (30%)
iml ARz s U Cgkin E a3 %, LIED < m#ha D
OHTﬂﬁ@E@k&%%%WL B Do A A 38
%&&JHHU:V HRdkAg 2ml/min. T@9, HEEE 3+2)10mlc
o = AR, BRI BT, X B 20ml TR 4 Ik
@bt@%‘mﬂ#@%bf%&&¢@fﬂ~:vA@#
a7 vre=7TLBND, 7/ =Y LAORHNED
N 7o Thb, §BV1%ﬂfﬁ%&%@?éoO%
itk 30ml A LCH Y v aABHL, Zhie 0.2M &
7ANMEA ) Y AR 10m] SRR Fexy vy 3 VB
W (20%) 2ml B L OUA ¥ v v (019%)3.0ml %inz
T pH3.0 w4 B, 7 muskiva 10ml A% 4%
Hk 2EHMH L, 26ml 2 27 9 2 3R AT 2 momskov

TERELT Do WMEBOREATAKE e i@t sick
D%fb\mmn@%&%:/@MTuméb@&ﬁbﬁ
IR E A RET Do WEREW 520mp #FEHTH LD L
T ho

D A0y am20y LR &S & 5P 5, fli7 s =y
2y lg, FOEND TN I = Aﬂl',;'.iootUl.Mi 0.2g @B
BB, b7V =y 2@ BOBEMICIE, =y v 100y 2z
TS HARET 5 2 L RTE B,

3#2) £ 20mm D HF 2z Dowex 1 (1002 v v =) D%k

— 10 —
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12ml % A+ THERE,

4-4 & B B

TVNI=Y AEIRRBIOEEFOT IV L EE LT
Table 11 @Rk Lize #M7 A I=v nthDF Y v niTiE
TR 1g DLEFAWARENRD 5, BEREIZI0%RET
HHZEERLT WD,

Table 11 Determination of gallium in
aluminium samples.

Ga Content,
Sample added, y Ga found, v | Average} ppm
Aluminium 1099 1g| — |0.5 0.5 0.4 0.3 0.70.48%0.14 0.5
Aluminium 1099 1Ig 5 5.3 (329%)*
Aluminium 1099 1g| 10 {10.0[10.7/10.0
Aluminium 11000.2g | — [15.315.8017.0/13.0017.9/15.8 1.8/ 78
Aluminium 1100 0.2g 5 [20.520.520.5 (1295)*
Aluminium 30030.2g | — [15.1]16.7]15.116.5/16.8/16.0+0.8,| 80
Aluminium 3003 0.2g 5 |21.721.3 (5.49)*
Aluminium alloy o2 — T e —
Aluminium alloy 5052
o 0% 5 |15.018.5 (9.69%)"
Aluminium alloy 5’?53 — 110.7 9.8] 9.211.9]10.210.4+1.04] 52
Aluminium alloy 5056
g5l 5 [15.116.5 (10.0%)

* Relative standard deviation

45 % E

HY Y nHEBERE LTERA & v BRI RE S8,
FAMI= U ABSEE LB THREIES, I
¥V UK DEINERTERE L

BBt 7Y v o 207/25ml # CIEE#B &7 5D T,
EEEREY 20y £E2 5, BEREERERCO% TS
o720

M7=y apDF Y v NEMETH DN, FDEDN
D7V =y AR XUEEIE 10ppm DX Y ¥ LR
EENTNDZ EMbh ol

5. & ¥&

FEIRCOEDTE, 7TVI=Y LehDWE ) F U &,
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TnrE R A S Ulce

X o8
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(1958).
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On the Texture and Anisotropy of Annealed
Aluminium Sheets (Rep.2)

On the Texture and the Change in the Anisotropy Aluminium Sheets

by the Various Annealing Conditions

by Toshio Amitani
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On the Texture and Anisotropy of Annealed

Aluminium Sheets (Rep. 2)

On the Texture and the Change in the Anisotropy of Aluminium
Sheets by the Various Annealing Conditions

by Toshio Amitani

When rolled aluminium sheets of different purities were annealed at various temperature
and time, the following results were obtained from the investigations of the relations
among the recrystallized grain size, the change in the texture and the anisotropy. (1)
Immediately after the specimens have recrystallized, the texture of the small recrystallized
grains of annealed high-purity aluminium contains most of the component of the (123) (121)
rolling texture, so that earing appears at 45° to the rolling direction by deep drawing. When
the recrystallized grains grow as the annealing proceeds, the second orientation (100) (0013
develops and earings change from 45° to 90° with respect to the rolling direction. (2) In
the case of commercial-purity aluminium, the impurity atoms restrict the growth of the
recrystallized grains, so that the grains do not grow as the result of successive annealing,
and, there is no change in the anisotropy. The most effective impurity element was iron
(the content of iron should be more than 0.3 percent), but silicon included as impurity
had no effect on the growth of grains and the change in anisotropy. It may be inferred
from the above results that when a small quantity of metallic elements is added to restrict

the growth of recrystallized grains, the texture and the anisotropy do not change.

1. ¥

FEREX M- 7 v 3 = v sl (128), (1210 3,
CNCEWEF A G T AEREAMMATRT SO TH B2,
CHRBER SN TS AMAE B L REBBIRE(EL, Sk
@ﬂg‘}:p(_ﬁi@ijﬂﬁi HZ o T HE—FCHBI TN Do
Aust & Morral {1 99.49% BED 7V 3 = LFRER A BE
$i9 5 & FrEg “Cube texture” 28K T 5F AR L., HiF
z e & o CTRAME ST B3 A BRI T OB 4T
% “H” (earing) I L o TiRL T\ 5T b BEHIED
“Cube texture” OREKCHE - T AR L 0°, 90°,
180° 35 L 0270° o “H” Oy EA L T DHEE|EL
T\ Do ZORRI—RICBESL I N2z 7 v 3 =7 B HRIEZD
LA oEFf L LT (100), (001) 2#HF L, ZOfEE
BREREIMTIIC X o CEEE e 5 LT 09, 90°, 180°, k L UF
270° o FE “BH” #FETH SO TH B, hiidimT
TROBENS, RMTTEOEHEDE D DELERDE
SR AR (123), (121) ZHEHIE b ink R4 &

R

il

wgmas RIS IREER Vol 2 (1961) 12.

1

RS A LB B £ LTI OBARELSCH L

T 45°, 135°, 225° %5 1 0t 815° @ “BH” %#FAET HEIC R

BAL CDEE OB TEE Lo L LEIFRD

R — S TR B 1T 7 o 7o A ORI CRERI AR &

25 2 7B A DWW T ORENIMNZ T BEFIS A &;%

A4 B oBRBEY B B2 & LT Coheur,
Lejeane |% 99.5% BEDMELAETH7VI=y 5 T
%1% 235°~300°C i THEFIT B & (236),0875]+ (100),
001+ (100), (110} wEEAHEAEE T 5+ &R L, 500°C
THEI B & L IE Lo FC(100),0001) DFTRE“Cube
texture” PELEAERL T b, X Moritine 3;1%301/)

WCHESIB EEA LI B L “Cube  texture” 2HEdEAITR
LTR D, B /A LR A AL 2 BAFR B B a ki~
T\ Do EHEIME, WETRORMD TV I =Y KIEE
W OBESI 4 78 2 TR X OEBEAMMO (L aBl%
L. SoMicHekdy 2ERE2E-OTE :4)1?.%&%? Do M
= ¢ &5F Kopenal, Parthasaithi & Beck 73 Al-Mn& 4
ERWTHERBORER & b 5 EAMROE/IT DN

TRELZFTEHEOW L B BIEREREL T b,
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2. REBKUERAE

99.9% BEDOME BT H#400kg D7 v I = v RN
He A G Tl L 535°C ¢ 24hr FimE A TR o7
7% 500°C ¢ 200mm 75 10mm yZZETEATT 7
U, RS A < AL LT 0.8mm A B e,
—7% 99.9~99.99% OMEOMELYE T HHBEOT7 VI =
v n 2kg SEMAEEE CEoToe ZNBIRHMO TN
AN ImbD, LImzinnboikabin b 400°CC
20mm 75 6mm T U ARRBEET S < miEEE
LT 0.8mm ot b, BoNEHEBOSEY
Table 1 R L7720

Table 1 Chemical analysis of specimens.

Chemical composition, %
Cu | Fe | Si |Mg |Mn| 2n|cCr
0.007] 0.005
Tr Tr
0.015 0.001
0.17 0.018]
0.08 0.011
0.07 0.008|
0.07 0.011
0.09 0.011
0.22 0.008
0.37 0.008]
0.57 0.008
0.71 0.008]

Specimen

No. Tr
Tr
Tr

0.013

0.003

0.005)

0.006]

0.008

0.002

0.002,

0.002

0.002

0.005
0.001
0.001
0.019
0.008
0.009
0.009
0.010,
0.007
101 0.007,
11 | 0.007]
12 | 0.007,

C C P: Continuous casting process
P M: Permanent mould

2R Lo R % 260~400°C D& IR B CREMAZE 2 T
BEEE L. # DB O B MR L OB GESEROTE
TN o Tne BT AL, BIERTNC R 25
LR MR 4 =+ (Conical dies) L HEREHER
(Cupping test) #{TWFELETH “B” DFELEH AT
BFEEFEE b o THb Lo AT OWTHATH S
Fisc Xigr & - CHREER (Pole figure) %Y Zhic
& OT%EL?”CO

3. EERERLEER

BRCES T v 3 = v AR (99.9%) OBEsiLER LD
BHMEOE(L, XAk EREE & DBIRIC DWTRA
L. 2o#ER% Fig. 1 @Rl BER*ORF L b e,
SEIDERC R Uk 2 OFMIKEBYEHETHY ., &
B/ ENTW DR TTERD I D Tz & 2 FEEERN T/
BT AL TN T & % DRI 90° D AFmD “B” &
VRN X o CHRET BT Th %o Fim Fig. 1 HUR
i 280° ¢ 80min o< MR TSI L 72855
L 45° o “H” MFE AL TR D BT O BT bo
— B D EESIE FE (300°CL 1) CHERE S WA IXEIR O
B -T90° D “B” &#F4& L, XBEMRED AT
NT “B? OB LBALT WD, & 5IBEUROFER M
B L 280°C Im B U THERL L 7o B AL, B/ N IRED
EHCORNTHELTARE L o TWAEIINRINT WD,
Bl kDRI —RI 90° DFAK “B” LT HERS

0.006
Tr
0.005
0.48
0.29
0.51
0.67
0.88
0.08
0.08
0.08
0.08

0.005
Tr
Tr
Tr

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

Tr | 400kg CCP
Tr 2kg PM
Tr 7
Tr ”
Tr 7

Tr ”

Tr 7

Tr ”

Tr ”

Tr 7

Tr ”

Tr 7
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340°

Fig. 1 Change of anisotropy of high-purity aluminium

(99.9%) annealed at various temperature in 30
min.

ME7 VI = REESIC b, RIRIC R TREST U TR fkl
DEE AT % Mo Wi dhhr DR e g3l
45° @ “E BRI X o THEET HEIE o oo THER
DIREETIL 7 v 3 = v nfE—iRie (123), (121) ok
%iﬁ&k?é%émﬁ%ﬁb\co%m@@mgmio
T 45° @ “E p3F43 Ak Aust & Morral, M7 Fic
LoTRaEh, — BB abh/c$EThH b, Fig. 1 1kt
HEIR TR LB A T 45° 0 “B” 213ET%
RRAEBTHNDBN, BLZORE, BECR TSN
FH T Tl b EIEAER 23 » TV TERERIE DWT
OBRFMATELTWD LD L3iUE, EImodne 45°
D “EH” DFEEFEROBIG CTHBRIE N2 2 T DIRE
ERBWTEHMI N7V I =y MEAERLERET LT
BINEMCDOWCHTHERTT - 7zoPhoto. 1 ¥ X U Photo.
2 WEBOBEBBER L XHIC L AEHEEYR Lic, B
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% A ¥ Noobmt Do 3
Photo 1 Structures indicate completmn of recrystalhzatmn
Left; Annealed at 280° in 30 min., this sheet has
45° ears. Right; Annealed at 320° C in 30 min., this

sheet has 90° ears. x100

BT H YD A FREBR T H DR - 720 F DTN
S5 BB CRA B 2N TS AR R sk B B R R D

Ry 7 OB » TWAHEH 5, 280°C, 30min &=
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320°C, 30min 44 THESE L7 b D bl U TG dhir
DR, Photo. 1 s BEEHSE D, T b OHE.
BEHE TV =y ARECRTHREAE LT, Lrd
T RS T A T X o T A A T DR AN BESIURR & FERK
T 5L FHEAR & R UK 45° o “BY A g X 508
TIBETH DEMNME 5700 LA USSR B & RV PG &
BB X CHII R X ef il & 375 & ZO@ME T v 2
= MEHIIRIE 90° DA BT AFLET Ho X—TilR
A IR BEEHEM AR 2 HEIC X - ThEgr DK *
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Fig. 2 Change of anisotropy of high-purity aluminium
(99.99%) annealed at 280° in various time.

Photo. 2 Patterns indicate completion of recrystallization.

The large unstrained grains forming spotty
lines. Left; Annealed at 280°C in 30min., this
sheet has 45° ears. Right; Annealed at 320°C
in 30 min., this sheet has 90° ears.

(a) 0.5 hr. (b) 1 hr.
45° 45° 99°

PRE R ke
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Photo. 3 Change of recrystallized grains and anisotropy of
high-purity aluminium, annealed at 280°C in
various time. The sheets indicated (a) and (b)
have 45° ear. The sheets indicated (c), (d), (e)
and (f) have 90°ear.
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On Bulging-Drawing Combined Formability (Rep. 2)
By Koichi Yoshii

Based on experimental work, attempt has been made to study concerning a few
problem for “Bulging-Drawing Combind Forming”, for the purposes of ascertainment for
the essences of the several formability tests and clearing the mutual connection of them.
Two mean values of tangential logarithmic strain + &mm distributed in shrink and strech
flanging parts, which were described in the previous report, have been used in this study.

The results were as follows.

(1) For a group of press forming by the same tools, the larger blank diameter is,
bulging rate is on the increase at the bulging range, but at deep drawing range the
change of deep drawing rate does not follow simply the change of blank diameter in
size.

(2) It was noticed that the influence of the punch profile expressed by the rate of
punch corner radius to punch stem radious r,/r; upon the rate of forming com-
bination appeared much at the early stage of forming process. In general, as r,/r;
gets near 1.0, bulging rate is on the increase at the both ranges.

(8) There are very differences at the characteristics of forming combinations between
some materials each other.

The difference was found to be related with number of power expressed strain

hardning ratio n, as Fig. 7.

(4) The change of sheet holder pressure in forming combination is similarly in
appearance that of the blank diameter size at bulging range, and that of the punch
profile at deep drawing range.

(5) Showing Fig. 9, the seven formability tests for steel sheet were recognized as for
the suitable ranges of forming.

They are Erichsen Cupping Test, Fukui Conical Cup Test (R), Fukui Conical Cup

Test (F), Swift Cup-Forming Test (R), Fukui Deep Drawing Test (R), Swift Cup-

Forming Test (F) and Fukui Deep Drawing Test (F). (R) and (F) mean using of

round punch or flat punch.

Deep drawing rate is on the increase in order of the description.
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Table 1 Mechanical properties of materials.
Proof

Ultimate

Percentage| Hard-
Material | Stress (strength [ ooiion | ness, Heat
:ro.z/,lrggm UBk%mm2 % Hy treatment
7-3 Bronze 12.5 35.3 62.5 69.9 0.50 500°C x 1hr
Aluminum, 4 4 9.3 42.0 24.3 | 0.27 || 350°C % */chr
Aluminum pp7 | 129 12.6 | 8.8 | 0.13 | 200°Cx/shr

Brow@kig GEESRRTELND BGH o— Mt e x
I EME) A o=C&" TP IEEAEOnEkRDT, n
EEBRMTECRE IR T D, 2B OB A [
TR DBRRE Y E1=133R Y M B8 Lichs, BB I3~
T10tondD = Y 7 & ¥ FEHFEREA R Uiz LichioT
TEGEBREC A BOBET N, &5 WEEDT R
S THEWE U T EA T W5, #FHTEDFELE 2%

Table 2 Punch and die for experiment.

Diameter | Profile radius /
(2ry, 2ry),mm ] (rd, p),mm Tp/T1
Die 35.40 | 3.0
1.5 0.1
5.0 0.3
Punch 33.00 8.0 0.5
12.0 0.7
16.5 1.0
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Table 3 Sheet holder pressure.
Material Sheet holder pressure -
7:3 Bronze ) 1,000 kg
Aluminium-0 200 kg
Aluminium-1/,H 300 kg
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Fig. 2 Experimental result for 7-3 Bronze.
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