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Structure and Properties of a Strip Cast
5182 Aluminium Alloy

Yoshio Watanabe, Tsutomu Moriyama and Teruo Uno

Recently, many studies have been carried out about strip casting process. However, most of

them have been concerned with pure aluminium, Al-—Fe and Al—Mn base alloys. Few of them

have been carried out about Al—High Mg alloy.

In the present study, 5182 aluminium alloy was fabricated by twin roll strip casting process

and evaluation tests were carried out compared with conventional DC casting process.

Although some cast defects inherent to strip casting process were observed, 5182 aluminium
alloy could be sucessfully cast by strip casting process. In addition, these cast defects could be
minimized by the control of cast conditions and heat treatment after casting.

Strip cast coils were cold rolled to 0.3mm thickness sheets for can end stock and evaluated.
Mechanical properties and formability of the sheets by strip casting process were similar to those
by conventional DC process. It was suggested that can end stock could be fabricated by the strip

casting process.

1. #& E

TN =T ARTIN =Y LEEOHRE, —BiC
DC (Direct Cill) $fm:cs it A5 72 HEET
BT EICE - TESNEY, BE, L EEHmm~10
mmEOREHEET 2 HEIV2pERETATL
AD~9 Hunter Engineering &% % Scal 3C " 1o
ShAWo - VIEBREEELZD—D2ThHY, — D
DC# S BFEE A AbE /LT o 2ITHNT,
BHRE TP = 2 VF - HEEMDEL, S VRS
WEOEBED S, HEZORAFIHSEML TV Y,

ID7ueZATE, —Wokbo - VERERSE, £
OREICEE RS LT, B S Hmm~10mmEE O #iK
PNEESEEI NS, MO - VAN LTHVWTL
B1ow, bR o — L SRR Bk L, BRI I

* REBELHEOEEHAE CERIFEL A, - BHE
) TR

** ENIRET 7 o 2 ADTHIER

N 53 (315 WD (R == R SR T A

*xow o FEHSHEOREL o 0w A RFGEER, T4

ST TF vy THEERS NI L, BEBOBEIEE
BDCEHHEHNRTELLRESLS, Lkd T, &
HEE S T, BEEOL VMBS RETE, O
HICBELT, 7= AP Al-Mn REE" 5
Wit Al—Fe ZA4Y 2 BAIESTON TV S,
L L, SEMRRCE T 28EY W<, 8
MEPHEERMEE L TECAE TV S Al-F
Mg B85 W - 1B0 bR EAEIT O,

T, AR TEN 9 — VIEBTIEE T Al-Mg %
D51824 45858 L, T oSS EEEROEEE %
L, DCEHEDEA L L,

2. £ B 7 &

FERRICH V5128 8BEETEM & DCEHERS 7O
{24y % Table 1 iR, BBEEM L Fig. 1 IC/RT
FHROEHRN o — VIEETFER THRIES.S ~7.5mmD /A
B4 vicssE L, DCHMIZESS0mmD 25 7ic &
Lo

FEHENC Fig. 2 RT LRETMIZ2NE =L, %



2 T X 8 £ B & &

January 1992

Tablel Chemical composition of test alloys. (mass%)

Test alloy St Fe Mn Mg Al

Strip cast 5182 0.09 0.26 0.29 4.8 bal.

DC cast 5182 0.12 0.28 0.31 4.5 bal.
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Fig. 1 Schematic diagram of twin roll strip caster.
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Fig. 2 Fabrication process of test sheets.
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Casting direction

(b) Transverse section of edgemark

Fig. 7 Edgemark and edgecrack of strip cast 5182 alloy.

Fig. 8 Centerline segregation of strip cast 5182 alloy.

Microstructure SC image
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Fig. 9 EPMA analysis of centerline segregation of
strip cast 5182 alloy.
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Fig. 10 Effect of homogenization condition on microstructure and Mg concentration of centerline segregation
of strip cast 5182 alloy.
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Fig. 11 Surface streak defect of strip cast 5182 alloy. Fig. 12 Cavities observed in strip cast 5182 alloy.
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Fig. 13 Microstructure of 2mm thickness sheets annealed at 400°C for 1h.
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Table2 Properties of 0.3mm thickness sheets after baking (205°C X 0.3h)

Tensile properties
Tonsile divecti Erichsen value | Earing (45° ~4)
Teat sheet ensie 1rec.t10n Yield strength |Tensile strength| Elongation o
to the rolling ) ) 0 (mm) (%)
direction (N/mm? (N/mm®) (%)
0° 319 392 9
Strip casting 90° 306 388 14 4.5 7.0
45° 298 374 14
0° 309 368 9
DC casting 90° 308 375 10 5.0 5.5
45° 292 359 10
Strip casting DC casting
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Fig. 16 Microstructure of 0.3mm thickness sheets after baking (2057 < 0.3h)
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Heat Transfer Performance of Inner
Grooved Copper Tubes

Yoshio Sato, Tadashi Nosetani, Hiroshi Metoki
Hiroyuki Morita and Yukihide Kito

The recent concern for more compact heat exchanger of room air conditioners is small bore
inner grooved copper tubes of such as Tmm O. D., emerging from 9.52mm O. D,. The authors
formed the smaller bore tubes of 4mm O. D. with various geometries of the inner grooves. The
number of the inner grooves are 29, 40, 50 and 60. The depth of the grooves are 0.lmm and 0.15
mm. The lead angle of grooves ranges from 0 to 23 degree. We studied the heat transfer perform-
ance of 4mm O. D. tubes, compared to that of 7Tmm O. D. inner grooved tube.

(1) Contrary to the lead angle dependency for the heat transfer performance of 7Tmm O. D. tubes
already reported, 4mm O. D. tubes with 0 degree of the lead angle outperformed the tube with
the higher lead angle.

{2) The refrigerant pressure drop of all the grooved tubes was approximately 2096 at the evapo-
ration and 509 at the condensation higher than those of the smooth tube.

(3) The experimental data of the refrigerant pressure drop AP (kPa) of 4mm O. D. and 7mm
O. D. tubes could be presented by equation (1) at the evaporation and equation (2) at the condensa-
AP =0.82X10"°G%d; (*£6%) (1)

AP =1.76x10"* G*d; (*£15%) {2)
where, G is refrigerant mass velocity (kg/m?’) and d; is inner diameter of tube (mm).

tion;

(4) To apply 4mm O. D. grooved tubes to the heat exchanger in stead of 7mm O. D. grooved
tubes, the pass number of distribution for 4mm O. D. tubes may be more than 4 or 5 times that
for Tmm O. D. tubes from both points of the heat transfer coefficient and the pressure drop.

%***
Z****

1. #&

V= b7 ayQERBICBVTIE, BEEEOES) -
POEFH OBED 5, /NL - MBLOBER MW 1 -
TWAEIY, BRB|ITIABEE 7V 7 4 v SRR S
NI BRT7 4 v F a— TESSBRBENEHShTED,

i

* THIREINTIT A, 29 (1990), 233 i EEHR 2 18H%
e BRTTAERT IS B AT

TIRBTIEA G BT FTEs, T+

TR B

wrrx (RSB ARAESS

* kK

* ok kA

i SRR ABER OB EEHIE LT, NEEN
EWBISHEN TS, 56k, Wl 2E 3A%E9.5mm
PERTH7chs, ST 2~3FETHRT~8mm »F
WL ->TE, BERELPMMMETELTEONBR)
RELT, ZRMAC BT 2 EORFR VD W 5 IEKIF D
BAORO 7 « vHIRORESPEHTE S EWEINTL
BY, i, WEYA 2 VAOBE (70 v) BEEO
HIRASFTRE & 72 29, BRI 3N R 4 mm O % #
LIBlaESNTBLOD, NRE D EBEER OF
THEKCHET 27— s OBERMAE T ATV 3,

BE S IAE A mm ONEEM X EEFEL, BIER-



10

B R E & B & W

January 1992

2 DEFK R UBHRZBEE (BN FERRER R O
FohiEsk) KRFTHEBOSEE, RUNHRUESO
B S WTRE Lo $72, CORBREZNARE Tmm O
BAEEEIEL, BESHRBICB T 2/ 4 mm OFEM

XEOHBLEIC O VWTERL 72,
Bl =]
A FEWrERE
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AP : BT8R (Pa]
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Tablel Dimensions of test tubes.

Outer Inner Number Lead Groove | Cross section Wetted
Tube Inner | diameter | diameter groocfv o agr;g })ev::)sf depth Zf‘?)&;:efs perimeter Mark
surface do d; J P h A l
(mm) (mm) ® (mm) (mm?) (mm)
1 8 o
2 29 18 0.74 14.6 A
3 23 ]
_4__ 40 0.09 0.68 16.1 O
_5_ Grooved 4.00 3.40 50 - 0 0.62 17.7 A
6 60 0.55 19.0 i |
___7__~ 50 8 0.62 17.7 ©
8 40 1.05 19.3 2N
9 50 0 015 0.91 22.5 L1
10 | Smooth - - - - 10.7 O
11 | Grooved 7.00 6.40 60 18 0.15 1.64 31.8 -
)
6y %

10
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Fig. 1 Inner surfaces of test tubes.
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Fig. 2 Schematic diagram of experimental apparatus.
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Fig. 3 Detail of test section.

2.3 fHRERtER

RS Table 2 1R, HABALIC B 5 Bl
DETIRCIRE &, HEREEE OB Ic B T 3 fEE
ROHEBEACEBE L e — 7Dl & » THEL
foo Fio, BIEHBOHFE I IFBHRIEEREH V2,

Table2 Test conditions.

Evaporation Condensation
Evaporation pressure (gauge) (MPa) 0.43 -
Condensation pressure (gauge) (MPa) - 1.84
Superheat X) 1 (outlet) 40 (inlet)
Subcool X - 1 (outlet)
Mass velocity of refrigerant (kg/(m? « K)) 100~400
Heat flux KW/m* 11~46
Water flow rate A/h 240
Water temperature €29) 280~300 300~320
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Fig. 4 Experimental results of evaporation heat
transfer coefficients.
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Fig. 5 Effects of /, § and 4 on evaporation heat trnsfer coefficient.
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Fig. 6 Experimental results of condensation heat
transfer coefficients.
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Fig. 7 Effects of J, g and h on condensation heat transfer coefficient.
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Fig. 8 Experimental results of pressure drops.
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Fig. 9 Comparison of evaporation and condensation heat
transfer coefficient between ¢4mm grooved tube
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Table3 Comparison of the heat transfer performance and pressre drop between the heat exchanger
applied ®4mm O.D. grooved tubes (750 X 88 X £0.09) and that applied ¢ 7mm O.D.

tubes (J60X 18X h0.15).

Refrigerant | Refrigerant Evaporation Condensation
Tube outer Tube
. Number of mass flow mass | Heat transfer | Pressure | Heat transfer | Pressure
diameter | . . . length .

(rm) distribution () late velocity coefficient drop coefficient drop
(kg/h) | Ckg/ @) (kW/(m2K)| (kPa)  |(kW/(m®K)|  (kPa)

7 1 4 30 260 7.6 32 3.7 1

1 7 30 920 - - - -

2 3.5 15 460 11.8 165 5.1 58

4 3 2.4 10 310 10.1 58 45 17

4 1.8 8 230 8.6 25 3.8 7

5 14 6 180 7.3 13 3.3 3
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Influence of Material Strength and Thickness on
Buckle Strength of Aluminium Can End Shells

Kiyofumi Ito and Shin Tsuchida

The purpose of this study is to clarify the effect of material properties on buckling pressure of
can end shells. The buckling pressure depends on shell-form, material strength and sheet thicknes.
In this study, 206 size shells with various material strength and panel height were tested. It is
determined that material strength, strain hardening, panel height and sheet thickness affect the
buckling pressure. The buckling pressure P, coud be expressed by the following equation ;

P, (kpa) = 23.88*" Hp*™ 0 /(002 O3)

where, t : Sheet thickness (mm), Hp : Panel hight (mm),
O tm : Mean flow stress (N/mm?) = (002 + 08) .2,
oz : Yield strength (N/mm?®), 05 : Ultimate tensile stress (N/mm?).

And 002/ 0 which means strain hardening factor is recognized to improve the dispersion of

this correlation.
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Tablel Material Strengths.

N Tos ox Ctm [
0.
N/ mm?) (N/mm?) N/ mm?)
1 285 359 322
2 290 363 327
3 293 362 328
4 296 369 333
5 298 359 329
6 307 382 345
7 317 ) 383 350
(1) 0= (0o2+0p)/2
Knockout
A
Punch core
Die core Blanking
punch

I
Panel height H,

Die core post

Fig. 1 Shell die.

Draw pad ]

% |

|
Shell

Internal pressure

Fig. 2 Test method.
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Fig. 3 Buckling forms of shell and ends.
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Fatigue Strength of Spot Welded Joints on
Al—Mg Alloy Sheets for Auto Bodies

Hideo Mizukoshi, Keizo Namba and Hiromichi Sano

With an increase in the automotive applications of Al—4.5Mg—Cu alloy sheets, the fatigue
strength of the spot welded joints has become an important subject. In this report, the influence
of nugget diameter, successive spot welding and oxide film of the base metal on the fatigue prop-

erty of spot welded joints are discussed.

(1) The tensile shear fatigue strength of spot welded joints increased in proportion to the nug-

get diameter.

(2) The acid cleaning of the base metal was fairly useful as a countermeasures to prevent the

degradation of mechanical property of the joints associated with the successive spot welding. The
treatment significantly lowers the electric contact resistance of the Al—4.6Mg—Cu alloy, re-

sulting in improvement of the nugget quality.
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Tablel Mechanical properties of base metals.

Table2 Welding conditions.

0.2% proof
stress
(N/mm?

Tensile ) Fatigue
Elongation

strength
(N/mm?)

strength

¢ (N/mm?

Al-4.5Mg—Cu 127 272 32 7L

SPCC 164 296 50 121

100 T
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™
20 X <y ;Mg
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[ A e~
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o
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Fig. 1 Distribution of oxygen and other main elements near
the surface of Al-4.5Mg-Cu alloy sheets.
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Base metal (¢1.0mm)
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Pressure (kN) Weld 3.14
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Fig. 2 Influence of nugget diameters on tensile shear load of
spot welded joints.

%% Fig. 2 <R T, AR v MEBERFOTEEE A WA
T, 77y MERoOWINEHICEA L, £, BREE
MBEL 72 Al—45Mg —Cu &0 2 & v M FEMFO
SR AMTEREEDCEZOEA LD DI0NKEL,
BREEE I X AT A LA SN, Al—4.5Mg—
Cu A& OFREAMBE I SPCCHRDOIEFIX 1,/ 2T
HoTe

ARy b IEHERETE OEGT A & 5 RS ABIFTE O BI%
% Fig. 31CRT, S00FT S lhAmsic L b, $ED F
F D Al—4.5Mg—Cu &R D5 iR AW 8 13530 %
(KR Uzens, BREEEH O T 34912%1c§ i - 72,
~7, SPCCHRIZ D W T I3HEHIT A I & 25 iRE AW
BOEFRAONED -7,
Plo&aicLTESNIT A Ey FIEBEHRESERIC
HEER L 72,



24 HF KR E ¢ B & R January 1992
6 25
1 Y 7 —J\ ] - R=0.1, f=30Hz, N =107
. / | aspcc
;‘Zg L
g §° i /
T 4 Al-4.5Mg-Cu =g
2 (Acid cleaned) g 15¢ }'L/
& / | S N
© e |
T S0 = 5 10 0 Al-4.5Mg-Cu
§ 7\\0\ 3 s (Acid cleaned)
[ -
ol Al-45Mg-Cu i SN & -
(As received) 05 - O |
- o Al-4.5Mg-Cu
- (As received)
Y 200 400 600 800 ol : — 1 :
3 4 5 6 7 8
Number of welds Nugget diameter (mm)
Fig. 3 Influence of number of welds on tensile shear load of
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Fig. 4 Shape and size of tensile shear fatigue specimen.
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Fig.5 Influence of nugget diameters on fatigue strength of
spot welded joints.
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Fig. 6 Influence of number of welds on fatigue strength of spot

welded joints.
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(b) Fractured

(1) Before welding test

Fig. 8 Sequence of fracture in spot welded
joint during fatigue test.

(b) Number of welds : 700

1mm

(2) After successive spot welding test
Imm Fig. 9 Micro structure of the vertical cross section

_
. . . for spot welded joint during fatigue test.
Fig. 7 Appearance of electrode tips deteriorated

with number of welds.

MRS TH B, Lizdi-T, 4y +ERADIEIEH

3.4 [CHEFOEE PEHEECEEEIRIILTVWEEEZ NS,
WWik D 2 K o b IEERPRE I RBA A% Fig. 8 Al—4.5Mg—Cu &@ K U SPCC D A & » b #EH

i, Wi Y 7 o BEHE Fig. 9 IR T ARy MERRTF WFEOF v b EEROIEPEE BT 5720, F7y
OEFRBICBVTE, 7y MEHRORMICREL FRICFEROR LD O S AAHERE L 7o ¥ - ViR
5 SRPIME R L THIRICE S, %72, D. Radaj mmDEHEFHEHO A7 — Y&+ 7y P RE» 5

5IEEIER AW FEM I X 35 EEEL S, 57y 3 mm~50mmOAIEICI0ERNT L, SRS AW E I
F IR T OIS SIEFRE Ko (= Oamax /0 ws) 1E1.26T 980N & LU 7o,
BHAEHELTVABEY, T TO0 e BEKIGS, 0. . Al—45Mg—Cu A&l KU SPCCHLD X £ » b AR

25



26 T X B & B B R

January 1992

BHFE0, F4 » MRS mm, FEISON KB AHHM
T HHIERREE Fig. 10 1IT/R T, Al—4.5Mg—Cu &4
DORFy M IFERFOS R AMNE I EFRO LI
BREEE DEEN DT IC A S, TFRo T 406
ITid, R OREBIRA SN 5T, Al—4.5Mg—
Cuftio 2 ¥ v FEEERFD, 74y PEEH» 5 3
mmDABICE T 203 A EHI800X10° THY, +4 v
N EER D © OREEEASBEIN T B i o TEBIED L T,
50mmOEEEIC BV TIZHA00X 1078 £ 18 -ty —7,
SPCCHRD VT A F/N& <, Al—4.5Mg—Cu &&HE D
D1,/ 2~1,/3TH-1o

8 HEEAEZ A W T FEM B AT v, 03 &Ml
ERER B LU, HEICh - TR S IRTTARRERE
7o 7 5 5 COSMOS,/ M (HEFHEMEHRE) ZRAHL
foo Fig. 111244 v MEHEOETEIRES, Fig. 121 Al—
4.5Mg—Cu &L O XA v b EEH T RO I5 5
R, +47y blEfETE, Fig. 11icRLA kDI
ERSELCTEY, COEEE Al—4.5Mg—Cu &8
DOFHSPCCH It 5RTKEM -, 72, Fig.12
T4y MRS AERR S S, K OREM I
REME & FIE—8 L Thi,

SRR L ic O3 ATl & Fig. 13 IK/R g, O
ThHedsrry TSSO L OBZRIZRATHE

2000
- Al-4.5Mg-Cu
I O (Acid cleaned)
1500
| O (As received)
(!o"\ L
=4 L
X 1000
£ S
o
3 L
500 R\ T
0 . . . .
0 10 20 30 40 50

Distance from nugget edge (mm)
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Galvanic Corrosion Behavior of the Mild
Steel-Aluminium Alloy Couples Used
in Automotive Applications

Tsutomu Usami, Yoshifumi Hasegawa and Zen-ich Tanabe

The galvanic corrosion behavior of various aluminium alloys coupled to mild steel in a corro-

sive environment was studied by measurments of galvanic current and weight loss. The results

obtained are as follows.

(1) Data from weight loss during a cyclic corrosion test showed 6061 alloy has best corrosion re-

sistance. -

(2) Weight loss of GC45 alloy coupled to electro-coated mild steel was less than one-tenth that of

its alloy coupled to bare mild steel.

(3) Anodizing and chromate converting of aluminium alloy could not prevent galvanic corrosion

effectively. It was more effective for corrosion protection of aluminium alloy to coat mild steel

side.
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Tablel Chemical composition of specimens. (mass%)
Si Fe Cu Mn Mg Cr Zn Ti Al
1050—-0 0.09 0.26 0.02 0.00 0.00 0.00 0.00 0.01 bal.
2014—T6 0.70 0.34 4.34 0.75 0.57 0.02 0.08 0.03 bal.
2036 0.33 0.36 2.40 0.21 0.42 0.04 0.05 0.02 bal.
3003—0 0.24 0.61 0.13 1.06 0.03 0.00 0.04 0.01 bal.
5052—0 0.08 0.25 0.01 0.02 2.59 0.20 0.01 0.01 bal.
5082—0 0.07 0.18 0.03 0.10 4.9 0.06 0.00 0.03 bal.
GC45—-0 0.07 0.08 0.31 0.15 4.08 0.04 0.01 0.03 bal.
6061 —T4 0.62 0.23 0.24 0.06 1.00 0.16 0.03 0.02 bal.
SG12—T4 0.75 0.16 0.62 0.18 0.60 0.00 0.01 0.04 bal.

(1) : After bake hardening at 165°C for 20min and at 140°C for 40min
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v 7Bk, BEBE;UILEEX 2R 2.3 HEYA I NEBERR
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pm iCE SRy
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FIEE S0P TEME L 72, Fig. 3 ISR THEET A 7 VEBETI20v 4 7 VRE L

%, BEBEEZEL /.

Zero-resistance
ammeter

f—40mm-—- - 1mm
Steel specimen Aluminium alloy panel
Aluminium alloy
Plastic lid specimen |
/
’ : f : Plastic bolt and nut
Perforation E
S
= : @
S
=
€
- | ®
3 E
§ Steel panel
50mm 5.0mass%
~—~sodium chloride
solution
- / '
Fig. 2 Configuration of coupled specimen for
Fig. 1 Apparatus used to measure galvanic current. cyclic corrosion test.
Salt spray Drying Moistening Ventilation
35¢C 50T 50C room temperature
982%RH 20~30%RH 95%RH i —
6h 3h 14h 1h

Fig. 3 Cyclic corrosion test procedure.
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Table 2 Maximum pit depths on atuminium alloys
coupled to steel. (um)

alloy at 25°CH at 50°C?
1015 188 293
2036 97 217
5052 493 407
5082 255 255
GC45 219 258
6061 215 101
SGO8 164 210

(1) : Test duration 21days
(2) - Test duration 10days

FERD, A=y 7 BIRIGREKFHORRE &b
/J\é (T >T PHTREFE—EMER L, LL, 25
B 5203644 (Fig.6 (b)) O&FEHEE, BH
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HN= .y 7 BRI, 203664 (Fig.6 (b)) 5000
%EE (©) ) () THEHBTEDHCILBWT, &b
REL, 6000%4e () (9 TRFECHRMLAD SN
7o

TNI=g AGRITBRYBEDOAT- EE (Fig.
6 (), A=y 7EBHRIEEL DT 24, BN
W n ok, AEBELOhi, T8O ki
S oI RERDBE LGS (Fig. 6 () 1Tid, A=y
JBMIZEBEAEFTENE - 1,

25 CHEMPIT BT B8O 4 v — N ORI & &R
TNI=ZYLBEDT ) — A% Fig. 712,
TOTNVI =9 2580 RBA % Table3 12K, 7

Table3 Pitting potential of aluminium alloys in
5.0 mass% sodium chloride solution.

Pitting potential (mV vs SCE)
Alloy
at 25°C at 50°C

1050 —816~ 1777 — 784

2036 —605 —629

5052 —1733 — 716

5082 — 760~ —T752 ~765
GC45 =712~ —704 —736
6061 —T12~~-T711 -805
SG12 —687 ~719
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Fig. 4 Corrosion rates from a 21 days test at 25C in 5.0mass% sodium chloride solution.
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Fig. 5 Corrosion rates from a 10 days test at 50°C in 5.0mass% sodium chloride solution.
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Fig. 7 Cathodic polarization curve of steel and anodic polarization curves of aluminium alloys in 5.0mass%

sodium chloride solution at 25C.
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Fig. 8 Anodic polarization curves after dipping in 5.0mass%

sodium chloride solution at 257C.
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Table4 Weight loss data during cycle corrosion
test. (mg/dm?

Alloy Couple Uncoupie
1050 1521.8 25.8
2014 3316.5 490.0
2036 1909.8 162.9
3003 1735.3 27.9
5052 1028.9 25.2
5082 973.6 32.6

GC45 1197.4 22.7
6061 650.8 194

SG12 1531.3 244

eloZLE 107.2 22.7

GC452 —24.8

GC45% —0.4

: GC45 coupled to coated steel
: Anodized GC45

: Chromated GC45

: Wetht gain
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1992

20386 |

| Chromated GC45

(*) : Aluminium alloy specimen bolted to electro-coated steel

Fig. 9 Appearance of aluminium alloy specimens after cycle corrosion test.
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Effect of Pre-heat Treatment on the
Superplasticity of a 7475 Alloy Sheet

Hideo Yoshida

The effect of pre-heat treatment on the superplastic behavior of 7475 aluminum alloy has been

investigated with special reference to the role of precipitates which are introduced during heat

treatment. Particles which precipitate either during quenching after solutionizing treatment or

during annealing for straightening sheets (below 633K) have no effect on the superplastic prop-

erties because they can easily be solved into the matrix when heated to high temperature. In con-

trast, large particles which have coarsen during long term heating at 673 to 713K accelerate the

cavitation and hence degrade the superplastic ductility. To improve the superplasticity, pre-heat

treatment at 753K for 2h in a salt bath or for 32h in an air furnace before tensile test is effective

because the above large particles are solved and cavitation is inhibited during superplastic defor-

mation.
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Tablel Quenching rate and straightening method of a superplastic 7475 alloy sheet.
Solution . . .
Process Quenching rate Straightening
heat treatment
1 753K ~0.3ks — Water quenching (C10%K/s) - Skin-pass rolling : 0, 3%
2 753K ~0.3ks — Forced air cooling (C10K/s) - Skin-pass rolling : 0, 3%
3 753K —0.3ks — Air cooling (1K/s) - Skin-pass rolling : 0%
4 753K —0.3%ks — Water quenching - Annealing : 473K —1h
5 753K —0.3ks Water quenching - Annealing : 573K —1h
6 753K —0.3ks — Water quenching - Annealing : 633K~ 1h

Fig. 1 As-fabricated microstructure of a superplastic
7475 alloy sheet.
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Fig. 2 Process and conditions of pre-heat treatment

before tention test at 773K.
(WQ : water quenching, AC : air cooling, CR : cold rolling)
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Fig. 3 Effects of quenching rate, skin-pass rolling and holding
time at 773K before tension test on superplastic elongation.
(FAC : forced air cooling)

g I Forced air cooled specimen Holding time
~ 08} from 753K-0.3ks at 773K
= before
& r stretching
S os} o
ot e12
L2 04}t & 2.4ks
8 I T=773K
5 02}
o L
< 0 o .

0 0.5 1.0 1.5

True strain

Fig. 4 Effect of holding time at 773K in a forced air cooled
specimen on cavitation during
deformation at 773K and 2.5x 10471

superplastic
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Fig. 10 Effects of quenching rate and annealing temperature on microstructures at L—LT plane.
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Fig. 11 Effects of quenching rate and annealing temperature on TEM structures at L—LT plane.
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Fig. 12 Effect of pre-heating temperature in a salt bath on cavitation at the strain
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Review on the Corrosion Resistance of
Cupronickel Heat Exchanger Tubes
based on the Service Experiences

Shiro Sato, Koji Nagata and Akio Ogiso

Due to their excellent corrosion resistance, in particular against sea water, cupronickel tubes
have been being used as the tubes for heat exchangers, mainly for sea water cooled heat exchangers
such as the power plant condensers, the oil refinery condensers, the desalination evaporators and
also for the power plant feed water heaters. Based on the investigational reports on copper alloy
heat exchanger tubes filed in Sumitomo Light Metal Ind. for over 35 years, a review has been
made on the corrosion resistance of cupronickel heat exchanger tubes.

Power Plant Condensers :

Clean sea water ; 70 —30 cupronickel tubes have proved excellent corrosion resistance against
clean sea water with and without chlorination, whereas aluminum brass tubes sometimes revealed
insufficient erosion corrosion resistance against chlorinated sea water under non-dosing of fer-
rous ion.

Polluted sea water ; In polluted sea water containing trace of sulfide, 90—10 and 70 —30 cupro-
nickel tubes have often suffered from severe corrosion. As a result of field corrosion tests, it was
infered that cuprohickel as well as aluminum brass was not corrosion resistant against polluted
sea water. This was explained by the nature of inside scale formed, which was brittle, non-adher-
ent, rich in sulfide and active as the cathode for corrosion cell.

Ammoniac alkaline condensate ; 70—30 cupronickel tubes have widely been used as the condens-
er tubes for air removal section of power plant condensers and they have proved excellent resist-
ance to ammoniac alkaline condensate.

Power Plant Feed Water Heaters :

In 1950s, 70—30 cupronickel tubes were generally used for feed water heaters. After about ten
years services, the exfoliation corrosion had gradually become to be observed on the outside sur-
face of 70— 30 cupronickel tubes. The exfoliation corrosion was attributed to the oxidation in-
duced by the repeated start and stop.

Nculear Power Plant Steam Separaters :

Low finned tubes of 90—10 cupronickel have been used in steam separaters of PWR nuclear
power plants and, so far, corrosion problem has never been reported.

NiDI, CDA L#EEEE v » & Y v & “Application ** Howrgear, T4
Technology of Cupronickel” (1991411 H, f -« & ek BN B S TR, T
HRUARRR) Tk e BT AR R S
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Oil Refinery Heat Exchangers :

In oil refinery, the popular types of corrosion of copper alloy condenser tubes are the general

corrosion by sulfide containing sour gas and liquids as the stress corrosion cracking by ammonia.

Cupronickel has shown the immunity to stress corrosion cracking as expected. The hot spot corro-

sion has been observed on 7030 and, less frequently, 90 —10 cupronickel tubes. High temperature

and sulfide pollution of sea water are the important factors to cause the hot spot corrosion.

MSF Desalination Plants :

90— 10 cupronickel and aluminum brass have been regarded as the standard materials for MSF

desalination plants and both alloy tubes have been used satisfactorily in normal operating condi-

tions. For sea water containing sand, 70 —30 cupronickel tubes bearing high iron and manganese

have often been selected and performed well. Once, however, this alloy tubes used in the heat re-

jection evaporators had been corroded prematualy by pitting. As a remedy, removing the pre-ex-

isted film from as manufactured tubes had been made and the results were satisfactory.
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Automation of Alumimium Slab Casting

Norifumi Hayashi

This review describes the automatic casting system for aluminium slabs. The most important

technology in this system is the molten metal level control in the mould. The control apparatus

mainly consists of the level sensor,the actuator and the controller.

The accuracy of the level control almost depends on the accuracy of level sensor. There are many

types of level sensor and Pechiney Aluminium Ltd. has introduced the electrical capacity measure-

ment sensor (accuracy *=0.1mm) and Swiss aluminium Ltd. (Alusuisse) has introduced the eddy

current sensor (approximate accuracy *0.1mm) in the actual plant.

Pechiney and Alusuisse has also developed automatic slab casting sysytem using this level con-

trol technology. It is noteworthy that Alusuisse system covers not only process control area but

also production schedule control area.
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