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Application of Orowan theory to Hot rolling of Aluminium

Computer control of Hot rolling of Aluminium, I

Hiroshi Kimura

Rolling tests are carried out to confirm if Orowan theory is applicable to hot rolling of

aluminium. In some cases using lubricant, sliding friction with low friction coefficients occurs,

on the other hand in cases without lubricant sticking friction occurs. On the whole, mixed

sliding and sticking friction is dominant in hot rolling of aluminium. For the prediction of

rolling force, precise estimation of rolling temperature is necessary, because temperature fall

during rolling is over 100°C in some cases.

Moreover, precise estimation of mean flow stress

is also necessary, because it has variation over 10 % even for the same materials according to

the small deviation of chemical composition or heating condition in the soaking furnace etc.

By considering the above, the calculated rolling force and forward slip agree well with the

experimental ones with sufficient accuracy.
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Fig. 1 Examples of flow stress Kf to strain ¢ curves.

Table 1 Specimen used in rolling tests.

Material Thickness X Width X Length Yield strength Tensile strength Elongation
(mm) (0.2% offset) (kgf/mm?) (kgf/mm?) (%)
1050 2.0X8.0X500 2.8 7.4 48
3003 2.0X8.0X500 5.4 11.8 39
5052 1.5X8.0X500 10.2 21.5 24

Table 2 Specification of experimental mill.

Roll diameter X Main motor power

Roll surface
roughness (um)

Peripheral speed
of roll (m/min)

Barrel length (mm) (kW)

¢ 155X 250 37

0.35 7~70

Table 3 Rolli

ng conditions.

Material Thickness Reduction in Peripheral speed Temperature
(mm) thickness (%) of roll (m/min) during rolling (°C)
1050 2.0 5 ~50 10 250~ 300
3003 2.0 5 ~50 10 250~ 300
5052 1.5 5 ~50 10 250~ 300
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Table 4 Correction parameter Z.
Thickness X Diameter Temperature during Mean flow. stress at Correction parameter
Material X Numbers of specimen compression test reduction 40%
(mm) (C) (kgf/mm?) (z)
1050 12.0X8.0X1 250 7.6 1.0 (base)
2.0X8.0X6 250 6.5 0.85
2003 12.0X8.0X1 240 10.7 1.0 (base)
2.0X8.0X6 240 10.0 0.93
5052 12.0X8.0X1 190 20.0/ 1.0 (base)
1.5X8.0X8 190 21.0 1.05
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Fig. 6 Relation between mean rolling pressure/mean flow
stress, forward slip and reduction in thickness(1050).
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Fig. 8 Relation between mean rolling pressure/mean flow
stress, forward slip and reduction in thickness(5052).
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Ca Contamination by Filter and Its Effect on Edge
Cracking of Al-Mg Alloy Plates.

by Masahiro Yoshida, Kazuyoshi Oka
and Yasumasa lijima

A ceramic tube filter (rigid porous media) have been widely used in molten metal treatment

because of its excellent filtration efficiency. Impurity contamination, however, could take place

where the filter is in contact with molten metal during long time holding. This paper discribed

calcium and sodium pick-up from a new filter set in the actual casting operation of 5182 alloy
and also described the effect of the contamination on edge cracking of hot rolled sheets. Futher-
more, additional experiments on contamination by the filter and its effect on hot workability

of 5182 alloy were carried out to confirm the nature of these phenomena.

@

@
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The following results were obtained;

Calcium pick-up from the filter set (eighteen tubes per one set) was remarkably occured
during holding in the filter box, increasing up to 100 ppm after 5 hours. Contamination
took place until early several charges after using the new filter set.

Contamination with calcium was observed in case of aluminium magnesium alloy melt, but
not pure aluminium melt. This may be considered as the occurence of a chemical reaction
between magnesium in melt and filter materials contained calcium oxides.

Trace calcium sometimes detected inthe neighborhood of an edge cracking of 5182 hot
rolled sheets, in which case edge crackings took place mostly in the portion corresponding
to the bottom part of the slab. It is reasonable to think that this kind of edge cracking
occured due to calcium contamination by filter.

According to our experiments, the presence of calcium in aluminium magnesium alloy had
a tendency to reduce hot workability, but not so prominent such as sodium. This effect
was repressed by the addition of small amount of bismuth or lead, however, these calcium
behavior on hot-working characteristics was not proved from the results of this experiment.
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Table 1 Chemical compositions of the material.

Chemical composition (wt%)
Alloy

Si Fe Cu | Mn | Mg Cr Zn Ti

5182 | 0.1010.20 | 0.04 | 0.34]4.21|0.02|0.04 ] 0.01
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Y7V RRRL, EHERSOSESBREIC L 5210
R, T 2 IEENE T 4 VS — 1 (BE) T
Hb,

INTANT—IEBREE 2T o — Y LBICOEAL,
$12F v — ¥ (B5EBEHRE TH400ton) F TEH12ED
BRI R R L CGERFERA L2, 2o, RiERD7
ANG—FARPHEFICE 1 F v— LR UEM
THWH Y 7N ERRRL, 74 VDB RS R &S
WEr BB ENFAEL, 8, 1F+x—YDA&7
4NF—ELTTIAIRRT 4 VS —%FRL, 74
g —FEMOEIERICKITTRE LR,

BRSO T N CESG G L D AT - 72,

2.1.2 SBEEROFINRESE

EH L 725182448013, [E& 500mm, (R1000mn T &
D, FrEOLRERRE, BBELICLY), EA4mdD
JEIEML & L7z, JEREYR, ROTEH & HfhofEs B
HWBEL, BENLFEL ZFEERICOVWTE, BN
SR DRI 2T 12, £72, 2O—HDLD
ZonTlE=ey B2 ST F T4 W (MA) G 24TV,
BRI S DFERL UV Z 05 EREL 2,

2.2 BEHER

2.2.1 7409 —m5HD Caid

518284 8EIc BV, v T i v T - Fa—T T 4N
F— R EHELIBAEDT 4 VY —BERERHE & Na, Ca
EHK O BE % Fig. 112577, Fig. 1) 3H/7 40
Il L BELFr— T HOBRTH)H, RIEHEIE
(% BICONTRABIC Ca |mAMUL T35, 5hr D
7 4 VF —tERO Ca &IZ 100 ppm % 2 LiHE - T
BY, LI Ca BFRVELTWB I b5, 7
4 NF— A Ca LML TEY, FBEERE O
FEUTCadEBL 24 D EEZ LMD, NadiEHIL
SEDT 4 NF—TIEMHERI N h » 72,

Fig. 103 L 7 4 V7 —T5182&-4 % 849 120ton %
MFR L 72 0RiEHR D Ca, Na DHEZERT, Ca D
80 —50
70F
60F
50

40
30F

(b) After 120 ton | (c¢) After 400 ton
I treated I treated

® o filter box

& filter inlet

Ca (ppm)

™Y
(=]

O—NOWROT O O
T T

Na {(ppm)

01 2 3450 12 34501 234325
Holding time (hr)
Fig. 1 Relation between impurity elements pick-up and

holding time of the ceramic tube filter in 5182
alloy melt.
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AR 12 Fig. 1) & TR A L T 525 #if4 ~5
hr #1203 20 ppm FBREORE L > T b, —F, B
400ton MEEH @ Fig.1(c) Tid, Ca DEEMIZREH LNT,
SHREERLT T - 72,

B EENBIREN D &, T4 Ly —HEROHBEREE
IFEATRICHE I NA~RA L, SHRERD Ca A 8N
THIE LY D, Fig. 21 38:EHB» LRTICESL T
DT 4 NI —HEERND Ca BmOEILE, T4 VT
B4 EE T TICOWT, $HARBER & DBRIzB W
THRLZLDTHD, BElLFr—obEE3IFr—TF
=7 Fig. 2a)~Fig. 2c) TIZ, LRI Ca BOFE
L WEIATEsD b LTz, FORROGFIEFES, L DOEBIER
MTEILTRLZA, Caldfal &N Talv, 7 4L
F—FEND Ca HYTESIZMRIEF D L NBEBIC L AR
EN, Ca MIZABUCKTL, BIAHEE min TRIBFE
GERILIBEL LS, 45— HD Fig. 2d) Tid,

AN Ca WALIZ DT TH -7, Nald Fig. 1

() [EIBE, FaEMIE 2 b2, Fig. 2e) (2 LT,
TS JRAT 4 NS —DEEETRT, Si02 FER
GETHTTA - 72 TIE Ca, Na DigEAHMYILER
HHNT N,
2.2.2 BMEEHROEEL
THE51824 &M MRIENIC F4 L 2 BH N R IE
wHHEHMHoONE L Fig.3 I2/r7, Fig. 3(a) OEH#EINIZ
100

(a) (d) (e)
'ist charge [ I 4th [Grass cloth
80 HTube filten) L |-filter

e & Trough

o A Filter inlet

cocooe :a,.mtx.m s e

Na (ppm)
N

Sampling points

Fig. 2 Distribution of Ca and Na contents in the trough and
filter inlet during casting operation of 5182 alloy.
((a)~(d):Ceramic tube filter, (e): Glass cloth filter. A:Start, )
B~F: After 2, 10, 20 and 60 min from the start, respectively.

BBEAE LIS L 2L DT, A b DOEE H20
~30mm) VIEEHEN A EHBH 5N B, SINEEE T
TCLNKREETHS L H S, :

HENED Ca, Na HT#ERONE % Fig. 4 2R
T, SEEBRRFOXHTHE, BENI»FEEL Ty
HEB T, IZEFREINICHENCad &< > Tnab,
RETIX Ca DADEL, Na ZIEH R L FRBEET
HY, HUHL T Ca DS LT3 EeM»H 5,
F72, SFILIE Na 29BENVEHL ~L Sppm 2 5
Frasd 0, Nalifblc k aEinssbins, 4B, Mgk
12U ET MDA ERTIE Table 2 ICRT L1, &
R LRAREOSHETH Y, BE 1, HOFEIE
BEETHRNBOBIEIL T h - 72,

Edge

25mm!
Fig. 3 Appearances of hot rolled sheet edges
in 5182 alloy.
((a):Edge cracked )

(b): Free from edge cracking

Edge cracked No edge crack
——

1
x ){G AX B i A Jitl Ex
DE E x Gx *
2088 5 xCng‘—; xB xC Dx |
T 16 I —
[
& // 1
< 12
p=4
- T IO N
© 8 Cal| o |a |mn
Na|l o ja | o /\ /
4 T T /

A B ¢ D E F G H
Analysis points
Fig. 4 Distribution of Ca and Na contents of the edge
cracked and no cracked specimens in hot rolled
5182 alloy sheets (4 mm thick.).

Table 2 Chemical compositions of the edge cracked 5182 hot rolled sheets.

Composition (wt%)
Sepecimen
Si Fe Cu Mn Mg Cr Zn Ti Na Ca
I 0.12 0.17 0.04 0.34 4.11 0.03 0.04 0.0064 0.0001 0.0014
11 0.11 0.18 0.04 0.35 4.13 0.03 0.04 0.0072 0.0007 0.0016
mw 0.11 0.19 0.02 0.35 4.08 0.02 0.04 0.0072 0.0001 0.0001

(1) Free from edge cracking.
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HOFEARERICOWTLRBELERTH D, EH
Elt CallDWTDAEELEIROLNL S HIC

Table 3 Experimental conditions of Ca contamination test.

MR BEERLAR O SR b B (S5  No| Temperature | Metal weight | Filter weight | oy
GHEBIC ARG oA TR EEY LR, T4 s —Il &
BMEEN S\ F v — P THHEN 7, iU, Fig. e 200 % oLe
1,2 ISRT 7 4 L5 — R Y Ca Wil & OB b i o 0 e
st 3 795 1200 80 5182
bR B, 4 750 1200 80 Pure Al
3. B 1B % gﬁ : Table 4 Chemical compositions of impurity elements in test
31 mEE specimens of 5182 alloy.
3.1.1 741059 —H50D CaiBHERE* o Impurity element content (ppm)
BIETIELNT 7 4 VE—n 5D Ca HEHBAGICET Ca Na Pb Bi
LEIBRFEHET A O KRNERSHBOERYIT-72, B 1 <1 1 <1
L4 % Table 3 127”7, 518284 (No1~3) RV ; 5 iy "
99. 7% T NI =74 (Nod) D&~z 1,200g 225
SIF CEGFERL, £T73 97 - Fa—T T4 NG 2 ! 4 u 6
— 80 g ZIRATE, FTERECRIELAZ, 74 VF—FR | 3 8 3 74 12
BRBEOBEMEPRLT A2 (F4mllT) 4 6 6 82 64
RERAL L, RIBEEIZREMNo1 ~ 35700, 760, LS 5 9 25 12 11
I2795°C @ 3 FEFH, B No 4 12 DWW TET50C DAL L7z, s . I 0 5
GAT L T ISR R G R OB AR E24hr 3 T 6 hr
B EICHRRL 72, : 7 9 22 87 10
3.1.2 #EMIBNBET X 8 8 23 71 59
(1) =Bk 9 35 2 9 12
Ca, Na HEOTHMITTEHBIS28E N MM T K 1 I . 0 o1
IITHELRET ALOICLUTOERET-2, %b " ” ; o .
b, 51824 & 2 B I DITTKRAF /Y AFERL, 75
v 7 A X B AL, FHMITEHE £ IERRIL 72, 12 3 8 2 63
B2 DC SaEEEic L D EEE68mm, &2 900m A L o 13 38 18 13 11
MizES L 22, BRI TR ST M TR L LT 14 37 24 8 42
Ca, Na %, F&MITEIUCHS 23MHEIRE LT 15 37 21 82 1
Bi, Pb %A, BMEIT &2 2k#EE LT, ERXE " " ” - -
Li6ic & 0 BT 72,
Table 4 12 £ #H D Ca, Na, Bi, Pb DSHHEEZRT,
S B3 Ca, Na, Bi, Pb 2 28 L TV 51828475 Table 5 Estimation of hot-forging test specimens.
> IMTH B, Nald 7T z , IS i . . .
2 K#EE K% 5, 30ppm, Bi & Pb &L E 1210,
60ppm TH D, TN HIZEBEAETEIML 72, Small | 5m <; - > ©
) cracking
(2) BN TR

HEBOBBIM T 2 TS 5 2001z, SIS
BB 2 EH L 72, BB RBA L Medium <\{ >

s SEIH L 72 E65mn, B S40mRETH B, Rk cracking| °~15mm 10
BTIEIA LS (EHSE) T, WEIX 500°C, s
TREIE35, 453 N255% 0 3T & L 72,

EBIERB ORI, BB e L 2En ok Large | —Lomm 0
ERBERSIT L TiT-72, T4 bbb, Tables I2RT & cracking) >3- 4mm

JICEREENOKREIICN LAY, TosEkKE

10
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DB L BB TE NS 2 RD 2, SRS
oI EINOWERE, B Z0WICIETE L v & Hk

L, BELR, ZOFFSD L08aH24T- T, #Es
M BTSRRI TTR OB % R,

BMEEERFIZEY v FOBEFFEDL LH L 221E6S
mm, JEA15mm, & 100mmod L AT, EEEE500T, FIE
TR 73% (WUE 4mm) G CREEL 72,

BRI R RHI AR I B L 2 HENEBES S
BRI TRl L, Sl Bk R s L 2,

3.2 EEER

3.2.1 74109 —=H60DCaiil

EBBHRETCHOLT I v T - F2—-T 74 N5—Db
7 Ca HHEERFER % Fig. 5 ICRY,

51828 BIBNEEIL, T4 VT — B OB oM
meEbic, BHECa@IHAL T3, CaBRNniE
FETRIBIEEDGBEWIZEE L {, 24hr BDT00T £795C
Tl 2B EDEFEDHLNSE, 72721,795C TIZRIE
FEf 12he TIZITEMICE L TB D, BEE VI &
KERPET T2 L) TH D, BEHE 700T Tld24

70

© 0 @ 5182 Alloy

£ 99.79°Al 735

Ca (ppm)

301

20

10

0 1 1 | |
0 4 8 12 16 20 24

Holding time (hr)
Fig. 5 Contamination of Ca from the immerged filter
fragment specimens in 5182 alloy and 99.7%
Al melts. (melt : 1,200g, filter specimen ; 80g)

No.5

hr T4 Ca mIIMEMT M % L2,

—F, T = LBEEOEAE, CaniEliIky
e, MEBRFELUTTH -7,

INEIIC Al-Mg ABBBEMT NI =7 2BB T
3, 7408 —5D Ca GHREBICHLLLENEDH S
Nz s, Al-Mg A&&F D Mg 7 Ca Ik E L
HELTWD I EPHEI N,

3.2.2 #EMIEH

B E R WS EE % Fig. 6 Ic/RL, B—5%
No.» B EE R B o0 B #R 1 /M % Fig. 7 1277 T,

Fig. 6(a), 1@ 3@ AMiTR 2T L VWRETH Y,
SEOABREH TIIEEERN, BEhowTnddkly
72, Fig. 60)iF Na % &L ~L (25ppm) AT 3 5
No. 5 TH Y, MMILEEIL% TH PHEBNEEEN I FE
L Twv3, Fig. 6(c)it Ca &L ~UL (35ppm) AT 2
No.9 ThH B, ZORAELEEENH»REELTEBY, Ca
WE->THEMMTENEZEL D Z E ERL T3,

Fig. 6 12 BT 2 FEB0EEFIUKIL L, Fig. 71257R
THEHNWRRZLET L, BIBELTWEZ &b
B, EEIBGEE LS R OB EIEAR O BB N & B
L7#HR % Table 6 127”9, NoB~4 £ ToOEHFHE Na
B Ca ZBEL VA, HEVREKEEETLLDT,
FINFERUIMES, HENARELFRES 20w, No b5 LIRIZ
Na®HbwiiCa 2N, H2VIEHEFEETLLH
TEEMICENFALIE, HENEELE - Tw
%, ¥ Nol3 13 Na, Ca & LICEKEORKTHD,
FLBEOERI L > T3,

Table 6 TH 5 72 S BEEI NS &, BEHIT

Fig. 7 Edge surface appearances of hot rolling
test specimens of 5182 alloy.

Fig. 6 Surface appearances of hot forged specimens of 5182 alloy.
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Table 6 Results of hot forging and hot rolling tests
in 5182 alloy.

Index number of hot cracking
No. Reduction (%) Edge. m
Total cracking
35 45 55
B 7 0 0 7 O
1 3 11 167 181 ™
2 0 0 0 0 O
3 2 1 21 24 O
4 0 0 3 3 O
5 136 479 657 1272 )
6 17 172 495 684 @
7 149 485 455 1089 4.}
8 5 25 210 240 ¢)
9 21 278 508 807 q)
10 22 89 523 634 ¢
11 25 45 242 311 ®
12 2 15 147 164 ¢
13 187 496 638 1321 (]
14 120 305 548 973 @
15 96 359 548 1003 )
16 26 301 535 862 D

Y ORNCENC AN I ]
Good Bad

E U BT T EEMTE OB 2 SHHIC L) KDd 2
Y, Table7 ® k5%, 72, HRMTHROMRE
BNFEHEOELEE L TRLINY Fig. 8 TH 5,
BB EEILCH L TR BEEFICHET HDIE Na T
B, 1% THETH 72, Cab4EINEE TIIEMHHE
EeE N BMET B OREREHBY, Z£O%RIS Fig. 8
b bh b EIie NalFEkE (v, Bi BEMED
PEfIC & O SRR EEIN 2GS AR D B, TS
FESEA HLvibiLd Na fifbic i35 Bi oRYIc L 5 )
DrEi bbb, Pbl, TOERTIEHRMEOREMIC &
N SRS 2 ERT 2 IS H D, Bi & R RER
B, Lo L, ZOHERIREIEBIICEDL L) THS,

4. & o

4.1 CaHHBBZIZHOUVT

Fig. 1 % U2 7518244 8E TARH D EKEMRAD W
ok, BAERRENTWE Iy 7 - Fa—
T7 4 N L EERETIC Ca WHEAEZS, ZDCa
BRHBRIE, TROT 4 —F R LAk WIS,

12

Table 7 Analysis of variance for hot cracking in hot
forging tests of 5182 alloy.

Factors S ¢ A\ Fy
A (Ca) 6666720 1 6666720 12.4*
B (Na) 28302400 1 28302400 52.6 **
C (Pb) 4734980 1 4734980 8.8~
D (Bi) 5992700 1 5992700 11.2*
AXB 695556 1 695556 1.3
AXC 376996 1 376996 0.7
AXD 688900 1 688900 1.3
BxC 4096 1 4096 e
B XD 1971220 1 1971220 3.7
CXD 17424 1 17424 —
e 2688020 5 537603 —

»  Denotes significance at 5% level.

*+ Denotes significance at 1% level.
1000 a Ca B Pb
w0 R

£

£ 800 5

©

g o

5 N\ ™

£ 600

G \

3 1

-g 400

=

fo

x

8 200

£

0
0 10 20 30 0 10 20 30 O 20 40 60 0 20 40 60 80

Impurity content (ppm)
Fig. 8- Effect of impurity content on index number of hot

cracking in hot forged specimen of 5182 alloy.

Table 8 Results of Ca contamination test in 5182 alloy
and pure aluminium.

(g/kg-filter)
No. Holding time (hr) T‘imp' Alloy
0 6 12 2 | (C)
1 0 0.09 0.23 0.41 700 5182
2 0 0.45 0.53 0.63 760 5182
3 0 0.36 0.80 0.87 795 5182
4 0 <0.01 | <0.01| 0.01 750 pure Al

+24 b b, HIEEBRTEE T 100ton T THHEETH L,
74 VF —EREEA ML, B8ORS ED
FCalBEBIEAMIC AL B, TN L3 FE. 5T
RL72ESic, ERSHBEOBIER CHMERI NI,
Fig. 5 NfESEH b Ca BEHEE 7 4 NV —HAER (1kg)
e ) el L B 723 D % Table 8 I07R Y, 5182
BEEGBOEA, Cali BRI EHENHE, RIREBEICKE
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SNBDT 4 NF—BTER LY 0.3~09g/kg-filter T

Hb, ZOMEIE, 74 NF—HBEEOWIK, YA Lk
S TCLEL D, B, 74 NF—HIES 0 AR
L2bn&FRL 725, 0. 1g/kg-filter D/INEWETH
272, THUL, YIHL 72y 7 DBEe, FONEE K
GOEESY, NERRDATHEIEHI R 2726Th -
2o BEDT7 4 NI —DBAITIE, BRI CEigs
FEMLTBY, RIGHEIR 2\, Fig. 1 OfEEH 5 E
KBTS CalatHBE2HET 28, 74 NI —FEDCait
B 100ppm, TENEBER Lton, 74 L7 —HBES 171
kg TH 57 5 0.58g/kg—filter & % 1), Table 8 HEHE
BREREFBENMEL k572, #8657, HEERICHW
127 4 WG =R 4 X (FgE dmm) 13RE% L0
EEZLNE, BEBRAENTV2LT I w7« Fa—
TT7ANET—E T 4N —1kgHs72 ) 1 gfEED Ca &
WABBLNDEEL THRW,

B Ca ok > THERENLEEI, S,
T bbLHRERMICHEAT 22 Lok 258, 2oME
HPIL Fig. 2 D#ERBIER (S5 R) & Ca Boily
LHEET DL, 74 NI —HERNHIEE CHOBES
WBIREEZ LN, 20T Hid, BEEEREDES
PSR BEREANC 2 s & v 5 R B S X BIGRAHT & 4
TANT—IrLDEH Ca PEHIICEEBLCh3L0
EEZLND,

Na lZDWCi3, THRE, BHABROVWFIC BV T
LI ar -7z, #-TC, Fig. 41RT L5 7% Na iz
RNT2HENH DB LT 1UE, HEHD Na 57 4 L
F—WTHHE, ¥, BIEL2LorkHL 2o s #
"END,

Fig. 5 TRLZE912, M7 A3 =9 2084801211,
CafbiiizZehr o7, 4T, CaBEHBERICHWTIIR
HFDO Mg & Ca 28FT AWM AE DRI REZ B
Bhbb, it TI 07 -F2—77 4 07 —iF AlOs
BRDOEME N, 25— (BESH D /787 kA, B
MIIAB) 2580 Ca 2 &HT 5 AR 133
A > F—ta Ca0, CaO-Si02 % E¥HEZ LB, 20
RS S BB E ORIGRIC X ) Ca 2P ICHEEET 2
Z TR BD, FORGIEIRIZNE LA Tl L, Ca RillE
L BRAL YR TLRLEETH D, I 7% 286486 C Ca
BHPET B0, ELIEREPLETH B,

T AN —D LEEEL 72 Ca DEST CHOEENEE L
LT, SRERICNA v I —FofahrHtL, Cal 7%
CORACRIT E L TRALZEDEZ LB, ZOH
B, BELIER:, Z05 DBUINMMERS RS L Y
WEHEOBINEE L S L HETEL, 227, &
HCah & BCa & L THFEL T 2 D0d, ey (B
1¥) & LTHEL TH 20D 52ERT 272012, kD
EMEBREZIT-72, Thbb, Cai5yL 72518284 %5
5kgiC Ar-5%Cl IBE& T AT Ar PR #WGAA T Ca

13

Table 9 Removal of Ca by Ar-5%Cl; or Ar fluxing

gasses in 5182 alloy melt. (ppm)

Fluxing time (min)
Gas

0 1 4 7 10 15

Ar-5%Cl, 80 65 59 42 24 10

Ar 92 88 95 — 91 80

(melt weight ; 5kg, gas flow rate; 0.6 ¢/min)

EERET 72, Table 9 ICEBRERELRT, Coh2asg
BT B5EE, WOALERB & L I0E LW Ca Oy
B b, BEFNCakC ARG L THEI NS
EERLTWS, THIZEBLEICEITA0 Na ERL
THBY —F, Ar HADAEDOEE L, Ca BOWKAIITE
EAbahro, L, WMIMEYEET Ca »EE
LTBIUL, Ar P ADATLRIBADOWSE, 5 58
&0, HBRRED Ca MELFIFEENLETHBY fE-
T, 74NE—DLERLL Ca 3 e L THEL
TWwdEEZBLEN L, RERNIZL0.01%NEBEE S
BTBHZEDS, BEFTCREBRRKECHELEL T2 &
E2IFEFRW,

4.2 #EMIBHNICOVT

BAFFEIENUC F 4 U - BE NSS4 Ti%, Fig. 412
RL7AZE I Na v, Ca LI E N, Ca IZEEIF
WigE (Fig. 212BT 57 4 Vg — AJIEBE) 1Ci3fhy
BHSINZWZ b, BARIBBREFDT7 4 Ly —h
LOBEHILLEBLnEEZ B,

Ca RN ERRIEE T BB THERE D726
WHERTGRE L CHATLZ Eobh b, 2L, Cans7
NE =T LB T 2 BBEN L wEBRLAY
(CaCade E)VEERT B LD 6, T =7 2B
LI NBHELTWBED L L, Al-Mg&&loxd
5C a BMOFBIZHT 2 HEIIRERL LT, FET
H DD, FERTHDODEDI TlE v, Ko THR
BEUVHEAEBROERD L, MED Ca OIFFEIZEEM
THICERELRITL, Na b EIELHETED—D L i
WO LNz,

Fig. 9 (%, Fig. 4 T/RL 7 Ca BB [ 0FH A
D2y €2 I TF T4 F—iER % RT, BEEtho
WVREBI L EOFEIUCHLL Twd, 7Lz
TV LAFEHB R OCEENNDT IV = AN D2
CaDTFHEERTHBEESBEINS, 252, BEETR
KIRT E— 7 I3 HIRE O Ca W E2ELL T3
DY, 3WFTTC Ca DFEHIR - X VHRTEL, 20k
5&,%%%Kcaﬁmﬁ%%%EMﬁEwaé:t
b, FRBILEMERRL THBL0EHEIN L,
CEMIDREEIZ TE LD o7z, T, REOEGFE
NTIE, Can BT EIN % BhE T 2 ks 13 g L%
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Fig. 9 Analysis result of Ca by Mapping Analyzer

in the vicinity of an edge crack in hot rolled
5182 alloy sheet.
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Study on Grain Boundary Embrittlement and Its
Prevention in Age-hardenable Aluminium Alloys

by Teruo Uno and Yoshio Baba

High purity age-hardenable aluminium alloys, such as Al-Zn-Mg, Al-Mg-Si and Al-Cu alloys,
often exhibit typical grain boundary embrittlement and low tensile ductility when aged to peak

strength level. The influence of cold work and aging on tensile properties and fracture behaviour

of age-hardenable aluminium alloys has been investigated to improve the ductility of the alloys.

Marked improvement in ductility of coarse grained alloy can be obtained by proper cold work

and aging after solution treatment. Besides, fracture mode changes from brittle intergranular

fracture to ductile dimple-type transgranular fracture. The cause of marked improvement in

ductility is attributed to structural change near grain boundaries, especially prevention of coarse

grain boundary precipitates.
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Table 1 Chemical composition of test alloys.

Chemical composition (wt %)
Alloy
Zn Mg Si Cu Fe Mn Cr Ti Al

Al-6%2Zn-1.5%Mg alloy 5.98 1.47 0.003 0.005 0.005 0.001 0.001 ] 0.004 R

Al-1.0%Si-0.6%Mg alloy 0.001 0.60 0.93 0.007 0.009 0.001 <0.001 0.006 R

Al-1.0%Mg-0.6%Si alloy 0.002 0.98 0.52 0.006 0.006 0.002 <(.001 0.005 R

Al-4.6%Cu alloy 0.002 0.002 0.004 4.6 0.006 0.001 0.001 0.003 R
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(a) Al-6%Zn-1.5%Mg alloy (b) Al-1.0%Si-0.6%Mg alloy

S

(c) Al-1.0%Mg-0.6%Si alloy (d) Al-4.6%Cu alloy

Fig. 1 Microstructures of the test alloys after solution treatment. (<50)
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Fig. 2 Effect of cold work and aging on tensile
properties of Al-6%Zn-1.5%Mg alloy
quenched from 460°C, cold-worked and
aged at 120°C.
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(c) Cold worked by 20% and aged at 120°C for 24 hr.
(X 300)
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(d) Cold worked by 50% and aged at 120°C for 24 hr.
(X500)

Fig. 3 Scanning electron micrographs of fracture surface in Al-6%Zn-1.5%Mg alloy quenched
from 460°C, cold-worked and aged at 120°C.
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Fig. 4 Effect of cold work and aging on tensile
properties of Al-6%7Zn-1.5%Mg alloy
quenched from 460°C, cold-worked and
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aged at 150°C.

(c) Cold worked by 20% and aged at 175°C for 8 hr.
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Effect of cold work and aging on tensile
properties of Al-1.095i-0.6%Mg alloy
quenched from 535°C, cold-worked and

aged at 175°C.
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Fig. 6 Scanning electron micrographs of fracture surface in Al-1.0%Si-0.6%Mg alloy quenched
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from 535°C, cold=worked and aged at 175°C.
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Fig. 7 Effect of cold work and aging on tensile
properties of Al-1.0%Mg-0.6%Si alloy

quenched from 535°C, cold-worked and
aged at 175°C.
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Fig. 8 Effect of cold work and aging on tensile
properties of Al-4.6%Cu alloy quenched
from 530°C, cold-worked and aged at
130°C.
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(¢) Cold worked by 20% and aged at 130°C for 144 hr.
(X 150)

(b) Aged at 130°C for 720 hr. (X5,000)

=27

(d) Cold worked by 50% and aged at 130°C for 24 hr.
(X500)

Fig. 9 Scanning electron micrographs of fracture surface in Al-4.6%Cu alloy quenched
from 530°C, cold-worked and aged at 130°C.

Fig. 10 Microstructure of Al-6%Zn-1.6%Mg alloy
quenched from 460°C, aged at 120°C for 24
hr and tensile deformed by 0.5%. (X100)
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Strained

Fig. 12 Microstructure of Al-6%Zn-1.5%Mg alloy
quenched from 460°C, cold~worked by 50%,

aged at 120°C for 24hr and tensile deformed
by 7%. (X 100)

(b) Aged at 150°C for 16 hr.

X3,000

Fig..13 Transmission electron micrographs of Al-6%
(b) Near the grain boundary crack Zn-1.5% Mg alloy quenched from 460°C and

aged. {X30,000)
Fig. 11 Scanning electron micrographs of Al-6%Zn-1.5%
Mg alloy quenched from 460°C, aged at 120°C for

96 hr and tensile deformed by 0.5%.
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in the matrix Near the grain boundary

() Aged at 150°C for 16 hr.
Fig. 14 Transmission electron micrographs of Al-6%Zn-15%Mg alloy quenched from 460°C, aged and fractured by
stretching. (<10,000)

(@) Col worked by 20% ‘ - o () Cold worked byk SO%
Fig. 15 Transmission electron micrographs of Al-6%Zn-15%Mg alloy quenched from 460°C and cold worked.
(X 30,000)

o

. ,
(a) Cold worked by 20% (o) Cold worked by 50%
Fig. 16 Transmission electron micrographs of Al-6%7Zn-1.5%Mg alloy quenched from 460°C, cold worked and

aged at 120°C for 24 hr. (X40,000)
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(a) Al~1.0%Si-0.6%Mg alloy (<50,000)

(b Al-1.0%Mg-0.6%Si alloy (x30.000)

Fig. 17 Transmission electron micrographs of Al-1.0%Si-0.6%Mg alloy and Al-1.0%Mg-0.6%Si alloy quenched

from 535°C and aged at 175°C for 24 hr.

(a) Al-1.0%Si-0.6%Mg alloy (x40,000)

(b)

Al-1.09Mg-0.6%Si alloy (x30,000)

Fig. 18 Transmission electron micrographs of Al-1.0%Si-0.6% Mg and Al-1.0%Mg-0.6%Si alloy quenched from
535°C, cold worked by 50% and aged at 175°C for 8 hr.

(@ Near the grain boundary (X20,000)

() In the matrix (X100,000)

Fig. 19 Transmission electron micrographs of Al-4.6%Cu alloy quenched from 530°C and aged at 130°C for 720 hr.
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Fig. 20 Transmission electron micrograph of Al-4.6%
Cu alloy quenched from 530°C, cold worked
by 50% and aged at 130°C for 24 hr.
{X30,000)
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of

P/M Al-S1 Binary Alloys.

by Hideo Sano, Kazuhisa Shibue, Shigenori Yamauchi

and Susumu Inumaru

Recently, P/M Al-Si alloys have been being developed for wear resistant applications by rapid

solidification processing. However, the systematic studies on effects of Si content have hardly

been known. In the present work, effects of Si content on the properties of the extruded P/M Al-

Si binary alloys have been investigated in comparison with I/M alloys.

Results obtained were as follows;

ey

Yield strength and tensile strength increased with the Si content. It was considered that

strengthening effect of this alloy might be mainly attributed to grain refining by the addi-

tion of Si.

Strength of P/M alloy increased with the Si content, but strength of I/M casting and ex-

trusion decreased beyond 20%. As a result, strength of P/M alloy was superior to that of

casting beyond 20% of Si content.
3)
(4)

Wear resistance increased with the Si content.
Coefficient of thermal expansion decreased linearly with the Si content.

Above results showed that advantage of P/M alloy was remarkably exhibited beyond 20% of

Si content.
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Estimation of Corrosion Rate of Aluminium

in Tap Water

by Toshiroh Sakaida, Hiroshi Ikeda
and Zen-ichi Tanabe

The influence of water composition units to corrosion rate of commercial pure aluminium
in tap water was examined with the data published by Japan Light Metal Association.

Increasing in electric conductivity, chloride ion, silicate and hardness accelerated corrosion
rate. Influence of sulfate ion was quadratic having minimal point.

The equations to estimate weight loss and pitting rate were developed by multiple regression

analysis. Obtained results are as follows;

W={0.254(Si02) —0.062(CaCO3)}(CI™) — 1.617(SiOz) +0.997(CaCOs) — 5.251
K =0.205(C17)?+{~0.430(S04*~) —0.174(CaCOs3) + 16.341}(CI") +0.238(SO4?")?
—6.850(S0427)—0.214(Si02)? -+ 11.885(Si02) +0.021(CaCOs)? — 107.261

where,

W : weight loss by corrosion (mg/m?-day), K : pitting rate (¢«m/day?®), (Cl): chloride ion
content (ppm), (SO4*") : sulfate ion content (ppm), (SiO2): silicate content (ppm),

(CaCOs3) : hardness (ppm).
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Table 1 Data for the examination.
Testing Weight Pitting Temp. | pH E.C. | D.O. Clz CIm | CaCOsz | SiO: S0~
Mark loss rate
Place (mg/m?-day)| (um/¥day) | (C) | (=) |mS/em)| (ppm) | (opm) | (ppm) | (ppm) | (ppm) | (ppm)

Tokyo  (4) 23.9 140 16.8 7.25 2.22 8.83 1.01 18 65 17 50
B | Tokyo (5) 58.9 104 14.8 6.83 3.57 8.13 0.87 57 76 20 43
Cz | Kawasaki 95.0 111 17.6 7.07 2.50 7.27 0.37 12 74 33 26
D | Tokyo (1) 30.2 74 —— e — —— —— 11 54 18 20
E | Tokyo (3) 111.1 176 17.0 7.03 J— e 0.75 26 213 51 42
F | Kanbara 21.9 55 21.0 7.38 3.13 7.23 0.01 29 139 22 52
G | Nagoya 4.4 7 15.1 6.68 0.73 | 10.15 0.53 5 18 10 9
H | Takaoka 17.8 77 R e E— e B 6 45 18 7
I Yao 185.0 166 14 .4 6.91 2.78 5.53 0.65 29 96 44 12
J Osaka 5.8 35 15.8 6.41 1.64 9.33 1.01 27 59 6 24
K | Sakai (2) 18.9 28 16.6 6.03 1.35 8.43 0.30 15 37 7 20
L | Sakai (1) 48.6 66 16.2 6.44 3.85 8.07 1.53 28 56 14 34
M | Niithama 2.2 10 18.1 6.84 1.32 7.75 0.32 10 54 9 16
N | Tokyo (2) 36.9 53 ——— —_— e — — 43 73 20 42
P Kitakata 47 .4 104 12.3 5.87 R 6.46 0.04 18 41 14 18
Q | Torisu 25.2 91 —— B m— I — 7 26 43 3
R | Sapporo 21.1 53 e i _ — | — 22 70 21 26
S | Susono 1.7 23 —_— - — | — | — 7 46 41 16
T | Shimonoseki 16.3 80 —_— — — | — 12 36 12 12
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OO BEFHREROBINLHOWENC & Y ¥Nv 2 2
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Fig.1 Influence of temperature, pH, dissolved chloride, electric conductivity and
dissolved oxygen to pitting rate.
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Fig. 2 Influence of temperature, pH, dissolved chloride, electric conductivity and
dissolved oxygen to weight loss.

36



Vol. 26 No. 4 WP TOT IV =7 LD EHEDHETE 225
3501 350
300+ 300
250+ 2501
€ 3
g g
~7 S W
£ 200f € 2001 y
o O
8 [&]
E 1501 CaCos NE 1504
3 ]
x £ CaCOsl
‘ K z \\
100 502 \ 100+ \
50F Si02 « 50f Si02
N, ‘ o
cr Ci" v‘
O L SR W YOUN SN SN SRR WS SN SN SV SR SR SN S | 0 1 1 1 1 1 I3 1. 1 1 1
EIACzBPQTHDLFRNJKSMG ] EC2BLPNDOQAFRKHTJGMS
Testing point (Refer to Table 1) Testing point
Fig. 3 Influence of chlorlde,.sﬂmate,. s.ulfate and Fig. 4 Influence of chloride, silicate, sulfate and
carbonate concentration to pitting rate. carbonate concentration to weight loss.
HNS oz, FLAEEATEECRITTHELRIC L 5 &, BIERRE

IS 4 FERS IR EMOBA L) LEKORS DA
VER CHAEEICEE L RITT I LMo TH S,
LA F > DIFFET TR A 4 > & REEA 4 > 2 IRIE
T2 LBAEEHIC S ROME L KIFT I &2, Sverepa®
%, Rowe LR DHCIZREN TV 5, EIRHAB TR
HEE N LD - 728, F2RBBTIIRBKFOWEA F
VEBELREENTYS, FRIC LU 0.07 ppm LT
A LREIN TV AME S D TFg 34 T
LA A, BE, A A OMEERITIHE EEZ
LMD, TABAFEFIITLAE TN bR E &,
pH %BME 5728, AVEELE I L &EES 2K
FTIEMLENTVD, BICHERE & HICHET S L1L
BENFEEZIEL, pH »EVIEAICEDERAIEEICY
B EHIL LTV 108728 Bl £ o > 13, BT
K@%%%ﬁ@?é@%%Tét%ﬂfzowwﬁ%4

F v LU IBAICIRILENREICHE L RITT L H
M3ns,
%:T,ﬁﬁ417%§%X%:,%éﬁ%®5%m

D EDFZENS, MEEET YIS T 5 = KRITHEFIC 7
vy L% BL, Fg. 5-a)-c), Fig.6-a)~c) IRl 72,
FNHIKBWT, BEALVBEZ Sppm LXK H L
%éBﬁﬁﬂﬁ%@—Oﬁﬁﬁﬁﬁ iTW%%Aé
&, MEOBICBHENMMEMI B L2ICROHLN, £D
N R BER ST DWW THE L T 2 & ) 1T H T
2ns,

37

Ko THREED VL 7 LBET X bbb &BEIRLIF &L
AT LT {, 2 LICFDEMIZESRA 4 BEIC
o THAT DI LWL, TH 2, TABRBETY
BEAIIERETH - 22 EHR A £ IBE L OMEFERI X
0 Adrdr otz FIEREEA A > - ERA A VIRERTI,
HEFWERST, G, M, K, J&#8&&7T 5 2KAH
WD AHJE E R A A v BE r OBIcRH LN, &

W iETA £ v BENEMIC L - UG AREH MY 5
@m%%%fﬁﬂﬁouﬂ%@@mi%ﬁLﬁLﬁi&
SEE Tl WA, EEREEARE CLERBRCED LN,

2L, e EENRTHTE Yy MEE—DT—7F
DERPEIERCLTZTOLOTH Y, BEIROMEK
T ABREELATHSLZ LA Fig. 5 7213 6 7 a)
b)) rolErLbRDL, Fiz, BEEA T IREDOR
WMORE NI 2 KAWBRTLFICHELET SG, M, K,
JRFNFNOEZRBERSICBW THERV 7 4 Bk
ErRENHR THEZ L LHLLTHE, Thbb,
Inbd b 3N ) MY EERTH 52 E2HET
LI EIFTELR N,

3.2 EEBHHRE

P bEomiEnmEt s b L ICERERC I VBERED
HERNEH 2 HAT,

BUESRERERVBARECEE L RITTI LR
BB CORE» LB L2 TH 72, L2L, b %2H
RARICBOAT &, REHAHIZ V28, 192 FT0BIEFR



X E & R B #H

October 1985

226
£
/ / T
200 200
/ [ /
C -
. 150 (s . i 5 150 o
1°] N v
T Q206 E 200/ ] 7 1T
= 100 200D L < 100 o
< / M - / 4 / A /’ ﬁ/
x
100 J = 100 O 1 /A 1
50 50 y
K | Q J
W % g ﬁ/s M w L
G G
0 10 20 30 0 10 20 0
Cl- (ppm) Cl (ppm)

Fig. 5-a) Effects of chloride ion and calcium carbonate
concentration on pitting rate.

£
|
wl

/ Q G, A

§150 /J .
_i 60 1
= 100 i v
3 40 /t /R
= S A4
50F 20@ |'/ J
f
0

10 20 30
Ct= (ppm)

Fig. 5-b) Effects of chloride ion and silicate concentration
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Fig. 5-¢) Effects of chloride ion and sulfate ion
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Fig. 6-a) Effects of chloride ion and calcium carborate
concentration on corrosion weight loss.
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on corrosion weight loss.

N
<
(=]

o
o
o

100

W (mg/m?- day)

AN

w
fs=3

\

Cl~ (ppm)

30

on corrosion weight loss.

Fig. 6-¢) Effects of chloride ion and sulfate ion concentration



Vol. 26 No.4

PP THOT IV =7 LD W EDHEE

227

KNI BT~ 80 TORBRERD TN 2 HE- T,
RIFMHE» RO N % b, R bMES RS, L
HIlR s RETH AT, 22 CHEE L AEBEELES
Ax >, WEEA LY, T ABIBERVCLEE CHERL
fer A, BEEIIERA L VIBET, BEEBREIEREL
TABRBETIBU LD EE 2> CHIBTE 2 2 L p
biof, BRERNEIUTOLEII0KE -7,
HEE L KPR & DBIR
E.C.=4.028%107%(CI") +1.498 x 1074
(R?=0.55)
BHEEER & KF RS & DBIG
D.0.=—5.098 X 1072(Si02) +9.052
(R?=0.51)

ZZTEC. . BFZEES /em), DO, BHEEEEE

B (ppm), (CI7) @ 5% A 4 > #E(ppm), (Si02)

4 4 B8 (ppm)

BV B URUR L 2R oS & o RIRIZ90% KD
AEEL 2B LN -7z, U bokids o EREEIT
T LIV s, WEA AR A BIRE TEE
B LBEHFBRROERZ2RETE 2TRMELH b & Hk S
Nz, k-7, ERNICEEE L BAFBRIEOEEED A
FhWwZ Lzl 7z,

FERERICHER S NG KE T A —FITHERA 4 i
B, BREEA A IREE, A BRAE, SWEEN4REICES
w7z, TNHLDERIZFHEICRT LB T, FREN
TR CHEER?S Y, 2 AR LEH2EORF
Lb o EHRMEI N, /2, SRDOT—F THOREK
19THHNT, BIFEITI 2O Z M EHOKIL18
K TH B LEID DL, ULosdyr sEEOETF AR
BEED 2 KE VRO, WHEA A > sho 358
AT DOV TId &2 1 ROFED» 72 b CHEER 2 £ K
LERD LS icEDT,

mFE TR

Y =a(C17) 2+ [5(S0F7) + ¢(Si02)+ d(CaCOs3) + ¢)

-(CIN) + A(SOT7)2 + g(SOF™) + 1(Si02)%+ #(Si0z)
+j(CaCOs)? 4 £(CaCOs)+ ¢

ZIZTY EEHEE, ThbbERBREEAEE (W

&) (mg/m?-day )X FL & HEATHE (Kf# ) (xm/day?),

(CI7) 1 $&FA 4 > BE (ppm), (SOF) : Wilg 4 A >

B (ppm), (SiO2) @ & 4 BEIBEE (ppm), (CaCOs) :

&HEE (ppm)

ERRNBEES L DD RwZ ErEE L, —FHEH
PEMICEREELPH ET 22 L3\ L2 TH B, (5)
ROPICEEREENR LcES LA VWEHLEI N TE
D, BIEHTOHOZEEI L, COEIFFERTH L

RHETHL, £ZT, BLDICETARICEAEI N T
NTCOETHFL, FEOFEICE T TEEDD v
E BT 2 BRI L ) PELEA NI 22, #
DIFEFEHOFEIX, BROBBEEL ¢, BEOHHRE

39

g b BLEE, Flh, ¢, 0.01) EED, 72770,
ZOMEIF ¢, ¢e 1T X DBKELL T 2dTFH 5
ELCEMENIRL, F0bLIZFlh, ¢, 0.01) £
BIC L T80 A FEASUIFERL 72,

BUR AN O % Table 2 1074, FLAMATHEK &
lexf L -Cid (Si02) X (Cl7), (CaCOs) # k< 9 IHA99%
UronfErzEb, FETHET2 & (S0 ) X(Cl),
(SOF7)?, (CI7), (CaCOs3) % K DELEHIPWEETH-1
)5 E B RS AR WAEIC N L TS ok E LEIC
(Si02) X (CI7), (CaCO3)x(CI7), (CaCOs), (Si02) »
4 A% L, EOFEM 2L, (SOF) 12BIY 25418
OYERIZFRE v & A E N7z, Table 2 L EE T 2
EmiE6), (RN TREIN5,

FLE T E O HEE

K=0.205(CI")24+{—0.430(S0%) —0.174(CaCO:s)

+16.341}(CI7)+0.238(S0%7)? — 6.850(S0%")
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Table 2 Results of regression analysis.

K (um/day'/?) W (mg/m?-day)
Const. F Const. F
(CIy 0.205 | 32.45 0.18
(SOF)CIm) | —0.430 | 63.23 0.59
(Si02)(CIN) 0.08 0.254 | 37.39
& | cacoaCr) | —0.174 | 45.30 | —0.062 | 21.77
§ ) 16.341 | 53.48 0.15
£ (S01)R 0.238 | 65.04 0.23
é (50427) —6.850 | 18.33 0.21
:2 (S102)? —0.214 | 31.97 0.11
(Si02) 11.885 | 38.56 | —1.617 5.63
(CaCOs)? 0.021 | 58.08 0.07
(CaCOs) 0.02 0.997 | 11.54
Const ~107.261 —5.251
R? 0.955 0.855
g 21.18 20.64
% N 19 19
&
~ h 9 4
2 9 14
E{¢1, ¢z, 0.01) 9.35 5.04
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Fig. 7 Comparison of calcuration with observed value
for pitting rate.
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Fig. 8 Comparison of calcuration with observed value
for corrosion weight loss.

4. SHEDOHRE

KO ARP CHFEHENEIT LI =T LDHEE
BB OMWBICRET 2 BER2H/ET 2 201Fh
iz, £ L TR Tom &HECET 2 ReBHS M
DBEFBOKRPBERLBTHEETELNZLDT
Hb, L2, SAOBFERITELLDEIZVIY
W, BIZIESERBLT =223 TR, Bida ki
FEREDPFTH 22AHEETH ), SBREVH-N5B
EZHTHDE, FHARBEENTLDErkEdL
Rl h, MZT2ROELZEATLLEYNH - 12h
EOLEMTH S, TLHEEERE 2RSSO 1 ko
TERLLEZDY, TNELTEDLLZEEA EDOLESR, &
FAF EHRL SHSOBOMEEEOEE L ¥4 %%
HIREALH D, RELINERDENHE, ko
M COMAEERIC DT —8EE L 22 n & F 50
DEEL/?’J") 730

EVERIRETIC & AUE S EE RIS L 72EEA 4,
WA+ >, 7 ABBERCEHEEN I »ICEAIGEE
T EDEEEEICERL TWAZ 3L THD, K
BTHoTHMUL ELEGEA AL ORELERTEL W
EENTW B Z 6 DBERZMZ 72 RE D4 128145
SN, FRAETCRTAL 2T — 2 DEAD L EH
A1200P ICBRIEEZ N72h, MBEL X BB L BRI Nz
BMTha, ,

BRI EREOR2 ) RE L, BRELT 2
BT CRBEOER LM TH 5 2 DIC R
HICZ DT, 22T, —FH TIZoMEE), REHH,
SRMABFIC OV THOHEBIIFE 2D S & & iz, =
AEETHHBAREZHEL BROFEGLEET 4
EEB-BRETILENSSL I,



Vol. 26 No.4

WAKPTHT IV =77 LO EHENHEE

1229

5. # El

BEERBHENEMIC L 5 4E LM TOKEKEGEHREBR
R L X0, BEREICRIZTEENE XA —FD
VERIZOWTHREL, ROMRZ/H,
(1) KB T 2A—F D) LEFLEE, EREAL
CMLEE, BRERA 4 M, T ABRIBE, &WHELT EDHE
AR RE BB L BT, HAEEIIERA
R, 7 ABRIBRENCEFEESRLIIEREEE» DY,
BB A 4 B E AR E OIS 3N E R 2 kR
HHEIE A5 b Tz, e L) 3 A DI IZFHEE
BHibdHbEAared3N, 4TERSDIHENIEHRPD
HIH L e,
(2) ERIREMAEEWE(mg/m? day), JLEETHE
EKAE(um/dayl?) 13 hE0 4 Mo O EAL % (ppm) T
LT EEZNFILRDLIICRENS,
W ={0.254(Si02)—0.062(CaCO3)}(CI")
—1.617(Si02) +0.997(CaC03) —5.251

K =0.205(C17)%+{—0.430(S0%") —0.174(CaCOs3)
+16.341HC17)+0.238(S0F7)? —6.850(S0% )
—0.214(Si02)% +11.885(Si02) -+ 0.021(CaC03)?
—107.261

ZabE, FNEFENE25%, £10%DREE TLINHIE
RN BIUIOHELEETEL, Lo TEBNERD
TP TOMAERELHETEDL EALENS, 12121
R LBICII BRI ERET 2 LE»D 5,

BEEEEOHBICIZRILBHEN T W AN E L,
GBI VIEH» OFETREILEENS,

41

1)

10)
11)

12)
13)
14)
15)
16)
17)

18)
19)

20)
21)

22)
23)
24)
25)

SETR
H.P. Godard, W.B. Jepson, M.R. Bothwell, R.T. Kane :
The Corrasion of Light Metal, John Wiley & Sons, (1967),
H.P. Godard : The Canadian Journal of Chemical Engine-
ering, 38, Oct. (1960), 167.
P9 @ B &N, 21, (1972), 51.
3k, HES, FOR AR, 7 (1966), 159,
F.C. Porter, S.E. Hadden : J. Appl. Chem., 3 (1953), 385.
O. Sverepa . Werk. und Korr., 9 (1958), 533.
D.E. Davies : J. Appl. Chem., 9 (1959), 651.
W.A. Bell, H.S. Campbell : Br. Corros. J., 1 (1965), 72,
B, CFH, W, il =5 B4eE, 18 (1968), 530,
RE D ®EE, 23 (1973), 471,
BERBE TAIZTABLIUTILI =T LE8E0KEK
ISR B E A, (1971),
FIE © ARGk, 12 (1971), 197,
B, #%, MK, T B, 13 (1962), 15,
B, #E, FH A, 14 (1963), 16,
W, WO, AE, £48 0 BaBulr, 16 (1965), 153,
e 3k B RS B AP e S ¢ BB, 22 (1971), 106,
G. Marchand, A. Hone : Aluminium Laboratories Limited,
unpublished work, (1950),
P.M. Aziz : Corrosion, 12 (1956), 495t.
EBE, BEN, B #SBAREBEFSEYMESME,
(1970), 23,
P.M. Aziz : Corrosion, 13 (1957), 536,
M. Pourbaix : Atlas of Electrochemical Equilibria in
Aqueous Solutions, Pergamon press, (1966).
L.C. Rowe, M.S. Wolker : Corrosion, 17 (1961), 353.
A BeKk, 18 (1968), 182,
WEER : 84, 18 (1968), 579,
SRR AR, 19 (1969), 108,



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. P-379

e '8

o
E:|

e AL-4 .79 Mg-0.3~1.3%Lie4 o ade*

# ok = = = & = BT

“Fusion-Weldabilities of Al-4.7%Mg-0.3~1.3%Li
Alloys for Fusion-reactor”

by Keizo Namba and Hiromichi Sano

EREERE T EkA LB



Bl A Al-4.7%Mg-0.3~1.3%Li& 4 o it

#

&%

®’OE

= 2 B B

“Fusion-Weldabilities of Al-4.7%Mg-0.3~1.3%Li
Alloys for Fusion-reactor”

by Keizo Namba and Hiromichi Sano

Fusion-weldabilities of Al-4.7% Mg-0.3~1.3% Li alloys, which are developed for fusion-
reactor materials, are investigated under TIG arc and electron beam welding processes.

The results can be summarized as follows:

(1)The TIG weld has a similar weld cracking susceptibility to that of 5083 alloy. Porosities
are remarkably distributed at the toes, but the formation can be prevented by both scarfing
the surface layer and sufficient cleaning action which the arc exerts. The tensile strength in
as-welded joint is higher than 28kgf/mm?,

{(2)The sound electron beam weld with refined structures is easily obtained, though Mg of
welds evaporates during welding to decrease to 80~90% of that in the base metal. However,

the tensile strength is higher than 28kgf/mm2,

. & L & (c

O, Al-4 ~ 5 %Mg- 1 %Li&4&h, HE&3EE DK
& LT, FEBETREO M CIEEE, BB SIEHUL 1550
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THEPTFEEN TS
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THESHICZDETIERIND L 25 5B LinkEEl
W, KAEH e & IS RFRALID 2 OB o, EH
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AL, T L) LBah L ERL ERTIGE S
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, BETE, BZERT, pOBRES T TCOBETH L
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L. —7%, Mg, Lin#FIC & b SHM0MEIRTIC RIT
TR TRIEL,

2. #tEMEBRFE
2.1 4R

BEMIZE S 2m Al-4.7Mg-0.3~1.3LiA4-08
HY, FOUMETEFIERLOBEVE BRI NV,
& aa*iﬁﬂ(%fﬂfh@f’y) 2Zr, CrRUTi7% & 0SB IR & 1
Twd, BB, KEFZAEERII—MOERT LI =
LEEERBETH S,

HEM DBISRIMEY % Table L2 R T,

BEHRE LTI, BH»AI-MgREETH B HL LA
5356BY-92.4mm% f\vs, F 72, &y B0 5
YL TEHBEL -,

2.2 EBRFE

FIRRTIGEBEDO A O iR & M % Table ZL_T@‘
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FiREE L7z, Bk ke, 7a—k—A8BEHiko A
b, ZORETEIT o 72k, Table 21078 L 72 & 542
WD F—FDABDL—L Ffbe, My —nF
LAT - 72,

EBE#NBE D EH&M % Table 3iIc/RT, T 2Tl
ANVE T BEBRTHD,

7B, BB CTADOBE LRI S WIRD A
BIERIBES, FTEsREL, BEERCETVAYT I
AT EL 2,

FEBIT 7 4 v P2 R— TR AIC & 5 EEEIURsE
PhERER, HWIEEO T o —R— NV RERENBE L Z DL
155, EHEER MR B USRI B e LIS DWW T T -
72,

3. X B B R

3.1 TIGEESR

()i UGS

HeEM O BRI NREEO—# £ Fig.Lic /R T,

AR CTHEETEZ2ENES /£—F& X100(%)3,
AN e T B BCITIREDEERE) RUTAS3S6-BY N
&, FNEFNT ~10%R5~20%Th b, Tabb,
A E UL AS356-BY 2 IV B & AS0834-4%
FIEEAFERBOLNLWD, AT b b

Table 1 Tensile properties of base metals.

TOHEFHRLTHCR 2N LN DU 4 5, Snks
HOED LIERERVFREEZ LN BHD, 5124514
DT LETH 5,

Qb —FAE 7o —R— L F 4R

t— FA B O—6 % Fig.21075% ¥, 2 1Lz Table 200 444
L BEBETHD, B— NIZAS3B6-BY &AL T
H5ZEHHoT, FETEHNLE(BEI N WYY, Ik
s IS L 2 K AUk b dsEld bz, T hE
KIRT I 7Ta—R—LEEDHTH D,
RO X #0E B B B K U W 2545 5 0 — 1 % Fig.3
RUMHZFRYT b —FDAEDL—L FTlE, Tu—kh—iL
DRE(E B — F)RbmiBicEdh L TL < HE
LT3, Table 2l 7R L 22l Mi% o — 1Lk %475 &,

(a) Melt-run

Tensile Properties
No. Tensile Yield Elongation, Remarks
strength, gs |strength, go.» ’
(kgf/mm?) | (kgf/mm?) § (%)
Al-4.7Mg
1 29.9 14.1 30 .
-0.3Li1
Al-4.7Mg
2 32.7 17.3 23 Li
~0.811 (b) Welding rod:A5356-BY
Al-4.7M . . .
3 35.7 20.9 20 47 g Fig.1 Appearances of fish-bone cracking test
-1.3Li specimen. {X0.85)
Table 2 TIG welding conditions.
Edge Pass Wzldmg Dlla tofd Weldmtg Wel(;mg Flow rate of Ar gas (//min)
reparation number r(me) ) ?I(‘:I’lll:li)) ) Cuerey SE)ceem) Shield at | Trailing | Backing-
P P torch shield | up shield
Square 1 A5356-BY 2.4 80 12 15 12 12
groove #2.4 é.
Table 3 EB Welding conditions.
Gun-to-work Accelerating Beam Welding
) Pressure .
distance Focus, ay voltage current speed
(mm) (Torr) (KV) (mA) (m/min)
300 5 X107 ~ 1 60 7.5 1
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Surface bead

(a)

(b) Back bead

Fig.2 Appearances of TIG welded joint in
Al-4.7Mg-0.8Li alloy. (X0.5)

as shiel mgfrom tdfch, traiiing and 'ba”ckyihg—up shields

(b)
Fig.3 Effect of shield on blow-holes of TIG welded
joints in Al-4.7Mg-0.8Li alloy. (Xx0.4)
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(i) Ar P AEBREFERTCHOTIGT —27- AKX v b iEHE

1 TorrMIREZER| & 1%, ArF A % 1. lamiC % 5 & THE
L 25 EAF FIciEM 2 EAL, BEEERSAT,
F—F LD ESICAr A A %121/ minfiE L T10secfBTIGT
— 7 ARy FEBERATo 2, ZOOEEREY, X
AP OEA & g L TFig5lcmRT,

BiEsdBERn 7T a—F—NIZIFEASEO LN T (%
255, BRI TIEREKE LTREL D, -7, 7
O — s — AREENEEII B, HHCZORECH B &
EZ LA,

(ii) FEEWHEIL 72 B THTIGHERE

M &2 WA 50. 2mm D2 EIERE L TTIGH B
L 7> 354 oo iS4 ER I T & Fig .61 /R ¥,

0. 2mmEIEI$ 2 = & o & - CFig.6-b)izR”mT L 5z ik
I TN TR — R — T LA EREL B KB, Ly
L, B — MTIE 2 BT T h 5205, Bl 7o —ik
— N SR h%iL(bD%t—bw Tl 7Tu—k
—NVDFEHEED LN TV WD LR TH 5, Fig.b
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(a)

Gas shielding from torch

(b) Gas shielding from torch, trailing and backing

-up shields.

Fig.4 Effect of shield on blow-holes of TIG welded
welded joints in Al-4.7Mg-0.8Li alloy. (X 7)

In Ar chamber

(b)

Fig.5 Effect of welding atmosphere on blow-holes
of TIG spot welds in Al-4.7Mg-0.8Li alloy.

(X5)
& Fig.6-(b)DiEH» &, M2 EL X Ar 7y AFEAT
AREET LS, T — R Ad T WEERrEL NS &

2 LN5H, KAFOBEETE»ZVRETHS, L
L, Fig.6-b)nFEr — FMOKER» L, T—7DEE
YEEIIC &> TA MO L ERAT TL ZOREH LA TE
br#EZ LN5, Fig.b-()»Zzn#ERTHY, Fig.6-(b)
OEBEWROBE L - P ETNAEZTIGT — 710 & -
TEBEIELI L) 7o —hc—ORELF L TE
T3,

-—/\/75‘“%"[/ CRET B, %O)i@%’/‘LﬂJEHI‘%?&?&,

Tk > THERERZ Lo 2BEBETIE 7o —k—
va)%“ééhéiiﬁjjitf‘% B EWbhotz, kb, BETE
HICEREN TS & #E 2 LN 5 LinKE{bekEL

WOREE RATD, TOLEENELN LI -2, &
B, ERESBICKENRNE NS DY, FORMMICK

RENDLLOD, T—27 OHEEERIC k> TESICKRE
ENBehr7Tao—rm—NEELT D DOHTRTH B,
Pl nERIL, Figb-(c)n &l & THEELIT- 72,
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(a) Wire-brushing

(b)

Scarfing (0.2mm machined otf)

(c)

Scarfing and arc cleaning

Fig.6 Effect of surface treatment on blow-holes of
TIG welded joints in Al-4.7Mg-0.8Li alloy.
{(x6)

Fig.7 Macrostructure of TIG welded joint in

Al-4,7Mg-0.8Li alloy. (X5)

(AVEBE D HE

B - 7 o llEn—B 2 Fig. TIomR 4, 2 idde s
DEFEHER RO RBETH L, Bk #E Rk %
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HEEL T3,

O BB — B 2 Fig .8 §, i, &
BB R P BRI D N T AN T
BEMOLERTH L, WHEMICBWT, T FI74 &
WA LB LEFRDLNLY, TNIBEESENE
LR R BURE L E DHET R D126 TH B ),

3.2 EBHEED

t— FABRO—H % Fig.9ioR{, £HEE—F & LEB
BHEBAEOTH—L Y v 7LEAEL TV, Z0IEIE
0.8mmfEETHL, 20, 8Nt K3 bih -7z,
AN 2T D72H0. 3mmBEE LA L, B 0B
BALMA TS, EHCIIENMEZERET 22
& »T, BHICEFOBIEIIRN S,
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Weld Metal

Interface between
base and weld
metals

(a) Welding rod,

A5356-BY

Weld metal

Welding rod,
None
(Melit-run)

Microstructure of TIG welded
joints in Al-4.7Mg-0.8Li alloy.( X55)

Fig.8

(a) Surface bead

(b} Back bead

Fig.9 Appearance of EB welded joint in Al-4.7Mg
-1.3Li alloy. (X10)

TIGEHMICED LN L) HERN T a—FK—)Lid
RELTWLWDT, ZDE» 545 LEBBBIIEMT
Hb, TIITEESEZRT, D, BRIBOBY 4
TN EBEEZLNT VS,
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IFig.10 Microstructure of EB welded joint in %D 18} - B
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Vickers hardness (5kg)

Fig.11 Tensile properties of TIG welded joints in
Al-Mg-Li alloys.

120 |
Welding rod : A5356-BY
100 T
T | e TR A4 7Mg-1 3L
S S l
80 e P
Al-4.7Mg-0.3Li, .-i y A 4 7Mg 0.8Li
60 I
Weld metal
. |
0 60 40 20 0 20 40 60

Distance form center of weld (mm

)

Fig.12 Hardness distributions of TIG welded joints
in Al-4.7Mg-0.3~1.3Li alloys.

Table 4 Contents in weld metal. (wt%)
No. Mg Li
1 4.8 0.19
2 5.0 0.42
3 4.9 0.70

Dilution=45%
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Fig.13 Tensile properties of EB welded joints in Al-Mg-Li alloys.
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Fig.14 MgKa line scanned image of EB welded
joint in Al-4.7Mg-1.3Li alloy.
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Fig.15 Hardness distributions of EB welded joints
in Al-4.7Mg-0.3~1.3Li alloys.
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