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Effects of the Tube Spacing and the Fin Root
Angle on the Performances of “Pine A” Tubes

Experimental Study on Characteristics of Aluminum
Heat Exchangers (Rep.1)

by Katsuhiko Hirata and Katsuzi Takeuchi

This study was carried out on integral finned tubes which were machined out of flat
extruded aluminum tubes using the milling machine with a rotary disk for setting tools. The
finned tube is named “Pine A” tube. In this paper, effects of the tube spacing S: and the
angle of fin root ¢ on the performances of “Pine A” tube are experimentally discussed.

The results obtained are as follows;

(1) The tube spacing S: affects not only the heat transfer rate and the pressure drop,
also the overall heat transfer coefficient, and they are inversely proportional to S:.

(2) In case of constant air flow rate, the angle of fin root ¢ does not affect the heat
transfer rate and the overall heat transfer coefficient. But the pressure drop decreases with
the increment of ¢ up to 70°.

(3) Under constant pressure drop, the overall heat transfer coefficient and the heat transfer
rate increase with the increment of ¢, and have the constant values when ¢ ranges from
70° to 80°.

(4) Compared to plate-fin type heat exchanger on equal fin pitch basis, the heat exchanger
made of “Pine A” tubes shows larger values of the overall heat transfer coefficient and the
heat transfer rate per unit volume, and smaller values of the pressure drop per unit depth.
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Fig. 1 Dimensions of “Pine A” tube. Broken Lines

show flat extruded aluminum tube.

Fig. 2 Appearance of Test finned tube
(“Pine A” tube)

m, FEEOHTLEDI 74+ &S Hy 220mm & L,
T4 R EAE ¢ 245, 60, 70 XX 80°, 74
vF Pr % 2.2 3L 2.5mm & U7z, ¥, M UE
SEFEEOMER A1050-F, BiEWL 0.33kg/m, HEHPIR
Wimfik 77.5mm?, EFAEHEEmREL 0.0668m?2/m TH
Do

Tablel 1k, LEEEE %2 W TRIEL 4o 7 Rt
MeRT, C-1, C-2 8L C-3 a7 TEME S 0i¢
ey, C8 arveBlR o 7THD a7 T7 4 ViR
EHEE o OEBRHNI, ok, DY ¢=90° ©
L& bHEBimA C-8 a7 & Uk, COERMEIEY
higz T HYOREEEIC I ) 7 0 v 20 bR Uiz,
Fig3 wiEmz 7 0 162 RS,

4, BB KH &
4.1 SERERE
REE OB IEE 2R T 5¥EE LT, Figd X

O Figh WRTEBZMII T,
DFEN B 400mmDP & 7 MR,
N B

iEOTFEIIL, =R
ML E Y P ROFTE
YEIND 27 OEN B RN S EKOINES X G

L —



Vol. 14 No. 4 RAVABSF 2 — T OURER S X TREBS L7 4 VIR S AEOKE (193)

Tablel Details of heat exchangers* made of “Pine A” integral finned tubes.

No. of core | o1 | c2| o8| cr1| cs] o5 | co| cw | cit | c1u c-8
Method of machining fins Rotary &e&;pgm'
Angle of fin root** p (deg.) 45 \ 60 | 0 | s | 6 | 7 | s | w0
Pitch of fins** P;(mm) 2.2 ‘ 2.5
Height of finned tube** Hr(mm) 24.5 l 25.0 1 25.5 25.0 24.5
Thickness of fin Tr(mm) 0.36 ‘ 0.31 0.33 0.33 0.45 0.51 0.51 0.53 0.30
Heat transfer area on
fin side per unit Ao(m?2/m) 0.337 0.359 0.349 0.330 0.329 0.323 0.317 0.305 0.315
length of tube
Tube spacing across air flow i

S(mm) % « ‘ 50 ’ %

Total heat transfer
area on fin side Ao (m?) 2.05 1.28 1.02 ’ 2.18 2.12 2.01 2.00 1.96 1.93 1.85 1.92
of core i
*The frontal area of each exchanger Fy, is 0.152m? (0.38mx0.40m).
*»xSee Fig. 1.
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Table 2 Comparison between rotary and reciprocating Table 3 Details of plate-fin type heat
type of machining fins. exchangers!?
Type of machining fins Rotary Reciprocating Material Al
No. of exchanger core C-5 C-11 ' C-8 E Thickness Tr{imm) 0.3
Angle of fin root** p(deg.) 70 70 90 Pitch Pr(mm) 2.1 1 3.5 1 5.0
Pitch of fins Pr(mm) 2.2 2.5 2.5 ° Material Cu
Thickness of fin Tr(mm) 0.81 0.51 0.30 E Outer dia Do(mm) 16.0
ol on i gildgm;dujtanfc 132 114 83 Thickness Tu(mm) 08
Q 2h°
2 | eieal/mihe) g | Frontal area Fro(m?) 0.093
g it Aty 270 218 162 = N
§ per uni @0+ Aor(kcal/hoC) < Er‘é?logeﬁﬁ tsri?iréSfer Aor(m®) 5-9 1 360 [ 2.54
E Pressure drop AP(mmAgq) 3.7 3.0 2.0 Depth of core L(m) 76.2>10-3
Total volume of V(m?) 7.00%10-%

*At Ga=5bkg/m?s. wSee Fig. 1.
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Table 4 Comparison between two types of heat exchangers, “Pine A” tubes type and plate-fins and round tubes one.

il

Fin Performance*
Element of pitch Thermal conductance Hea;et;ri%sifteztrate Pressure drop
heat exchanger Py on fin side per unit volume per unit depth
(mm) agp Ratio ao* Aot/ V Ratio AP/L Ratio
(kcal/m*h°C) (%) (kcal/m3h°C) (9% 1 (mmAg/m) (%)
2.2 124 243 67,100 57 142 86
“Pine A" tubes**
2.5 124 243 55,700 130 113 69
2.1 51 100 42,800 100 134 100
Plate-fins
and round 3.5 52 102 26,400 62 112 68
tubes***
5.0 56 110 20,000 47 70 43
*At Ga=5.0kg/m?s. #%g=70°, St=Hf=25mm, L=0.026m. ***See Table 3.
@) FEHRER—EOEHE, 7« VIR LAKOIINT x i

DN TEEE Y b BT R s (e b, T0° DLk
TREMZRT,

@ 74vEyFRAL TV~ b7 v BESREC T
~T, BETRE S L BRI b OB E B I
KE L, BNRTYA ) OEHREDSWEE b 2.

i3, ABRRITE S, AR CHFE RN
W AT BAS TR RBER S 5 I RIRFELF
PRI B BH OB R KT Do

1) e o, PIBERR - AR - e
8.

2)  EAEIEAH  RECTRRERL WGITE 28, (1966), 149.

3) E.E. Wilson : Trans. Amer. Soc. Mech. Eng., 37 (1915) ,
47.

CEEgik, 39-4 (1965),
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A Study on the Springback Intensity
in Circular Arc Bending of Aluminum Sheets

by Hiroshi Kimura

Effects of the specimen thickness, width, temper and the bending radius on the spring-
back intensity in circular arc bending were experimentally investigated and then the spring-
back intensities of aluminum sheets were examined to obtain fundamental data useful for
the practical bending operation.

In addition, the theoretical values of the springback intensities of these sheets calculated
by the strain incremental theory were compared with the experimental ones.

The results obtained are as follows.

(1) The mean springback intensity is reduced with the increase of the specimen thickness and
width, and with the decrease of bending radius and the material hardness, while the deviation
of the local springback intensity along the profile of the tested specimen increases with the
increase of the specimen width and the material hardness.

() The springback intensities of 3xxx, 5xxx series aluminum alloy sheets are larger than
those of 1xxx series sheets and those of 2xxx, 7xxx series sheets are the largest of all.

Some age-hardened 2xxx, 7xxx series sheets have the springback intensities larger than
2.0
(3) The experimental values of the springback intensities of these sheets agree well with the
theoretical ones when the specimen width is rather narrow.

But when the specimen width is broad, the experimental values are a little smaller than
theoretical ones and this shows that the effect of strain path difference during bending on

the stress distribution and the springback intensity must be considered in this case.
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TR 5, EMEBEIZ, 29750 22FA508 10k
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L TFHUR S Y 7 5 RFDEBYBEZHWD, & T
AT, ATV Uy Ny ZREEL T, BEE, Brmaiic
DNTOEWMEERZE D BT, COETS - THiFEo
HEL R FIBIRE AT 2 b T & e UL, V5%

Fig.1 Experimental apparatus.
1: Punch.
2 : Die.
3 : Blank.
4 : Dial gauge indicating the clearance between the
punch and the die.
5 : Oil pressure gauge indicating the bending load.
6 : Sliding guide of the die.

Table 1  General chart of test condition.
A1080P-—H18-H24.0, A1070P—H18-H24-0, Al050P—H18-H24-0
. Al1030P—H18-H24-0, Al100P--H18-H24.0, A3203P—H18-H24-0
Test material A3003P—H18-H24-0, A5052P~-H18- H24.0, A5NO1P—H18-H24-0
A2014P—T6-0, A2017P—T4-0, A2024P—T4-0, AT075P—T46-0
Dimensions Width (mm)* 40, 60, 80
of Length (mm)* 12.5, 25, 100
specimens Thickness (mm)* 0.5, 1.0,
Dimensions
of Bending radius** 35, 50
tools (mm)
i Clearance (mm) *** Thickness, Thickness-0.05, Thickness-0.10, Thickness-0.15
Bending Additional strain **(%) 0, 0.5, 1.0, 1.5, 2.0, 25
condition Punch speed (mm/sec) = 0.2
Lubrication none
*:See Fig. 3

EEE 2

: Vi{(punch radius)+(die radius)}, i. e., the bending radius in the middle of the punch-die clearance.
: Clearance between the punch top and the die bottom measured by the dial gauge 4 in Fig.1.
Additional strain imposed on the specimen in the direction of its width during bending.

—_ 2 —
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Fig.2 Measureing device of the shape of the
tested specimen.
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Fig.4 Effects of width of the specimen on the
local springback intensity fi.
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Fig.5 Effect of the width of the specimen on
the mean springback intensity F and
the deviation of springback intensity D.
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Conditions for calculation of each process Width (mm)
are as follows.
1: Bending radius decreases to 35mm monotonously.
2 : Bending radius decreases to 30mm, then increases 0.8
to 35mm.
3: 7” 20mm, 4 35mm. Fig.9 Effects of thickness of the specimen on the
4: ” 15mm, ” 35mm. local springback intensity fs.
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Fig.10 Effect of the thickness of the specimen on
the mean springback intensity F.
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Table 2 Experimental and calculated springback intensities.

Bending Thickness Width Length
radius (mm) (mm) (mm) (mm)
(@) 35.0 1.0 40.0 70.0
(b) 35.0 1.0 68.0 70.0
Tensile properties Springback intensity
Material Tensile tYieldth Elongation Young’s Strain hardening Experimental Value Calculated
strength Sireng modulus modulus
0.29% offset . (a) b Value
(kg/mm?) (kg/mm?) (%) (kg/mm?) (kg/mm?) a

A1080P—H18 14.9 13.8 6.0 7000 80 1.27 1.16 1.27
H24 11.0 10.6 6.0 s 30 1.17 1.08 1.19

O 6.1 2.1 45.0 7 110 1.04 1.04 1.07
A1070P—H18 17.4 16.2 6.0 7 90 1.30 1.19 1.33
H24 11.8 11.0 8.0 7 20 1.18 1.09 1.20

o] 6.7 2.2 4.0 ” 130 1.05 1.056 1.06
A1050P—H18 16.7 15.4 6.0 7 60 1.29 1.18 1.31
H24 11.6 10.4 17.0 7 70 1.19 1 1.19

[¢] 8.4 2.4 44.0 7 150 1.05 1.06 1.06
A1030P—H18 17.8 16.3 5.0 7 100 1.81 1.20 1.34
H24 12.9 11.5 15.0 7 80 1.24 1.16 1.22

(¢] 8.1 2.9 38.0 7 170 ..1.06 1.07 1.07
A1100P—H18 18.6 17.0 9.0 V 120 1.33 1.22 1.36
H24 13.6 18.1 12.0 7 40 1.24 1.09 1.25

o} 9.5 2.8 37.0 7 170 1.06 1.05 1.07
A3203P—H18 20.5 18.7 6.0 7100 130 1.40 1.27 1.40
H24 16.7 15.7 12.0 v 80 1.25 1.12 1.81

(o} 10.9 3.9 38.0 b 210 1.08 1.04 1.09
A3003P—H18 23.1 21.0 5.0 7 150 1.45 1.33 1.47
H24 14.6 10.1 22.0 v 180 1.21 1.16 1.20

(¢} 12.1 4.5 33.0 7 240 1.09 1.09 1.11
A5052P—H18 31.7 30.6 4.0 7 50 1.76 1.70 1.79
H24 27.2 20.8 10.0 v 10 1.47 1.39 1.44

o 20.9 10.1 28.0 v 70 1.09 1.10 1.19
A5N01P—HI8 18.4 17.3 4.0 2 80 1.36 1.27 1.35
H24 15.7 13.3 8.0 ” 10 1.27 1.22 1.24

0] 11.9 8.6 18.0 7 130 1.16 1.12 1.17
A2014P—T6 50.7 42.4 14.0 7300 300 2.25 2.20 2.40
(e} 18.8 7.5 23.0 7 320 1.18 1.20 1.17
A2017P—T4 44.8 28.4 22.0 z 320 1.60 1.56 1.73
e} 24.0 10.0 23.0 7 350 1.21 1.22 1.22
A2024P—T4 52.0 32.8 23.0 7 410 1.75 1.69 1.94
(e} 22.8 8.7 20.0 7 910 1.20 1.22 1.21
A7075P—T6 56.9 49.9 15.0 s 260 2.73 2.53 2.82
[e] 22.9 9.2 20.0 z 390 1.25 1.23 1.22
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Stress Corrosion Cracking of Commercial
Al-Mg Alloys and Its Prevention.

Yoshio Baba Michiki Hagiwara Junji Hamada

An Extensive study has been undertaken to develope new wrought Al-Mg alloys which
have excellent resistance to corrosion and stress corrosion cracking with high strength. The
stress corrosion properties of Al-4.5%Mg-MnCr (JIS A5083), Al-4.5%Mg-MnCrBi, Al-6%
Mg-MnCrBi and Al-6%Mg-CuZr alloys manufactured under field operations, have been in-
vestigated by the U-bend method in 3.5% NaCl solution at room temperature for one year.

Prolonged aging at 130°C after water-quenching from 400°C, followed by about 30% of
cold reduction, decreases most severely the resistance to stress corrosion of 5083 alloy. On
the contrary, furnace cooling from the solution temperature and warm working at 200~250°C
with 50% reduction in thickness increase the resistance to stress corrosion of 5083 alloy.

A new wrought alloy Al-6%Mg-MnCrBi has superior strength and resistivity to stress
corrosion similar to those of 5083 alloy, while Al-4.5%Mg-MnCrBi alloy has supeior resistance
to stress corrosion with similar strength. The resistance to stress corrosion of Al-6%Mg-CuZr

alloy is slightly inferior to the above-mentioned alloys.

1. #&
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AR E U TRERFH SN TWSED , 372, EHO—A
ik, Al-6~9%Mg &&OMGHEEHNESRHED Cu
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& —BiREEARREAEDT SR Al-Mg e840
HRDZFNT WD,
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ToMRes 5, & S EBAELE, 410°CTorRR s, 150~
250°C CTOWRMELL 5 M ERTOBRMEEL & 257k
5T, BEE1~2mmoOBBT 2 ERU o BRI
400°C < 1hr, K¥y, 268, FISESZIRTOR BT
0,10,33,50% & U7z WEEHIRKELG0, 100, 130, 170 %5 & of
230°C & U, WER)EENE 1hr~180day & U 7=, ZBEZ)
BB EMLT 22 UT, i 10% skin pass »3 &
CURMB R L 2o BEES 1Tmm OB
WTHREBEZHER TS E & e, BEHACH - TESR
180mm, WE25mm i RIEMT U 8%, P 12.5mm ¢
180T L U 7oov — TEBRIT Z N E I 3 ~ 5 % IG I
RHEINEB L U7z BB SR 3.5% NaCl KB
21 HEEML 2o o3, —HMOREHCDOWTH RS & &
BIPRE 38 SRR 2 M 3 5 7o W RIEHHIE 2 &
iz = v 7 v 2 —v80% & i ZR IR 2096 v i A T HE it
WFEE U Ao e & BB S 1770 - 7

Table 1 Chemical compositions of test specimens

Compositions (wt%)

ideniihoy

ldertification Mg | Mo | Cr| Bi| Cul| zr| Fe| si
5083 45 0.60]0.18] —| —| —]o0.17}0.05

Al-4.5Mg-MnCrBi | 4.3 | 0601 0.1510.25| —| — 0718007

Al-6Mg-MuCrBi | 6.0 | 057 009|020 — | —|0.%0 | 0.07

A1-SMg-CuZr 62 = U2 T 0o | 0.18 ] 017 | 0009

3. RE& & &

5083 D I 7 B AL HIAVERRZ M & KB A IV O I I T
i L R DB R 2 Fig LR T, WEEDATOm Ik
JEJTE RN R T, BN RE210% 0 5 33% ik
WRKTDHEZOHEMS RE L LBN, ZREEINTELH
KU THHNEZEIE ST, U A0%TIE33%Icd &

NTEHRD 205 5 TnD, RFB ORI § ISHE
BHINBEZME 2, BYUOBHEINIIZL 6TZD
WD s v, BEHREIR100~170°CT 4 » & d BIhEE
PR L, HHREDENS0CT $ RN EL 25
&I AT B, 230°C DERRMERF L 1AM O
R CIEERIGTEESNZFEL B 5l TRTOHR
BT D WTBEREERE 2 U & 7chs, BIRECORZIEERH
MELEDEEMPEID VKT I8, ksl
EACRB D NIED 512D T, REME U THEETT HH
U bl Fig2 o, 130°CTEEFEEBLIL &
HRlOHRE® Table2 wiR<, 14EMO HETHK £RI5
TVERENZIELE L I8 - 72230°C DM T § & LIk
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Fig.l Effects of cold reduction and aging on the
stress corrosion cracking of 5083 alloy water-
quenched from 400°C, tested by the U-bend
method for one year.

Table2 Tensile properties of 5083 alloy specimens aged at 130°C after cold reduction.

Cold reduction 509 Cold reduction 33% Cold reduction 109 Skin pass 10%* Cold reduction 0%
VRE | gl | et ovngseon gk | el ropon il | Tomle iongnon groof | Tl g p5if | Tttt g
(kg/mme)| ke/mmD| 7 (kg/mm2)] (ke/mm®| (kg/mme)| (kg/mmD| " Ceg/mme)| (ke/mmD| 7 (kg/mm>)| (ke/mm? 7
lhr 32.7~33.3] 40.1~40.4 8~ 9 30.6~30.8 38.2~38.8 10~11 20.5~20.8 33.0~34.1 16~17 27.4~28.1) 34.4~35.5 9~12 16.0~16.4 31.5~32.5 20~21
2 33.7~34.3| 42.2~42.8 8~ 9 31.0~31.7) 38.4~39.9] 9~10 21.2~21.6] 33.6~34.3 16~17 29.3~29.7¢ 35.7~36.4 11~13 . 16.2~16.7) 32.7~34.4 20~21
4 32.6~32.9| 40.3~41.2) 9~10 30.0~30.4[ 38.8~39.1 9~10 21.6~21.9] 34.0~34.6 16~17 29.1~29.4} 35.2~35.5 10~11 16.1~17.0, 32.8~33.1 20~21
7 32.0~32.3| 40.3~41.1 9~19 29.2~29.6; 37.9~38.3 n~12 20.7~21.1 33.2~33.§ 15~17 28.5~28.9| 35.2~35.8 11~12 15.8~16.4] 381.6~33.7| 21~22
18 31.1~31.4| 38.1~38.4 10~11 28.9~29.2( 38.0~38.9 11~12 20.2~20.5 31.9~32.5 16~18 26.9~27.71 32.8~33.3 11~12 16.0~16.3) 30.8~31.1 22~23
2day | 30.8~31.5 41.3~41.6] 10~11 28.5~28.8] 39.2~39.9 n~12 20.0~20.4] 33.3~34.2 17~19 28.1~28.5] 36.1~36.4 11~12 16.2~16.5] 32.4~33.0 20~21
7 29.2~29.8] 39.3~39.8] 9~10 27.2~27.6) 38.5~39.2; 10~11 20.7~21.0] 33.8~34.4 15~16 20.1~30.1} 35.3~35.6 9~10 16.4~16.7] 31.7~33.5) 20~21
30 29.1~29.3| 39.2~39.5! 9~10 26.6~26.9] 37.1~37.4 10~11 18.9~19.2| 33.0~34.8 17~18 28.0~28.3] 34.3~35.2) 13~14 15.9~16.2[ 32.1~32.5 20~22
60 27.6~28.0| 38.3~38.6 8~ 9 26.0~26.3] 36.9~37.3 9~10 18.1~18.5/ 33.7~34.4 16~17 29.9~30.7; 35.4~35.8 10~11 15.1~16.8] 30.0~32.4 18~21

+ skin passed after aging.
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Fig.2 Effect of cold reduction on the tensile properties of 5083 alloy water-quenched from 400°C and aged at
various temperatures for 7 days after the cold rolling
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Fig.3 Effects of quenching rate and cold reduction
on the stress corrosion cracking of 5083 alloy
quenched from 400°C and aged at 130°C after

the cold rolling,

method for one year.
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Figd Effects of quenching rate and cold reduction on the tensile properties of 5083 alloy quenched from

400°C and aged at 130°C for 7 days after the cold rolling.
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Table3 Effects of working temperature and reduction on the stress corrosion cracking of 5083 alloy aged
at 130°C for 30 days
Reduction and No. of specimens
Working temperature 10% 339 509
Unfailed l Failed Unfailed Failed Unfailed Failed
Room temp. § 0 g 5 0 5 0 5
150°C i 1 4 0 5 1 4
200°C } 1 4 1 4 5 0
250°C 1 1 4 1 4 5 0
Room temp- 150°C 200°C 7 250°C
g 40 '
E/N‘\ UB
ZE '
CD\
B ™ 30 - — o
X ) ) )
£e 052
o
g0 o0 - - =
weg
@vh
v X9
s 22 10 - — —
- O L)
] ] ! | | i | 1
10 33 50 10 33 50 10 33 50 10 33 50

Reduction (%)

Fig.5
30 days.

BTGB, 200~250°CTH0% BN Ul B D & 1 4R
OB b RRENBTEL B -7 ENETHNOERD
BliEHEE R Figh wWRTR, €8N %E £V -7l
BloOMmBERE CRBREBIRD B EWI T L3, L
HEMIED DL Y FBEBIEEN -

T, o%¥ Bi, Cu, Zr 2 EOWEITCHERRIML oH
LWE &4 & 508364 & O 5 G E i
% Wl iiEd U 7zo Tabled iX& & &0 50mmEHE FEER
o BlREERE® N7
5083 R LR TW5HA, Al-6Mg RERDIIXHE
B, otE Al ~2HEWEERLTWD, TRHRE
&% lmmE CHRETES, 400°C CEd ML, 130°C
TR U AR 2 1RGSR U oRiR 2 Tableb
wiRT, 5083k & ¢f Bl Ab ARSI AN ELEL 2
Do too Al-6Mg-CuZr &8 130°C ¢ 2 HHEIREZ L

Effects of working temperature and reduction on the tensile properties of 5083 alloy aged at 130°C for

U7 b O TSN 2 T84 U 20 » 7oy, EHGNERK S
130°C 7 BREBL 72 § DD AIGEHEAREINSET 1,
Bi AVEEEoOWT, 5B EIB0CRs T Bk
B OB R U bR 25083 44 L WL L T Fig.6
R T, Al-6Mg-MnCrBi &< i Bl Hik
5083 A& L RIS TH Y, Al-4.5Mg-MnCrBi &80
FRIZEANCT SN DTHEDL L ERWLENTH B,

Tabled Tensile properties of hot rolled plates

(thickness : 50mm)

| - R -
Alloy identification| 0-2% Deoot i ;‘Z?é‘f,‘gl?h E“’“g/a“‘m
‘ (kg/mm?) (kg/mm?) o
5083 13.5~15.5 30.0~32.5 20~30
Al-4.5Mg-MnCrBi 13.5~15.5 30.0~32.5 20~30
Al-6Mg-MnCrBi 16.5~18.5 33.5~36.0 22~32
i Al-5Mg~CuZr 14.5~16.5 32.0~34.0 23~33

Table5 Effects of Mg contents and additional elements on the stress corrosion cracking of Al-Mg alloy
cooled from 400°C at various rates and aged at 130°C for 7 days

Cooling rates and No. of specimens
Alloy identification Water-quenched 10°C/min ‘ €0°C/hr
Unfailed Failed Unfailed Failed l Unfailed Failed
77777 5083 5 0 5 0 0
Al-4.5Mg-MnCrBi 5 0 5 0 5 0
Al-6Mg-MnCrBi 5 0 5 0 5 0
Al-6Mg-CuZr 35 2(0) 5 0 5 0

( Y=Aging at 130°C for 2 days
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Fig.6 Effects of cold reduction and aging time on
the stress corrosion cracking of Al-4.5%
Mg-MnCrBi and Al-6%Mg-MnCrBi alloys
water-quenched from 400°C, cold rolled and
aged at 130°C, tested by the U-bend method
for one year.
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DL ERWENTH D, 508344 DI A SR
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Fig.7 Thin foil electron microstructures of 5083
alloy (a) water - quenched from 400°C and
(b) aged at 130°C for 30 days.
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Fig.8 Effect of cold reduction on the prolonged
isothermal aging at 130°C for 5083 alloy
water-quenched from 400°C.

Table§ Tensile properties of Imm thick sheets of Al-4.5Mg-MnCrBi and Al-6MgMnCrBi alloys water-
quenched from 400°C and aged at 130°C for 7 days after cold rolling.

Al-4.5Mg-MnCrBi Al-6Mg-MnCrBi |
Cold ti

¢ rg/aduc ion 0.29% proof Tensile Elongation 0.2% proof Tensile Elongation l
stress (kg/mm?)| strength (kg/mm?) (%) stress (kg/mm?)| strength (kg/mm?) (%) [
0 15.4 32.5 | 22 17.5 36.0 23 |

10 21.9 33.7 16 22.7 38.4 18

33 26.6 38.4 12 28.2 43.5 13

50 30.2 39.4 10 31.0 44.8 11
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Fig.9 Microstructures of 5083 alloy warm-worked
(2)33% and (b)50% at 250°C followed by the
aging at 130°C for 30 days.

Fig.d0 Thin foil electron microstructure of 5083
alloy furnace-cooled from 400°C.
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Fig.ll Microstructures of Al-6%Mg-MnCrBi
alloy water-quenched from 400°C and
cold rolled 33%. (a)Non etching, (bjEtching.
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Field Corrosion Test on Piping Materials
in a Cargo Oil Tanker

by Shiro Sato, Kiyoji Sagisaka

Regarding the corrosion problems experienced on. aluminium brass pipe lines for con-
trolling the valves of cargo oil tankers, the field corrosion tests which consisted of the
exposure test and siress corrosion test have been made for two years in a cargo oil tanker
carrving the crude oil from the Mid East. The specimens used in this test were prepared
from copper , copper alloys including Albrac (modified aluminium brass), 90-10 cupronickel,
70-30 cupronickel, AP-1 bronze and AP-2 bronze, nickel-copper alloy (Monel) and 18-8

stainless steel.

They were exposed in the gas space and in the liquid zone, top and bottom of the tank

respectively.

Test results revealed the following features:;
(1) The specimens were covered by massive black scale.
(2) More severe corrosion and more scale formation were noticed on specimens exposed in

gas space than on those in liquid zone.

(3) Copper, copper alloys and nickel copper alloys suffered general corrosion of alligator
type. Furthermore, Albrac, AP-1 and AP-2 bronze suffered intergranular corrosion. On the
contrary, 18-8 stainless steel suffered pitting attack.

(4) Maximum depth of corrosion attack was as follows on the specimens exposed in gas

space . deoxidized copper 1.09mm,

Albrac 0.41mm,

90-10 cupronickel 0.6lmm, 70-30

cupronickel 0.64mm, AP-1 bronze 0.36mm, AP-2 bronze 0.50mm, nickel copper alloy 0.55mm

and 18-8 stainless steel 1.09mm.

(5) In case of copper, copper alloys and nickelcopper alloy, sulfide in the crude was sug-
gested to be the most important corrosive substance because not only much sulfide was
found in the scale by chemical analysis but also formation of cuprous sulfide (CusS) was
detected as the main corrosion product by X ray analysis of scale.

(6) From the stress corrosion test, the susceptibility to stress corrosion cracking in the
environment of cargo tank was noticed on Albrac and 18-8 stainless steel.

() From the fact that the specimen holders made from titanium showed no sign of corrosion,
titanium is considered to be immune to the corrosion in this application.
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(a) Pipe surface

%100

(b) Cross section

Fig.1 ~Stress corrosion cracking of Albrac pipe used in
the gas space of a cargo oil tank controlling
valve after about two years of service.
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Table 1 Chemical compositions of specimens. (wt.%)
Material r Cu 1 P l Fe 1 Pb ] Zn I Al [ Si ‘ As } Ni ] Mn ‘ Sn ¥ Cr ] C
Deoxidized Copper 99.95 | 0.018 | <0.01 | <0.01 - — - - - - — - -
Albrac ! =
(Aluminivm Brass) 78.15 ] — 0.01 <0.01 R 2.02 | 0.25 0.05 - - - - —
90-10 Cupronickel R - 1.45 <0.01 — — — — 9.95 0.70 — — —
70-30 Cupronickel R — 0.60 <0.01 — — - —_ 30.50 0.65 — —_ —
Nickel Copper - —
Aoy 8.5 | — | L20 | <0.00 - | = |Jou - R 0.95 0.10
AP-1 Bronze R — <0.01 <0.01 — 1.1 0.1 — — —_ 6.1 — —
AP-1 Bronze R — <0.01 <0.01 — 1.1 0.1 — — — 8.0 e —
18-8 Stainless
Steel — - R - — — — — 8.90 — — 18.70 0.04
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Controlling  (Top of tank)
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Fig.2 Set positions of specimens in a cargo oil tanker

specimens and specimen holder for the
corrosion test (non stressed condition).
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Table 2 Mechanical properties and applied stress by bending of specimens for stress corrosion test.

M al Treat Mechanical properties Ap%lied_stress

ateria reatment Tensile strength Yield strength ~Elongation~ byq:;}%;lgz)
(kg/mm?) (kg/mm?) (%)

Deoxidized Copper Cold drawn 37.5% 36.1 35.4 7 33.8~36.4
Albrac 7 63.3 57.7 9 45.5~46.5
90-10 Cupronickel K4 51.8 49.9 7 41.1~42.9
70-30 Cupronickel 7 59.5 57.0 8 41.7~42.4
Nickel Copper Alloy a 76.1 73.2 8 43.1~43.7
AP-1 Bronze 7 70.3 64.4 11 47.5~48.7
AP-2 Bronze 7 74.7 68.3 11 49.1~49.9
18-8 Stainless Steel — - — — 61.0~62.2
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TFig.5 Micro structure of the tested specimens in the gas space of a cargo oil tank. (x100)
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Table 3 Result of the corrosion tests in a cargo oil tank for about two years.
Posiotfion Material Quantity of scale . Weight of corrosion 10§s A Maximum depth of corrosion pits
specimens 2B o) | ey SR R e I Ve looqian | Rafio 2t | mm)*
Deoxidized Copper {101.6, 195.9] 148.8 4.8 200.0, 217.21 208.6 3.2 1.08, 1.09 1.09 1 2.4 1.08
'g Albrac 90.7, 96.2 93.4 1.0 121.1, 160.7} 140.9 1.1 0.41, 0.40 0.41 1.2 0.37
% 90-10 Cupronickel [136.9, 171.0] 154.0 2.6 189.1, 201.0; 195.1 1.5 0.61, 0.¢0 0.61 1.2 0.64
8‘ ~ 70-30 Cupronickel 70.4~161.6, 116.1 2.1 177.6~218.1  196.2 1.6 0.39~0.64 0.47 1.5 0.51
E\:: s Nickel Copper Alloy| 61.4, 135.5 98.5 2.7 83.4, 116.3 99.8 1.0 0.55, 0.41 0.48 1.7 0.58
,'é AP-1 Bronze 153.1, 189.6] 171.4 2.1 173.9, 199.5, 186.7 1.7 0.36, 0.33 0.35 1.3 —_
a AP-2 Bronze 92.1~193.7, 139.7 2.0 162.8~209.6] 184.8 1.7 0.30~0.50 0.41 1.6 -
° 18-8 Stainless Steel {145.5, 157.3] 151.4 1.9 66.6, €8.5 67.6 1.4 1.02, 1.09 1.06 1.4 0.81
) Deoxidized Copper | 26.1, 36.3 31.2 - 60.0, 60.4 €0.2 - 0.39, 0.50 0.45 — -
§ Albrac 78.9, 120.4 99.6 - 111.8, 157.4] 134.6 — 0.33, 0.35 0.35 — -
;. 90-10 Cupronickel 57.3, 60.5 ) 58-9 — 125.3, 135.9] 130.6 — 0.47, 0.51 0.49 — —
§ a 70-30 Cupronickel 41.5~64.1 54.9 — 120.7~128.1  125.1 - — 0.26~0.28 0.31 - e
T 7 Nickel Copper Alloy | 29.4, 43.2 36.3 — 95.2, 96.3 95.8 - 0.28 0-28 — —
§ AP-1 Bronze 77.6, 87.7 82.6 — 107.2, 111.0} 109.1 — 0.24, 0.27 0.26 — —
:§‘ AP-2 Bronze 60.8 ~75.7 69.2 — 103.0~117.6] 107.5 — 0.24~0.29 0.26 o —
A 18-8 Stainless Steel | 76.5, 84.6 80.5 — 48.3, 49.3 48.8 — 0.53, 0.94 0.74 e .

* Referential data of analogous test by Gilbert,®> original data on maximum depth of attack were converted into similar unit

to our test data, mm/2year.
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Fig.6 Specimens and specimen holder for the stress
corrosion test (stressed condition).
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Fig.7 Stress corrosion cracking of Albrac and 18-8 stainless steel stressed by bending and exposed for about

two years in the gas space of a cargo oil tank.
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Table 4 Determination of scale, weight loss and corrosion depth of the specimens for the stress corrosion
tests in a cargo oil tank for about two years.
Posiotion Material Quantity of. scale Weight of corrosion loss Depth of corrosion pits
specimens (e | msy| Kot | Ranee, (ot | Ko tanes N | Ragot

Deoxidized Copper 105.1, 172.0 139.0 5.0 148.9, 199.0 l 174.0 2.6 0.53, 0.39 0.46 1.8
% Albrac €0.1, 94.5 77.3 1.0 117.9, 124.8 122.3 1.2~ 0.32, 0.34 0.33 1.7
:z 60-10 Cupronickel 50.7, 108.5 79.6 2.5 152.2, 155.4 153.8 1.9 0.23, 0.36 0.31 1.2
g' . 70-30 Cuprouickel 112.9~124.8 117.5 3.4 117.8~138.3 129.3 1.5 0.23~0.29 0.25 1.6
E‘;’ 5 Nickel Copper Alloy| 105.3, 110.3 107.8 4.1 77.1, 86.9 82.0 1.2 0.33, 0.38 0.35 3.0
9 -
%’1 AP-1 Bronze 60.6, 73.8 67.2 1.8 198.4, 225.2 212.3 2.3 0.39, 0.48 0.44 B 2.8
a AP-2 Bronze 42.2~-83.5 66.6 1.9 156.9~180.7 175.6 2.0 0.27~0.47 0.34 2.7
© 18-8 Stainless Steel 126.2 126.2 2.2 79.3 79.3 2.2 0.44 0.44 6.8
o Deoxidized Copper 27.2, 28.7 27.9 — 66.7, 67.9 67.3 — 0.30, 0.20 0.25 ——
§ Albrac 70.9, 81.5 76.2 — 99.2, 104.3 101.8 - 0.16, 0.24 0.20 —
E 90-10 Cupronickel 29.3, 34.4 31.8 — 82.4, 83.5 83.0 - 0.12, 0.19 0.26 —
§ - 70-30 Cupronickel 33.2~36.5 34.6 — 85.0~91.0 88.0 — 0.16 0.16 —
% g Nickel Copper Alloy| 25.4, 27.9 26.6 — 66.1, 67.7 66.9 — 0.11, 0.13 0.12 —
§ AP-1 Bronze 38.2, 41.6 37.4 — 92.1, 94.0 93.1 — 0.14, 0.17 0.16 —
:-g‘ AP-2 Bronze 30.6~37.5 35.0 — 85.8~93.6 88.5 — 0.11~0.16 0.13 —
:_%‘ 18-8 Stainless Steel 58.0 58.0 — 36.7 36.7 — 0.55 0.55 —
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Table 5 Chemical analysis of corrosion products formed on the tested specimens in a cargo oil tank.
Posé}ion Material Chemical composition (wt.%)

specimens Cu Zn Ni Sn Fe Tatal S S* S042- Cl-
Deoxidized Copper 63.8 0.5 <0.1 — 1.1 13.9 12.7 3.6 6.5

%; Albrac 42.6 10.6 <0.1 — 0.8 10.9 9.6 4.1 2.8
:; 90-19 Cupronickel 51.7 <0.1 4.1 — 1.5 12.5 11.2 3.9 2.5
S 70-30 Cupronickel 38.5 0.1 16.2 — 1.0 11.4 9.9 4.7 2.5
% $ Nickel Copper Alloy 27.9 <0.1 22.6 - 1.5 13.0 10.7 7.0 2.0
z‘; i AP-1 Bronze 59.5 0.5 <0.1 3.2 B 0.8 14.7 13.5 3.7 2.9
2 AP-2 Bronze 58.2 0.5 <0.1 4.1 0.7 14.4 13.2 3.7 1.7
° 18-8 Stainless Steel ) 1.3 — 4.5 — 30.1 8.5 5.0 10.3 1.9
= Deoxidized Copper 51.1 — <0.1 — 3.8 13.7 12.7 3.0 —_—
§ Albrac 45.9 8.3 <0.1 - 1.7 10.7 9.5 3.5 1.0
g 90-10 Cuproinckel 48.6 0.3 5.6 — 2.9 10.4 9.5 2.8 1.7
‘:3’ - 70-30 Cupronickel 38.8 0.1 10.9 — 2.2 9.3 8.3 2.9 1.3
% 8 Nickel Copper Alloy 18.7 0.2 21.6 — 2.8 7.4 6.1 4.0 1.6
8 AP-1 Bronze 55.2 0.4 0.1 5.3 2.3 13.2 12.1 3.3 -
:g AP-2 Bronze 53.6 0.3 <0.1 4.5 2.1 14.4 4.1 1.0 0.9
E 18-8 Stainless Steel 0.8 — 4.0 — 27.2 3.7 2.2 4.7 0.7
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Fig.8 X ray diffraction patterns of the corrosion

products formed on the tested specimens
in cargo oil tank.
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Fig.9 X ray diffraction pattern of the corrosion
product on the heating coil of Albrac tube
exposed in a gas space of oil tank purged
with inert gas.
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1.

2.

3. B&Hir/—FY—F 12. AICl3-NaCl-KCl %

4. vVavITAv—I 18. BWElrviz=oahu—§
5. e — 2 14, 9% 7 FCTHLHE
6. BH7T/—FY~—F 15, 90% 7 v ¥ FRIFR A ik
7. V%7V F 7/ —Fk 16. £ oz

8. HFwtm 7. AV—FY—Favizyh
9.

909 7 )V 3 J RIS
B6 —sXERY OB

FIXVRAAMAMATIERG LRAKTHD, BEERCH
NA2FEH L, RRXOTVIF—)UBEFs RE2 TN
(Acitab) R4 =27 3INTnwbH,

i) R

Grothe® [ZESDBIR LB LI HEMZERTSH S
DELT, BTERTSHRERY 2R Uiz, WORK
OB THY, v—@IIEY — ) v FEREDR T
bo BHRTONBMHORELZ 2R TEEHE L CH X,
BV~ RETELNAERT VI =y MIE IS8
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ChIHILEPRL TSI rVEhnsc LY, BV~
FiRgEDHb 7 Vv =0 AIREZE—LTHDT, HRE
E2Elens,

Slatin® |3 W OEM & = BB 2HE L ERD
BIREC OWTRT 287/, 2R 8IRT, AKX
PO BN L ERRERE@E 7 A= L DT
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VEFEERNRT A = T ENB, COMTIXEAT L =
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oz h, HETVE =Y ADERe AXBNENWI, &
R TOEME ARG OBRE CHENT b S
B, 99.9%L FOMEOT VI =y ARELNRBE NS,
Alcoa®DFEE L B O—Fl 2R R RT, Hok
BOWT@QRERMOENE TS H, OIE@D2—24#, (©
MO 3 — 3, @IbD4—4BEZNZTNHR-TE 5
EIH T Do MBIKELZHNE L-TRh, BREE
B3 5 B s X OV BRI BEG, G, G R~
F—B & U TIIELYREOT AR SN TN S,
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R 3543 B HIRED, 6B & BN, GIEIB DEBIE T 5 25,



Vol. 14 No. 4

BTV =9 AR OEBIC X 2E T L T =9 ADBLEI-D0T

(237)

@
© © 0 © g © g
®$@®> @

NEEREE e Ty
= ,;Z@ T3
s
R
o Hg oy

® () Li@b @@ . (d':)q

E9 Alcoa MMM (—{F)3N

@), NIEMEEHO~DOBROUFE T & CERNZENO
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Hho BRLT VT =9 sIETHEKMY Y — FO@ LR
EEBOO v~ I (RE) L, Bofihe b
CHEBHZERGL bR IZINT, BRI TEORKGE,
@Lbvur7ri=vr@BOEDN, BAHAHLODL
bihAH s D, HRATXEIHEREY 2 ~ r@ & hiEo=HE
WROGO7 2 — F#E (Fin) THERsh, 7/ — KK
SN HEE, @Ik » THERENK T 7 — FENHICH 228
FREL WL S U THEBE OB EHREORED b1
BHO@E D EDITaND, H7 VI =9 2 ORMBIED
K0T bns, RiEEBRG, GrikzhZhER -
FHEEA-@RIDENTWBNR, b 2BMML D
ED T DT OBEN I SN TNBED,

2.5.2 ERBORHE

RRERCAWENZHET VT =9 AR DWTIH,
BB DS RREY, A EE LT VT =Y A DR
P ROFBERIT S NI REA DS D E 2 I T 5729,
TNEZTARY T AV D LI BBEICHRED B XS
R & BB A—BICT e bivs, UL, SSRGS
CONWTRMCBDORBEIECERL T B HED s,

Grothe? X ERBEREOK K WT, #Hikrriz=
g ARG ENTL HMBE O EL, BEB2z7 v =
U ACMETS0EMUET A ETHETE3E LT
Bo

Kirby 60 —2{E Rl Xk b0 52— VKR
(100~200A) B\~ T, KCl-NaCl %= V& onmE
B, TEMAEryvI =y a2 F i, 100A ©1400
Ahr ORIEMZERETHC LI L - THBORBE 2T
> T,

Denholm 529 Kirby 5 ROV F 27— Vi
Bicis T, KCI-NaCl SERBAB O W27 AKX &
AL TR AR R » FRTIT R 5 Tn5, BEE
DN & ER OB KRS AR EAF N, F v PHEED
BBl s & U S KERI X B RIE 2 <. &7,

— 8

Ko PEERLREOMY Y 2 — R 2B WTEKZEML,
B~ R END, HOBRBREGELRETY VT
UM XAEN, WET T OF 2RI L CEBRRE
Bans, COFELLBE, $ebdhic Sppm L
FLHWBRATHEINB E W,

Alcoa’ ™ ZIFEFRFIT T, BHRORRIGERIT B
TP O TR R~ &, IBORIH R 247
BLUTWhB, CRickBE, 7aun)eEERY (NaCl-
LiCH NG ES 25 ME T ciimeE, @aR7vi=v A
CHE TV =y Ak 5 TR S, BRESERY, 7
WEF—v ) B, RET 20V b, BWEAEESONE X
b 12 BRI OFIBE TIE 3N D, Alcoa® D B DRHH
ECIL, BPRBIAETNVIS, VYA, FR=TEDOSE
BEELY (XFv T4 FELEL) OBMKRTEDL 2R
MR 0.25%LLF, gL <0 1%UT, abimiFEL <
130.05% L Fieift 7o B C & S BRI O H 1Y TR R 134
HECehbHELTED, ZOLDOBEI L INT WS,

2.5.3 #HETI I =T LORRE

INEBUSEBRC B LTI, BT v =0 A R
THLEEL Ny FRECEEARTLbN T3, HE7
V=Y NREMEE R TENLEMEL T LD B0
W, b7 v =y A ORI LN ZTNEE S0,

Singleton 5N S @R LL 5= v X VEOD
7 v =0 L ERMMAR 4 7 —2HIELT, B
HEHNCIT IR A D X DI Ul T OEBIIRTERLEE T
NVE =Y ABRRALAND L LT ANT, SIS 5200~
2B0C T#T A ik - T b7 v i =9 & 2HERIC
M, B GR7 v = AEHAE) ~E 275+10°C
B LU o= oy VERBLTHELIND, TOHLRLS
FFBILHEDWL $ DTH D, BE@E Sem EEDEL
ZCHE ENBER T bRBCIN NS, COEE
TV i A2 R AR R DR 3R & L T B 7z
o, FRIORBEEE X U T8 H®ILD, Singleton 51XE T
CRREE 7 v = ARG b RA T DA, #iaRD
BEOHKIFWEZNEF E RSB, DIDXEMRHE 2
ZERCTEBEDRNT ERDI 5T, TDID, RO
— BB L AR F 25— VEROTIR0E Ko
TEMREE7 VI =T 2 ORMRZAAL fREEC LD,
Rtk 7 v 2 =9 2 2 BIARNCHEIE L TwWB,

Denholm 5% D25 24— VEEBE T, T000COHE
7oy =y AR 2 IR & A A THR S Bt 7 v
oY AR, B U= oy VERBEL CEMRNCE X,
T FEL DR RTNE 5 TWh,

Slatin OEFHO IR I L7 v 2 =9 LK
DIFU 15 WG THFHVC DN T CRroak/z 28, b OFl
WA VICVEEBHRMEDY AT D, Ry 41FEDOLD
ZRAEVMOFNEYIRI T INTWR L Wwbh b,

2.5.4 TILNIZTLORAEHL

T =g ADRAM UKL T, Hall-Héroult 3
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DFEEPDYMRIZNE S ThD, Singleton 519.20 %
FAT7 xR0 = o rVEBABUEBECID, BHEL
ST VEREBLT, NUF A~ VEBRTEINT
WE =T ADEAE L REBL TWBH,

2.5.5 BEFROHE

7 v = ARER TR ZEIT 5 &35 E
THDHM, RvFRr— VERE COBRBETIE, Bhs
TOBRM2ZEL 2MBXT 2D T,

72 Y LR DR R — VEERD2D Trx10%
AV~ RN RIN S TRHE 2T > TWb,
MEOET L, Lok, CLOEERLD 7/~ FE
WRIENEH INT, BREPRODRLT L INT 5D,

Denholm 6Dy F Ry —VERTY, EFEOHIN
215 - TWWAR, BiRZEOF ML, fle—EROR

5N T,

B o NEAOMBE DT~ LD o w3, Sla-
tnD WD L C, AR S N FRE SR O T TR
ST &, ZOFMEIRIVWE LTS, UL, Alcoa
OERFHFEDCLL, BRI X Y B F R OMR D
—fFlE LT, H%M91.5%, #EFE1.8%, TuHIVBIN
Fiokr v Y LEGEREEY 4.8%, Hhvrvi=g A
1.9%, BLOEBEOHBEEZDH T TWEH, LDk,
o7 v =y A LBERBRZNFIVERICERS L
WHFH S B 2 2 AL, HBECEBRAHETES L5

L TWh,
2.6 ERFHLERDEORRE
2.6.1 BWEE

EHROET VI =9 MRERIE, —HBOflIM R E,
700~750°COME i bhTnb, UL, BIEEEE
WA DOBR 2 BT~/ § 03472 {, Ramachan-
dran® R= o 7 vy K 2H WAEBRBRNEMC L D H

~ffERE g, 720°C BELTREETH Y, L
1 Cik Hall-Héroult #0854 & ABCRREED LRI &
00 TEBDBERETLULTWS, LrLERE, K6
RU BB T DNy F Ay —VERDTIE, #
V= ROTF IV E = 2 DEERT00~800°C (BIRIX35~50
CHEW) O O%E, BRAFRCHEELETIL L DNT
W

7 v =9 AT, BHROBRNSELTEND
HOT, FORHSEE ARG TELDBDENRSL D, Rl
BERSEE L - TRESTLHEEDR D,

2.6.2 EREE

=3, EA4rix, FhFR kYT 2y, BEAT VR
=uakhU—FEUTRWEEOHEBEN B B O &K
B HRT, “hufF 2 oh ) — ROEE, EROEE
CRE S D0, 3.4A/cm? BEOEREE E TEWER
R LN T WS, BADBEAM T VI =T A H Y —FOD
B, H14A/cm® E CEWERDENRE LTV DA,
LOEB TR EBHRBEMCE - FROF VT =9 & %4
LT WEAS D, Bic NaF 20 1%EN3 5 & &
MBI OERZMULTHLE LT IERTE S,

5 DEMECE LN Y — FEREE & B
BE{R: Hall- Héroult DB S L METH h, RmEE
DT U 7228 - CRFRDRENE LT AHEHAAR SN T
Bo Ffz, T — FEHREELENIIPERYRITES
s T\nb,

M6 RUEMMTT ) —FEhY— FORKBERZ
AT DR EROFED 2R 5 1R T, MOERHA
TRELEBDIER 2B LD, HREELBRYE
DRI 55 Tlg

—BECiE, BT v =y ARBREOSS, EikY
BRLTIVDLIELL, M BNBHREEZELD S5
bOEELLND,

23 ERYRCBIEFTH Y- VERBEORYE (CAvF sy - AU - 18
oA b P e | O ALCL ®EM WRAA-hr) (P 7~ PR ft %
(A/cm?) 2 W | T 2

1 0.31 20 3.0 3.1 15 89.3 —

2 0.47 30 3.7 3.6 15 91.0 —

3 0.62 20 3.7 3.5 15 88.8 —

4 0.78 30 4.4 4.2 15 90.2 —

5 1.09 30 4.3 4.0 15 93.2 —

6 1.24 20 5.0 4.2 15 88.8 —_

7 1.55 30 4.2 3.8 15 90.2 —

8 1.71 30 5.1 4.3 15 93.1 —

9 2.33 30 8.0 6.8 15 91.5 —

10 2.79 30 6.5 5.8 15 94.6 —_

11 3.10 30 8.6 — 15 86.7 -

12 3.41 30 8.3 6.8 15 79.7 —

13 3.72 30 8.0 6.5 15 81.0 —
1C** 0.31 10 — 3.2 42 93.8 E LD T i A
2C 0.67 22 4.2 4.2 37.5 - B R L B
O Hx 1.55 22 4.4 4.4 45 - AV~ Fiefrd & by

« T A FOBHIcinz i AICl; O
% C¥ ) —~20O7 X OEHMIHHEL TiBe OWAEH~5/0
sk B Y - FRBEHTETHAT I v X uti v TS
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4 ERIBCOIET IV FEREEORM BE7 V=g L HU—~ R
7 x| e o ) NeF | &AL | BRI gl | kR i %
(Afem® | Bl W | # T 1% (® | (A-ho %) o

1 0.31 4.3 4.0 - 34.6 116.4 88.5 2.2 —
2 0.31 4.5 4.0 1 36.0 107.4 100.0 — —
3 0.47 4.0 4.0 — 39.2 1€0.8 72.8 1.5 Ay~ U~ FEHRHE
4 0.47 4.5 4.8 — 45.6 147.4 82.0 — -
5 0.47 4.5 4.5 1 46.9 160.8 86.7 4.0 -
6 0.€2 5.0 4.5 — 47.0 165.0 84.9 — AV~ F Y~ FERRE
7 0.€2 6.5 5.0 — 54.0 165.0 97.6 9.3 —
8 0.€2 7.5 7.0 — 81.4 242.0 100.0 4.2 —
9 0.62 7.0 5.8 — 72.6 214.8 1€0.0 6.6 -
10 0.€2 23.0 6.0 1 70.3 232.7 90.1 3.8 —
11 0.85 7.0 6.0 — 66.0 198.0 99.4 27.3 AV =¥ - FERE
12 0.85 12.0 5.8 — €4.8 198.0 97.6 25.5 —
13 0.85 10.0 6.0 — 55.7 176.0 94.4 15.8 —
14 0.85 7.5 6.0 — €5.2 194.3 99.7 76.9 -
15 0.85 7.0 6.0 — 107.0 319.0 100.0 46.7 -
16 0.85 6.0 6.0 10 88.0 264.0 99.4 5.8 EEWE A
17 0.85 24.0 6.8 1 85.5 264.0 96.5 0.5 —
18 1.40 6.6 6.4 10 89.0 264.0 100.0 — TE 7T £
19 1.40 7.5 7.2 2 84.0 308.0 81.3 — F YU LDV CRARE
20 1.40 8.3 6.8 — 56.7 220.0 76.9 28.3 7
21 1.40 7.0 5.5 1 88.4 264.0 89.9 0.1 -
22 1.71 8.5 6.5 — 83.0 300.7 22.3 31.3 —
23 2.48 7.2 7.0 1 59.3 225.0 78.5 18.9 —

* BREL10~12%0AICl; &1y NaCl-KCl 2B TH D, & LITRBIFRENTY5 & 51 NaF %2%Fe
Ay - PEREECEREOREN L DN Lo b0, MO Y ~ FREGHEBT V=Y a0bAMERE Th S, BLL ¥ AERIEITE o\,

£R5 FEEREECOBMRO

2.6.3 iERERE
Ny F 25— WERTH S IR & ERYEOM

Fdemy x| mER | waroy (%29 2% 6 R T, 1.9cmar 5 10.8cm OB ¢ HEENE
cm? 7 A . o i S . B .
S F | AT (A-hr) A BRE T B L BIRAEIBIINT B EAARD 5B,
1.10 0.22 6 5300 84.4 e 4
0.91 0.92 5 12550 76.1 0.8~1.0VEEE S H < L > T2,
gzz gig i 15322 ggg 2.6.4 HTALTI I = LRE
0.62 0.22 4 3200 81.0 FTwiE, HOOBEMEEHEWT, BROEL7 v =
oo b : e o U PR 5 ~30% DRI TIT L b BRI R RT,
0.45 0.11 6 4800 74.1 COBEHETIIERGRLEL7ZVE =y ABREOMI
0.31 0.11 5 9608 85.2 . . . I . .
° LA EBERRN, BIF L 7.5~20%0n8@E shT
W3, A6 OBRB2HWT, 0.5~25% D7
*6 WMEEE»>»Z AL 084 08 MO
BO Al &5t(%) AIC, R | Cl, mRE I 7/ — VAR
7 A ¥ w OEHV) | B&KHE (Ahr i *a 3 %
B b , w T B (kg) (kg) (cm) %)
95 4.7 1400 3.43 3.24 1.45 1.47 5.7 79.0
96 4.7 1400 2.45 3.80 3.25 1.47 5.7 79.3
98 4.6 1600 2.22 1.80 1.50 1.2 5.1 76.2
99 4.6 1500 1.80 3.62 2.81 1.50 4.8 75.4
101 4.6 1500 2.65 2.21 1.42 1.58 " 5.1 78.1
102 4.6 1500 3.29 2.96 1.48 1.44 4.5 72.7
103 4.6 1500 2.14 3.51 2.70 1.37 4.5 5.0
105 4.6 1500 1.29 3.85 2.92 1.53 3.8 77.0
107 4.4 1500 2.72 4.58 3.15 1.25 3.2 62.8
108 4.6 1500 3.81 3.66 1.45 1.43 3.2 72.2
109 4.7 1500 2.7 3.11 2.10 1.53 2.5 77.1
110 4.8 1500 2.63 4.61 2.75 1.45 2.5 72.8
112 4.4 1500 1.37 3.04 2.84 1.43 2.5 71.8
113 4.5 1500 2.72 2.58 1.96 1.53 1.9 77.1
114%* 5.8 1500 3.30 2.78 1.31 1.57 11.1 78.8
115 6.0 1500 2.22 1.43 2.81 1.65 10.8 83.0
118 5.5 1200 2.76 2.67 1.62 1.35 10.2 85.1
120 5.2 1600 2.07 1.05 1.42 1.80 10.8 84.7
121 5.6 1337 2.14 4.08 2.90 1.51 10.8 85.2

* SEEREOEE,

AlCly B — BRI VB 7 5o
#x 113211407 2 T 15.82 kg ©O7 /3=y 2k BmAH L,
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£T W7V =T LABEREL A OHERY
77— PR AlCly HfE* [,_'E%j[iff,cé:/ - 7/ =¥ Ay~ F
7oA EHEEY) | W A | EREGA-DD ittt LU G
(cm) (%) Y (A7cm?) (A/cm?)
2 4.2 75 1050 8.0—16.1 70.4 0.82 0.18
5 5.1 100 5600 11.8-25.0 79.7 1.09 0.24
10.8 1%k 4.9 100 3810 20.5—27.8 73.9 1.09 0.24
2 5.2 125 2800 16.1—30.6 79.9 1.37 0.30
2 5.6 150 910 10.4—23.3 75.7 1.64 0.37
3 3.2 50 1200 14.7—25.2 63.9 0.27 0.12
5 4.2 75 2180 15.5—21.5 63.6 0.41 0.18
15.2 3 3.9 100 2300 17.1-19.9 68.0 0.55 0.2
1 4.5 150 750 5.9--17.1 84.2 0.82 0.57
* S
w2 H [ OENT IR
W=y AEETTEONIZERTY, Hrrvi=va 1.4 :
BE OB & » TIEBERDRCEND b DT, 7.5~ o LA A
17.5% DIEHIC S S 15 LREEEZRD I (Rl e Sh 1V
TWho . 10H \
)
Denholm 5BDITIE - o N2 F A — VERTI, N | ‘\\ P
7 v = v ABEOHBLEN R bl > TH~xsh 2 08 u i
. o I e Al P - - = ~
TW5BA, 77— FERYFIIEREDO NI TvD2d), £ s ~/ _[k './
. L ) SEO . ~
ERICED b 70T, BOCRT & HCEREE K / \\ | A
VAR 5T 20, 04 S
/ 4
4 e EJBg.
B8 T v T =Y LREEEA B ADEAE N e il s o 8 Ry
(2 77— PR v = Filhans 0
5 No. AL ) |7 Gy Uﬁgg)g/a) A = PR 200 40 60 80 100 120 140 160 180
o 2 nE % AR (Achr, X10°)
2% 2 3 e = B0 7oVt =9 A ORISR OB
, 2,5 7,9, 1.5 100 & &
14, 20, 23 81 £ 4
5, 21, 23 1. 5—-3 gz %& FN
Sy . = - _ .
6, 23 9—3 %ﬁ; ERELT VT = g ARHE UTH0.04%, < H
12, 2t 5.5 i 0.01%, =& 10.007%, * 43£0.002%, #i0.001% %
. 2t o e BAATOBDT, THHHERSNEZT V=Y sk
’ ] ) 2 OEEEIT0.2%, T o =
6 17 1o o s ¢ o BeThid, % ﬁfﬂmjiiﬁo %, < ¥ 0.,05%,
- v n0.03%, 7430.01%, #0.006%&%h, =u&r
EME 5% N . SN N —
"R VUMD ST, K10 TH COMIET L TEMRRE
NTnb, DY, BHRanEb7 v = v &2 FE
2.7 B5h3FIIZTLORNA FLTEE, EHMET o9 A (99.8~99.95%) &,

Bi7 v =0 AREMRETE, Bo5NBT7NVT =T A
DAL O AR S, EER KR OEBRENILT
i, FOLORERMELINTWS, UL, Eil
BRTHOINAT VI = U ADHE DT 21T 5
TWB LD I,

10k, Kirby 520030 5 2 — VB E G 1B f- N4l
VO L BIRESROBR2ZRT, & 4%, ik
LT, BAREALTVE =9 A 5L 0 48
R TR IBERRAD U T 5, BRI,
7 v AR L D R OBRRT Tl b DX wbh,
FhE L= o vk, BERAHUERR EOE
2 DERBEACHEMUIC LTI BEDTH - T, ERE
BT NESSIEWEDEELOINTWS, EROT

COBEMBECEENCEBZL > BEEL LN T WA,
ZDEH, BREA7ZNVI =Y AREMRTC, Rama-
chandran!® © = o 7BV — FIT X B/NRBEER TR
9% 7 3 = &, Denholm 620D 4 5, BOXRVF R4 —
WERTINO0H TV =y 2a—0.7%8:—0.2% = » 7 V—
0.1% # v &, Slatin!® % OEETHORLT VI =¥ A
RN E T3 200A EREEICI9.26% D7V =y A2 E
LN TW5D, Slatin O IR 8 D E R HY T S
BRTHD, HAEOZ B BREERHAEES
L, 99.94% 7 v = A, IRORIR %D A T RFCIE99.99
BDOT NI =T ARE LN TNBI,

2.8 EBIRE

2.8.1 £EB%
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Hall-Héroult 0BT NT, ERDENE L£90% 1
EEE S TWHBELERIL, BRCX > THILAET VS
= AIRERBEL 2 - TBTIERL, iy 7 — FTH
U AL > THBLEND D THDEINT WD,
Hall-Héroult B~ 7 v 3 = & DIEREIC DWW TiE—
U R 2B NI L, 1000°CIs\~T0.05%7: 5
%F—FDENRBE SN T W5,

TTCRATEALIE, HE7 VI =y 2 ifDOEMCIX
Hall-Héroult HEDEMMII E R X L BWITS, »igh
DEBRYDBN/EOINTWH EIZWA, REbBHEED
KFARY bh 5, BMER, MEERE: ERYEOMK
TEMNS, CORND—DE L TE&BERRE 7 7 — FiIT
FEUIEBT L HAHERELPHE TS LN TE BN
BEOEMALT VI =9 ABKOWTIE, BHEETDET A,
SRBHRROEBOBE, HAWEERIRET~DOEE
L EZ SR TWizn,

Tk, EENRNIRERC S ERER 2T 5
o, BEOBENcReiAZER T v =y ABOHER
WA 2RO, BRFESDOTVE =0 a1k, BHROR
MPOBTIEDN/ L DEEBBICL - THRIRLZE D
OFEZEZONBEDT, HRBEMICHWT, CO/Y
SRBTLSTT VI =9 2 BRBBTHL L NEAT
L, BEES0g & TN, BAD TV =0 A O
EEAIR0.4% & 1 B, T OO 7 FT B 8 1kd B2,
Hall-Héroult B -~ THANREEIC ST A& U Tk
g R,

#£9 HAETNUI =Y ARIKKT B3 T7VE =Y A DERRDF

e | smsnges (BRI ICT V3 =9 0 HOER(R) AR
CCy ) Gl s W% ®
400 #18 0.766 0.576 0.196
505 948 0.752 0.584 0.168

* TR =Y RIEOREO B TR
wr TEARIER
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Lap Joint Fillet-Weld Cracking Test of
Aluminum Alloys.

by Toshiyasu Fukui and Yoshihiko Sugiyama

This paper describes a newly developed cracking test method named “lap joint fillet-weld
cracking test” and its applicability to aluminum alloys. This cracking test is fundamentally
similar to a tee joint fillet-weld and Hinds cracking tests, since cracks are formed in fillet
welds deposited on the preprovided gap between two plates middle and lapped.

Experiments have been carried out on the effect of dimensional factors of specimen,
welding conditions, filler metals and others on cracking susceptibility of Al-Mg and Al-Zn-
Mg alloys, and also the relationship between the cracking behavior and the solidified
structure of weld is discussed.

The lap joint fillet-weld cracking test is simple to conduct, adaptable to mechanized
welding with relatively small quantities of materials and little machining, and it is possible
to evaluate the cracking susceptibility over a wide range. However, it is essentially important
to establish the detecting methods of cracks for investigating the accurate cracking behavior

or susceptibility.
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EDOWTLRERRARRIN S OBERBHEER S Bt HEOMBERZH S MU i,
#=1 EM o3RS
Chemical compositions (%)
Materials Cu Fe | s | Mg | Mn Zn Cr Ti Zr
5083 <0.01 0.14 0.06 4.48 0.71 <0.01 0.10 <0.01 —
Base metals 75083 <0.01 0.19 0.07 4.50 0.68 <0.01 0.15 <0.01 0.15
7NO1 0.01 0.15 0.07 1.98 0.30 4.01 0.01 0.02 0.16
5183 <0.01 0.12 0.05 4.53 0.72 <0.01 0.10 <0.01 —
Filler metals 75183 <0.01 0.12 0.05 4.81 0.76 <0.01 0.11 0.08 0.17
7N11 0-01 0.13 0.08 4.10 0.20 2.13 0.01 0.01 0.15

* PR 10 (1972), 627 I FE, Rl
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2. HESB JIURRTE

by, S e LT Al-Mg %5083, 75083 (Zr
% 2305083%%, MBS 0 283S) B X ¥ Al-Zn-Mg #
» TNOL &4 015, 20% L 25mmily, Wik & LT Al-
Mg FRD5183% X (8 25183 (Zr ¥ & o Ti % &51835R)
BL o Al-Mg-Zn ZOINII&GD 1.6mmeBREY 4 v
EFNFNB W, HEMOLERD 2RI CRT, K,
750833 & ¢ Z5183 1 ZIER 4 JIS b B WIRAAFR TIL/s
<Wﬁm:¢§@um
I T TRUWERTOKRES, ¥y o7 (THRBR
Sb®%¢> W 72 ERE T DWW THAN, R
mf%%%@, Wk e & OfpEE, RBICHNDOIEAEL S
KT % DIEFRIRAE & BHEE OO BRIT D\WT =, Z
HZ2MAITze BT REERCH W -RB OBRS L2

3. EhiCHLFIRBRABIROZ

KERCHAWHNREIL, Fvv 72B87T2ERTAH
HWEID L DT, CONEB L IKERIEZE2IERT, A
B E —F, BRFAME—FThD, 7APE~FE

1R L 4K 515, 27, BYUHhc L
TRRMETF & U CRBAIERS L 0SB0 DT
itz BICRBFTERB LN « v 7THBOEHEZR
T, BRBEHFTEREN IR L ®, OBLUTOD3HETH
YW ENI2S MM TH B, K3 LA ECE L CORE
s D, F o
W o, (EEEEE (40cpm)

ZIRZE TIEEINERICIZ & A EFEDRIT
DF BT R

v THBD

O ERRT, Fvv TEZENFNZ3BLF4mm
Thbo HNKRI(&HNE S /£BFHEE) X100) TRL
77
) \
8 Q2
1
SRaks
S
@gs
I |
200
250
B1 B O & BIETE ® 2 Tt ARBEEENRERT OMNE & BmIRT
70 T
L ] o |
Small size Medium size Large size’ ?
60 |— specimen —— specimen T specimen l
= | 1 °
§ /? 1 o—0 2mm gap !
_g 50 /'“_ o O0—-—03mm gap !
= i / eeemngdom gap /
£ w0 - / ]
¢ '/ .° '/ [ ] /
s .l / / e .
S 30 T g ya
° . s /J / Vs
g‘) ,/ /l 'lg'
§: 20 /'/ _/’ :{/l
. 3,,——'1 /o’/'
oL | /A I
("/ 4 ;/ O/O\O /
o9 1 & ‘ |
0740 50 80 70 40 50 60 70 70
Welding speed (cpm)
B3 50834 GBS X ETREATERBIOX v » 7ORE B : 25mm)

2 —
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2mm

gap

3mm

gap

4mm -

gap

ik DX v v T 2HT 55 TCIE 5N 75083

DM IR L

& 4

R oE A

TRHAMME 5 5 TTHRELREWHINERRTA, B
s (60, 70cpm) TR3mMmE s o T CE L AINER

R2RT, 2mmF 5 » TOHEE, WTIhoSae b
NREIRNTH D, —REF v » TORIWHEICHINLE
BRELLBN, THEF v » THKEWE T HEBEEE
DE—FEANSI L) MBI Y — Ricic/zy, BIAHE
M b OGRS {2, FRER O Massfee-
ding BN e Bl eELBND, i, BHREET
dmmF 4 o THRIMMF 5 o FLHPIVENFIT D
O, E—FRE % o TORCADAATLE ST2L 5
TERRIC s B e, IUHERPHREND U R 5/ DIEX
Al ThHAHD, BEITR, Hbr2,3Lr4mm
DX v v 7%HTHFTZAME—FOWH~Y 7 afililk 2R 9,
VB 123004, 22~23V, 50cpm Th D,

RS s L3 THRECHEZ/RT, chd3dmnm
¥y w TRETHERERN T, 3004, 22~23V, 40~70cpm
DEMTHEBE U FERTH D BEEE 500 X 8 602pm
DR, HEOBEME & 3 B LR SRS 5o
LasL, ZOBREORESECIRENROBL DL, M
7, WIEOMAGE, S b 2R UG
HOTRISWHEEE N, 15mmEL] T O
ALV E S TH D,

4., FNICHLEFTEEFGEORE

s XX SRS OB 220mmiRO 3 mm ¥
v TRET AR A, IEBESAFIE270~3304, 21
~24V, 40~T0:pm @I T I Bz, T OMPRMN D%
B IBHEIRTRETH D RIF 2 € — FIER 2 5D Did
L,

613508344 #5183 4 Y CHEFELALEETH B, T
NIOVBELRTE L, 270A, 2IVORE: 3 HIh ALK &
, BEBRS Iy — 7 BEMNET LHNEED L T
Bo WoIF 5, BEBENETE, WTNOBE L Eh
BAFICHAL TWw 5,

70
60 }—— 15mm thick plate=—— }— 20mm thick plate —— |—— 25mm thick plate
—~ 50
X
z
= 40 *—
@ 4 >
: i /
@30 - r
=< e )
s ®
5 ’/‘ |
20 | o |
° ° .
i 3 s
10 yai / /o
+— sl 3
I °
0 40 50 60 70 40 50 60 70 40 50 60 70

Welding speed(cpm)

5 S083&GriEHEEIN

3

WEHI B LI THEROEE (Fv v 7 3mm)
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100 , LLATHNEEEANBOHEFZRZRDHEEEDL O
15083 alioy 1B, CIUIS0S3EHOBMMTS mMmF 4 5 T2 HT
. o BB TR LR Th B, TR L b B B
20 21V <, BEANEDHENE & S CEINEBHEENCES U Tk
T ) b,8,000joule/cm 2HEA B & HNFKXI0B L T2z 5 C
o 70 =1 V"o BIICIERL TWi WA, TNOL &4iconT b R
= 60 /l 1 I, A b0834 e & b Hiik ok &y,
B I B & U T R U e 5T B » oo
2 g
b 300A 100 :
< 22~23V ]
5 40 ° 5083 alloy ‘
° / % % ] |
30 \ | |
g/ 330A 80 o 270A, 21V ~
1 524V ) :
20 o 83 ® 3004, 22~23V ~
° 8 1 f ~ 70 0 330A, 24V ————
- RN |
10 4 O. ry !
! p,/o 5 = 60
v il E
0=%6 80 60 70 R
40 50 60 70 s
40 50 60 70 < a0
We ding speed (cpm) g
6 5O8B3A GO HIVBZIIC I JF T IR T O 30 \g
Bz 2 25mm, ¥+ v 7 : 3mm) 20 é 9
B 7k TNOL&% TNILD 4 ¥ TH# L 7R T %o ?\{&
HEEHEERB L7 — 7 EEOEINE & § Tihisd LRl 10 ® é N
TBe UL, S0B3ERIT ¢ BB E T OB HELE DY . & | | TP |
TINE e Wl D, IHHEEENNT &I U <R 5 6 7 8 9 10 11 12
U TWa, Heat input (joule/cmXx10-%)

8 5083& GBI & B AR OBIR R -
100 25mm, ¥+ v 7 3mm)

ool o L”oy_ _____ 5. ElhIch&IETEMMOHE
" © e HIAVIE 35 A3 T HEIME OB % B fo b, 5083, Z 5083
o /[/g’ WL TNOLEE O 25mmiy (3 mmF 4 ) %5183,
70 o ? ? 75183, 7N113s X 085356 U 4 ¥ THBE Ui, WHEGRME
s B | | 300A, 22~23V, 40~T70cpm™ % %o
z 00 | Bl 9 135083% X 0 750834 4 DRGSR T Bo CIL D
2 5 22-23Y 7] Bz e e <, 50834 d b Z50834 e DA ANHIK I A
5 3304 B ANE e HI DR S U B SR b, 51837 4
ER ,/ T v X b Z51837 4 ¥ DH NS WHNERL TWB, LD
° 1 i B E10CR T & & 251837 4 ¥ Cik 51837 4 ¥ X b
/ % : RS ERE 5 B 1T B
20 ° J T i E11X7NOL GO Th o TNI1Y 4 ¥ X H 53567
" | /A 5 4 ¥ DFRPESCEHNERRL TWD, 2L, TTTH
Y ° nd Wiz TN11Y 4 ik JIS OFHENGHRZ 826 DTH D
00 5’0 B0 2 2%, BRI 4 W s, MRS DO T
40 50, 60 70 & {53567 4 YL T AR OB RET AT A ¥
4050 60 70 BIZ SN TW B L & 20T o
Welding speed {(cpm) 6. A & BEESOEE
BT 7NOLA GBI EIT 55 XTI B (D
(B : 25mm, X457 ¢ 3mm) TN ORI & AR OB R T BT, R

— 4 —
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60
5083 alloy
50
40 .
[
LY
— 30 ‘/j,
§ o l
A; ° *
3 10 + !
& .'/i [ i
® Lid __09 ----------- O~ o
% 0l —cfomm™ 8 b r
3 |
5 75083 alloy | |
30 o—e 5183 filler metal —
o---~0 25183 filler metal
20 e i
L ]
? /‘_____1
oL—8838 85 oo |
40 50 60 70

Welding speed (cpm)
B8 5083¢rmDAH N BRI o ST TR o f
(L : 26mm, ¥4 v 7 Smm)

5083 alloy—5183 filler

75083 alloy—Z5183 filler
B0 5083#s & 0*Z5083 & A BRI < & = Mk

B olims L PO~y nls Lot 7 ol @mse
770 B2 3 mm ¥ & » FOREFC300A, 22~23V, 40
~T0:pm DM THEBE U AR Wi ~ 7 v ik 2R 7,
WH Y — FORTHIMCEMAOME TR &, B4 (hig

— 0

100. [
|
7NO alloy
90 }— .
1
80 |—e— 7NIl filler metal —- )
* 0-t--0 5356 filler metal’ i e
70 o
N .
X
= 60
=
=
= 50
fund
@
w
~ 40
(&)
e
© 30 /
. / Al
[ ] J
20 ;/ ,/l
10}
70

Welding speed (cpm)

E11  7NOLE @ OBEEERIN B s XX T o fs 4
(B - 25mm, ¥ % v 7 : 3mm)

B L BRI WA A TS TREGE T I - TR
£ b epitaxially W RE U 72 Bm RS BE I N S,
E— RN i U2 s T O REIT AL Tw 5
(M2 TiBRBICRA B2, BOFAD S RIVSERS
Th D)oot — FOEENR  CRIERE D8 L BES
Nh, BHEEENEL DL UMD E RS — |
Sy, B —mREREO LD BHIEGWRE
- TWb,

HEEIIIC R TEACEE UTE20RI S, TD
A®EEIND & — BRI L, WO T~ 20D
ELAETL TW B2, OOIIEHEINAY — FERCIZRD
NT, BEEENTOARED, 22, HhEE s+ » 70N
BROWIAAFHIE L T TCELTWH S DTH B, ODENL
BRARWOY » v THEBEHE LY — FOBMD toe LD
HNZ2FHLTWBEEDTH D, TD toe ik epitaxially
RGN T DR N T 5, T b pHn,
T oS CHEL LHR (FRIEET A2 WiTho
BWofln A chh, WEN BRI OEHEER
UTWwWhb, 721, SINEOBOOkE LY, b oE
IEHTFTHEL - DLHEEIND,

LTAT, Y~ FOoEMCBEINIPERRE L
HNOBIRTH LB S HRIE b hiz, R4z o—
PIcdH B0, PBRENBDAESHNIZIZE Y — ok
(LR EHi83AETIER L VREL LBERED 8D D
HEHELA) BETLTWA, —ARBREND 554,
5083 & CRTERG & R B OB RICENIGET T 55
BREZNDRNL, TNOL & TEHBERFEOM Biv &
5 OoDTERFBOM) ZHEHNIETL T BEENRE N,
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40 cpm

60 cpm

CAUETNOLE $:73 5083 &4 & b HlAVESZEEA IR 2 DI
HNEERIC IR DRI N s, e SRR SR
Pk B L THEW, SUHEE SRR TH D,

1. # =

HEORYEW OBRBERT CAL 2R 5L 54
HNRBRTEOY L, HNEBRT oK —GEIFRICKR
PnEETHD, 7o YAEECEL CXBESREERE
K& T o OEBERERE SN TWh, FTLE Y LiF
FhtARENRR S CORBO—2THY, ERIDL
BUEBWANRTWA THTARSINAR 2D LREL,
I hEBENC LS DTE B, UL, FEMCITET
AREANRBERALTHHEBALTI

S 5L LIET, BT AN E R OB R
HrEd L CTHWER2FHEELD, KENRBOTHER
MEDOMEMBERZEL TWDHL ERBLMNTL THD,

®13 EhLTAHRERANRBRTEY bh 5 & OHINIEZE

70 cpm
R12 % OVEBSHY TE 5 117250834 SIEHABO W ~ & o (il

Ak DERBRITHE 2 HENL T B e D RETT R OFEHIIC D
WTHE EMA S DTh D, THERGEZERZ (BR
B K EREIR) T ARBRG R W TR & IRES S 41,
VAHEGAE D S & 7 DFRETAYEUR AN DU TREM S #E A
BINTWABY,

WELOERTHAET CRW LR s (FLUT
FAD) W, ROTELTH D,

1) BERTHAMNEBRTE, 227D OREME TS
ZHRray b o — VT, HEHAMEEBRE N,

2) IfENTEX sy v 7O L2825 TEHDT,
HNHBFEROI D& § P,

3) FNEBE WA E SHREINCLET DBRENE
h OB BEL TS, BERTARHENRRTRTET
AENEBR L b RS2 T (WE~18).

4) BB ORES EDOTIENLINRELDS T 5,

5) HBOBRTHEZTH D,

—— U U2 5, ERHINGEBCILE U oK 2 AR
BLTWARARTE TSRV, k& i, BEGHPEL
ke DBERR LB bR, MoOEEO/KRE IIRL
v, Fie, B E YA Y OMAE THIWESZ NSRS
n, fxOEMOBIBZEZFTE LW, e —
FEECEEDNT, BEGRPMCHET LI LELASDD,
OB W—T2 EOMBEYR D D, Lich - T, B
B AR 2 W TN B2 2GS 285, A
EU LS &9 AEE OERER— AR RERCLT
B, 7 ORI TN O 2TE 5 CLRER
n, EhEh, &R, - FRETHRAT HNAOHRE
I S B DT RPMBETH b,

6 —
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(A) With feather grain structure
5083 alloy 7N01 a’loy
E14 5083% & FTNOLE GBI R BN &3 EELINURIDLE S
&, ANEOUEICE I U THIVEES T 5,

8. #&

THTAHWEHNER 2 LY AWOCHBELfoF + v 7
DERTHZAENERBRITEC OWTD, SHREL R,
WYV RN A N o

D ERTARENEREE, s
B OTLIEINT, EEOHNBBROERES & LA TH
Do T2 H OILRTEER T MV % FEH T X BF AN
BB ULinl, iR E— FERICHEDNT, ©— FRY

il

TOHRETHCE D E LB, BN ik T2 8¢
Bo
2) BEFIEROEEL LT, P8 L OELREORZ

ZhZNn100~150mm3s & ¢ 50~100mm DI cE b

ViR, COBEOIZIRE CIRENESZEC IS b
TN,
¥y o TOEBTONTIE, 2~4mmOFEH CIE~ /A8,

(KA HEHEE (40cpm) Tikdmm, FEEEEHRE (60, 70
cpm) THE3mmF 4 o TORE § HHA kS, 2mm
Fo v TTRNTNOBEREEE (40~T70cpm) T &b H
NP I,

B 15~25mm DR AL I ¥ias,  50~60cpm
DIFEHE CIIREOHINE & 3 cHES LU TWS
U USRI DML/ 3 v,

3) BELXHOREBLL T, BEERSLIE7 2%
FEAET & HERD U, WS AR T &
USHERUTWA, &Il R e BB ABOBIGE 2R

25 L TEH,

’

4) Al-Mg ZRE&E4&TIE508344 & b 2508344 (Zr i
I DJFAEI T 12, 51837 4 ¥ L b Z51837 4 ¥ (Ti,
Zeim)  OBERENRD v, COFEIEESR T
bHBHo WolEd, Al-Zn-Mg RD TNOIA G OB TIL,
TN117 4 ¥ X H 53567 4 ¥ DFFHNEIEA I,

5) ¥HinoOEBIIMBENLFREN TS, MAKNKT
B BHo PBRED S NBIEEIEERE M R M A
UTwa2, PBREFPBIET 2548, 50838aTirIE
Wi EAFRE DR CTHRETHHANREZ ORI L, TNOL

BETRE— FPROPBREECHEL 52 EBE .,

HEE G AE T LD BTEL
To R R

, MAFEHREREZED S
ﬁﬁ&%ﬁ&m@(%mmbtﬁi?o

x 23
D cErdE BRI« TAEEeak,
iz : IEEAEE, 38 (1969), 342.
2) I. D. Dowd : Weld. J,, 31 (1952), 448S.
3) J. C. Borland : British weld. J., 7 (1960), 508.
4) IR EGRIAEE, 2 (1964), 590.

LAY, 38 (1969), 225, MW

5) AT - IBRIEIARE, 6 (1968), 525.

6) BRUAHZAS  mEmEEE 9 Q97D, &9, 9 (1971), 627,
5B 2 BT R (B RIERES) (1970), 19.

7 WHFZ. BHBIRME, MIEE  BOEEEE, 9 (1971), 369.

8) J. C. Borland : British weld. J,, 7 (1960), 623.
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TNANI =D LRI TNI =y A 5ETOBESITHE
(Fo 1)

1. lFU®IC

BEAETNTOEREIE, - LMD TIAS,
KE, BEBICEREZBATWS A HigEL TOTH
BH AT GRPONTRLBITEEN, £ L TZOERBTHH
bbb ERAZRLTWSD, IhbF2osREHIT
B HREL L BB O>NTEHEELH LN DT
Cupp?, Smithells?, Turoviseva and Kunin®, Soko-
I'skaya® 5 DEEIRD B,

GBI T BKE, BEBIOEHROTEREL Th
bW ADERENT B EFHEMIOBANC L - TR Do
GREMC B WTIEBBEREL L OKk#E LY. BLY =2
S DEM e ERL THEEL, 2L T@&BHREE T
EEAR, DEMESRERL THEET D, L IoHIED
HIESBAEY nonmetallic inclusion ¥ 7zt Biizinclu-
sion & AEEMICHAWLENTWAEY, KEWXRLZNRED
bAET AL CHDORER B B, (R,
Wi, HAAWE) OWbW AESRLEBIEN T S
WO, C DX HSEEBHRON RATEEOBREILI D ZD
HEFEZRZLTWD, LhL, FRA2EERDELT
BUBREEERHRVT, SEPON AEIHET L REM
BlommpttE, SENtEs L OHAel ECERETY
BB IIZTEROC L D2 L TWAHAVY,

FNIZTABLETNE =T AREMBORFCKT
HEEAMERZZUD L THRERBERX LI LLEDL L,
X b BN RE OB 2 EE U T B 70 D DB,
BEFNR L OBRENERCL $ 2T, 7VEi=T s
BIOT7NVE =T AREDEVWTFAEERERZHAETE S
DHBEOEEWENEE L 225 %,

L r by ASmTEE, FRALEREEDORIGD
BB X OF ANRNGBOLE T L3 THEORE » Kl
CEWTHBELTETWD, 351K, Sk iE
EELUT, BOBONADWHTHERT V=0 28407
Wz A BeDREZELLHETCS R 2B L9
AR RS LRI CINA T, OREOTEI B
WA dDTRINERE BT,

LY 3R D, RFETIEXTNVI =9 AHESEN
YD S 5L 15 2 OHEE LOBEFHFCO>WTHL S
NTEEBLYELYDTT, CThicBETIMEOHER

* R

o B R*

FNIZTABLIRT N =Y AEEBOBRESHHED
HRCBELUTRACYMZ 3 L U THBTAZ LI LT,

2. PRIZGLBLIUTPNIZVLEEHD
2.1 BREOHEERE
BREIEMNOL SIS 5 & SENCEELZTED LD

Th->T, @RBILYPEB-TIEECEAA L UTHF

L TW5B, BERTOA 4 b= 2 v F1X13.61eVTH

5T, CNREFRBICKEDOZNLBZALLAESTS

%o
BE—T VLY 2REDONWTHE, oEE A EOR

F—BREAL L ST, Sieverts DA S~PY L

Teibi\n, 7oV =y APRBROBREE, HeE 2R

Winfhd@Be BT 50 L AR, ZOEBR2EA DL

xR IERTH-OREETH VPN TE V. U

Hl, —BO&EPRB HMBEOEBELKEDEIRE

LEBERAUAEXICHDIDOLIEBINTWHL EMBHD,

TR =y ARBROEOEREE TV = ARCEE

TAHEBERE LWL THIDSWIDOTH ST LIXHE

W, BlIRWAWALEBENT 2R EDO B RER

Smithels”? OENLFIH LA DTH B,
BEELLTO7VE =y A 1FAREB L L TOERTE
2,8, 4, RNBNBRILENVFEX, X3, %4, - LD

BkhoaatE GEERITRER2EL) 2 OEREHS AL,

HeTE2EETAMMOASITERT X ZHEEH ORI D

BELUTEDTENTE D,

fa=Ffa' X fa® X o X e )
LT, fofy 2B LN FNEFNEEITHE2

»2%% (1—2), 37tk (1-2-8) wIdmR (1—

2—3—4) i3 BERFRTH D,

Wagner® 1 HBRES = vEM = 3V ¥ % Taylor B

LT 1 R oRE 2 oFREEEED TR 2LV,
Infe (%2, %5, X4, ---) =Inf2°

¢ Olnfs, Olnfs _2lnfs, ..
+Lx2—5;c2w TX5 S, X o, k ]
1 . .0%nfe o%nfz, ...
+[2 X2 _5,';22 +x2x33x28x3i ]+ (2)

KOOHIER WAL, Z U TREDEZRD L 5 0
HLLREBTEDT,

alnfz ahlfz
2 = 2 (B) e 1S
€2 oxs €2 O%s ’
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1 GEBAOBFE OB
B |[@REs k0GR woom

Ia|Li, Na, K.
Rb, Cs

| 2mwm 2.
y FicCug0, AgsO% UTRET %,

I'b | Cu, Ac DR OBRE &S
Au N
I a | Be, Mg e
Ca, Sr, Ba | ZAWWT 5o
Ib|Zn, Cd
Hg AT
Ta Sc,Y,7ra=WE —
Ib |B —
Al A
Ga, In, TI e
Wa | Ti, Zr,Hf, Th | X< IBRT %,
Fb|Si, Ge —
Sn, Pb Z—Ebf_Sr}OLPth UTRET %,
’ DEROBERBIRT %,
Ya |V, Nb, Ta T %,
¥Yb P, As, Sb, Bi| —
Va|Cr, Mo, W, U —
Wia | Mn —
Wa | Fe, Co, Ni BT 2,
Pd, Rh LRUERT %o
Os, Ir, Pt R
e RHEEABREE I T 5,

AU TROERDO L ST b, HEBEOREIIWS
WA IZIEED VRO 1 KR,
Infa (xg,%3,%4, )=Infa®+%sea® 42365 +
Xyea P 4o (3)
RE)OELE I FIXMERFIUIREBIC IS \WT fot=1&17g
5@7{5‘3&@60 202G, RR@)ZEANBIC L TR
HRBTEDTERDOLILHLENRNTE S,
logfz@é2,/63,/64, ) ==
ex® (%2) +ex® (%3) +ex™® (%d) +-

=logfs +logfz® +logfa® + n
- 2> Ologfs o . Ologfs
Cel el 5y T a3y

G, e PITHEEERBGRE S FEN T W B,

WEBBES A LM AR T OV T =9 AR L ORI D
SEFEMIRD LSBT E B EIRET B,

(O)a1 ;‘% (O (5)

INLD, COFGOFHEMIROL S5 LEL L ENRT
X b
Po, %

K=10570 (©)
LT, fo! WHER7 Vv = aAOBEDFHRZEH T
% 5Bo

R v 2 =Y AR OMRFRTUA W 2 LR &

Bl o, ROBFXROLA>CEETWD 55,
~Fo. * (7)

(% 0)

Sterner-Rainer 9 X, 7 i =y a7 v
T =y ADEME0.04BUTTH B,

TN =Y ABRBERCETHBET IV = Ak
CALIER B CTh 528, BEORBE & 3BT L r-Al,
Os TZEHREL, 900°C P LT SBEL a-AlOs ~
EERET B, DX S BERMAETIE, a-AlOs ik Si0: ®
FeoOs & 70 =g 8 DB NG X - T HERIN D,
r-ALOs X7V =0 AR G X HOMICEBERIERL T
Bh, Fuvizvathiicging r-AlLOs [ IELGRE
L 5% OBEIEEAAI § —HL T,

Thiele!® i, 7rviz=vaBlfzri=va
BE&EROBILT v =y a1k a-AlOs, 7-AlOs 3 L8
T OFEEDOBRIBIECS Bo Fi, WIHSDEHE 7
NI =Y AR OWT B HE- A2~ VBRI L DB
15D B a-AleOs B X 8 1-Al.Os O % XEREHT
HBIC L - TRIEL TWh, Bensch!® &7 i = v 2k
BPRF-A L —NVEL X > THRL, DHINIHEER
XA U BT D2 oEYTHRETH Y, By vz
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1 - - 1
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AGOr=-—143000+25,91T(298.16~923°K)

Po,=6.3x10"157(atm, 100°C)

(cal /mole of oxide)®

— 5 —

AGOy=—145830+-28,107"(923~1393°K)

(cal /mole of oxide)®

Po,=9.6x10751(atm, 750°C)
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ﬁ 0.1 2 0.2 %;% 0.2 2 :/ r/ke
N = \\0\‘: ¥ WRA DR 4mm
T \1
N, 0.5/ /hr/kg Al
0 0.1 | 0.1
0 40 80 120 0 10 20 30 0 10 20 30
1587 7 SLHES F] (min ) J58 7 2 A B B B (min ) 2 A LB R (min )
8-1:705°C, Al 99.8 8-2 : 775°C, Al 99.6 8-3:800°C, Al 99.6
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DRy bPI—I I >TEHINTHT oNDZ 61,
FORBREZEL I, TOBE~< MY » 7 ZAOILEHE
BRE ORMBEHEEL FEH b i nwd,
3. PLIZUABLUTLIZY LSS
DR FHE

GBI OMERSHHFECE L Tk, REDD X 0BH
BB ENB LI NBNBEFENRD B, L,
EFNOEOFEDS L, TAI 20 ABIETNE =Y A
SOMBOTCHA I N TS b DITHIRICE 51T
THEHO DD, 2n0 %, CTCTREENLHETS L
ERETNE =T ABIO TN =0 ASSHBESH
HELVTER SN, PoOTERE DN TEWEEER)
ToNTW5D

@) HEREE (REHIT) &

by BBt

© (SR D8 - Rk
PERCE D BT, ZNFNOTECHET B HELDRN
PUBTCEIR U, B8, FE@QBLFEbIT X ABEE
BRI VI =7 AR 7 v =0 240 ORBRE
REEWRL, FTEOKL 52BN TERE LT
FIEL Tt RBHREZERL TV L REZL Y
ML 5,

3.1 ETEhmk

3.1.1 ETREEH X HEBOBR

FUVIoTL2BLIRTNE =9 ASEPOBESTE &
UCTHEE T sh e 2A0HERITA DL T, £
DEBAT ADTEERDD BNZ25THH L5, —BFO&
BN 2 DATEBET DOWT § /22 OEITHR PN A
—EG R L X 2 DITE OBIREL THRI A T,
Bt e2@ETAC LTI VWA WALREGEHRO
HAGZHCHEATE %, HEMBEY 2 o EE ORI,
—fR, (@FR O In#—al R 0) A R B R—hE SRO)
ZRER—TFERB L QF R SHIRD 4 B HIL TN
5. LODY, FALGWRTEAL T, EFELCBIL
Zru=s Z0EERIILD ETHREOESR & 5 TH
BERTIEE UL, HESWHHST A Zax b I 5708
DX B ENEEPMILL 7o F 2 DHEFE U T OO BERE
PREATZ L DTHRIN TN D & DRZ L 9~48),

B3, 2270 P2 R 7 R DB ~0 0 5 5285,
—FlE UTHERR—F A7 n< &5 7L 56BH
HAGHEBRD ZRUIZE DTH D,

TS DA A GHEEE OHBERS X OOWMEBEr1D
BTN OWTIZ L CTiBIRT 5, 20 %,
IR BIEL TR ZNFNIT DWW T OIS & 2ok s®
PERBINIZN,

3.1.2 BFROIMFE

Sloman®™ X2 E RS 2 DTEB2HEWC, T3
SULABIPOTIWVE =Y AEEHOT AR 21TE - 720

IKERBE AR

HoOMUDMBL TRAAUIZEB BRI vy
LB AL 2 & T ARSI N A MHAEL 2, D&
S &40°C,/ minOFAERE TI200CETHRE L L T 5,
HEMCB OS2 TETRR 2 EURABC—BUOREZ L
W E UL BON A DFRENBEINI, UL, ER
TR =Y sE— R MR L THREE R R 5 e, X
DFTOREER, CHEEEY v i =9 5 OREREHRBDIF

PLLOE
R

WEHARA O

1) =
E S AT ReYE
PSR S 1
ﬁﬂmxm//,
HHE S 97—

G g s
T R

| 2

L]

T7I—HRT

B3 SR 2 AHE A 59 o]

KRBLULTRLT VI =9 8 BERTHEEBELES
DTHDENPHRINIzE NS, Sloman FEZLGHR A
AP OFRMCINT, BRT Vv =7 2B B DI %
Wett” UTh X 5 BEEE L BRIEREL L hD%ED
FENIE 2 B D AR E 2 1100°~1150°Ciz I\ 7o,

KEFS¥BOPFLT I, BE7 v =9 2 Wd5
RFEDEME L 4 X10-5Torrics\\~T, 800°, 1000°,
1100°, ¥ X 01200°CTcZh 71 0,10, 0.14, 0.16, B X
P0.32WtH TH B, $lz, [BAEFNVI =9 AT B
FOBEBERIF0.01DWLH TH B L5,

UdsL, COREBHATEBLIVE =y 2DREC L
DEEMETIIE & A ERTERRE V-, L 5, HEBENE
HBECPHEEREYH L LY, 7 =9 208
HETHEHBEOCRD D ENEITERNTERIND,

Sloman® @A 2 W5 T EIC & - T T DORIE % [k
U, 1550°~1600°C D4R CHISR 7 v 2 = v AR
BOBUTFDORETTVE = A BEOERDSH 21T
ST BADIFEME Y VI =y 28BEOWTILNLED
G L BOHRPEBLURUAESDTH B, 1000°0CT
R X DMFBERGER (CO2+0:+CO) i o%
HWHACLBDTHY, ZULT1550°~1600°C Tk

F4 THIET VI =9 ADH AGHRD

IHTIRIE 7 A&7 G (ml/100g)

(c) | o | 0s | CO | CHy | Ha Ne
1000 | 0.03 nil | 0.16 | 0.03 | 0.60 | 0.08
1550{600 0.03 nil | 0.40 | 0.02 | 0.64 | 0.10
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FH WVAVARRRLEE LY 2 50V VRO T A BERS?)

i H o Zx & #(ml/100g)
# [ifi il i}

COs 02 co CHa H., ¥ Ne
O Moz 0.01 nil 0.09 0.03 0.41 0.06
® gﬁgﬁl\faoa it 1025 H2504/10% HNOs T trace nil 0.11 0.03 0.61 0.05
@ OO U &K T 0.05 nil 0.55 0.03 1.16 0.06
@ 10%12504/1%NaF, xic50%HNOs CALE! trace nil 0.12 0.03 0.46 0.05
® 10%HF/109HNOs Ty 0.02 nil 0.14 0.03 0.49 0.05
® 15%H:504/5%Cra Qs THLIE 0.02 nil 0.15 0.03 0.57 0.05
(@ Bengough T & - THGHRLALBE 0.04 nil 0.29 0.03 0.99 0.05
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RO TNV LEZOFELESARSICBHASB OB, HETB LR BE: OBES

B E ‘ 71 (Torr) W

o# EA CK) | 10 | 107 i 10~ ] 105 | 10+ | 10e | 107 | g0m ]' 1o 10 | 100 CK)
R 0 B ECK)
Al 932 950 | 1010 | 1080 | 1155 | 1245 | 1355 | 1480 | 1620 | 1820 | 2050 | 2350 | 2720
C — 1950 | 2030 | 2140 | 2250 | 2380 | 2520 | 2700 | 2900 | 3140 | 3420 | 3800 | 4200
Cr 2176 1125 | 1180 | 1250 | 1335 | 1435 | 1540 | 1665 | 1830 | 2010 | 2240 | 2550 | 2938
Cu 1357 1005 | 1065 | 1135 | 1215 | 1305 | 1415 | 1545 | 1700 | 1895 | 2140 | 2460 | 2851
Fe 1812 1150 | 1220 | 1290 | 1880 | 1480 | 1595 | 1740 | 1910 | 2120 | 2370 | 2710 | 3130
Ga 310 845 899 961 | 1030 | 1115 | 1210 | 1830 | 1470 | 1645 | 1870 | 2170 | 9510
Hg 234 199 213 298 245 265 289 318 354 398 456 534 630
Mg 923 462 490 524 560 603 655 715 790 885 | 1000 | 1175 | 1377
Mn 1567 807 855 910 970 | 1040 | 1125 | 1220 | 1340 | 1500 | 1700 | 1975 | 2324
Nj 1725 1185 | 1260 | 1330 | 1415 | 1520 | 1630 | 1770 | 1940 | 2150 | 2400 | 2750 | 3112
Pb 601 617 658 705 760 824 900 992 | 1105 | 1250 | 1435 | 1695 | 2024
Pt 2043 1560 | 1650 | 1755 | 1875 | 2015 | 2180 | 2350 | 2590 | 2860 | 3210 | 8630 | 4100
Si 1688 1200 | 1270 | 1355 | 1450 | 1555 | 1680 | 1820 | 1990 | 2200 | 2430 | 2740 | 3060
Sn 505 937 999 | 1070 | 1155 | 1250 | 1365 | 1500 ; 1670 | 1885 | 2160 | 9540 | 2052
Ti 1945 1830 | 1415 | 1500 | 1600 | 1715 | 1850 | 2000 | 2200 | 2450 | 2750 | 3130 | 3599
v 2130 1428 | 1510 | 1600 | 1705 | 1824 | 1960 | 2120 | 2310 | 2560 | 2840 | 3220 | 3560
Zn 693 396 491 449 481 519 563 615 678 758 84 | 1005 | 1179
Zr 2125 1745 | 1850 | 1975 | 2110 | 2275 | 2460 | 2870 | 2920 | 38250 | 3620 — | 4688
BOHIEZ L THENEA~OEBIC L D7 AWE 2 BHT OWEmE, WRE, ¥Ry T ORRHEE S DR

BT LT EIL, Beach &S EARE Y X DT & &
2V, BB BHOEEE 1650°~2000°C, 10-3Torrdk
BODHRUETSgOEB2RML, REEC—B{REE
HEA A % 2 ~150m! Torr OB CRIURE FE 6 EAL
T, FAFEENCEBNCERL ZONBCEET 20R
L BT ABEDH X OB —ET S LI TR 2k
U7z

RIDE, COL>CLTHELINAENEWE SRR X
PO L B —BRETZBRERZRLUIZEDTH B,
2o NVBLOBE T VI = ABLET A v BRO
BEZBREACEWCERTAHC LI, BHE LRHETH
BHLERRLUTWS, UL, b OREERIE, BgEs

$ T BUERANRA A SHTEE CRET 5 —MALHEY 2 OEIX
PR3 & T RE GBI O e

SRE BRI LN —BRLRIE | TR | R
' BWeBEEECC) | (ml Torr) (rg) (o)
C 1650 0.9 0.77 1.28
Fe 1650 0.7 0.60 0.59
Pt 2000 0.8 0.60 1.25

Pt—Ti 2000 0.5 0.43 0.33
Ge 1650 0.6 0.52 0.42
Ni 1650 3.6 3.10 3.86
Al 1550 >50% W % - -
Mn 1650 100% W& — -

ThHDLEWERBL LTIER S 350,69

3.1.3 BUETN I =0 LORFETRIGHEBOFEHR
Sloman™ (XEEERKIC X 2WRAYORERT L B8
FIEBHE2REL CROBC XV EZ L, Tkbb,

@) @EBEVTRAEIRGL T—BEREZERT 5,
LOBESBORIGIIAAFEOEH T 2 VFEHE5T 5
7oDITED TR DBPhEiD !

M.O(s$)+C(s)=aM(s)-+CO(g) 89
=xM(I1)+CO(g)

b) EBBITRED X CBEGEFEL T—BbkE
FERL, ARCEBEESPCET TBRKRERS

M:O(s)+C(s)=xMin re(1)+CO(g) 63

© EBEIIREEZREL TBIEREZERL,
ARz D&ROREYZERT S !

M:O(s)+A+9C(s)=

M.Cy(s)+CO(g) 9

d »5EEROBERBIT BN BHROSBOZS
HWERERR T AN LD KREWAE ST X
- T RIGEHEO LB WO X bR SN B,

T Ofic b IGE a5 RIGEHEC 1Z0) %6 & B O)ARRER
EEZEDNSZH5EMEBENRD BN, ChbcBELT
B BB SN,

Sloman ¥, 3 XIREBHBECANHL A ALLOs DS
FETTI AR E1600°CH BT L b § DR EN
BETHHCE01E, o Al,0s DRERBTERTS
1600°COEE 2 I L Y, CHERUEB>E5 L 2EE
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% (Q)~(A) DT S HES © & BT O OB H LD E &
BBAMCELUTEDTING 2 5 U DERNCHER
UTWBOHEEE KL 72,

KON D DEREEZR LIS DTH B, Sloman 1%,

TS DR b FIEHEER L OMEBEL, @QUEHE
DIC b BMIT X5 LT, HEMMRET & 2MIEER DX
SEBEREZST BERER ~0 &E OBRMEHR - & v
EN

Al(I)=Alinre (1) ‘ 65

AGY,=—18500—-1.37"(1800~2100°K)

(cal /mole)®-6

Bl S RSO CEB LIy O TH D R o

=8 1600°Cieistt LTV E =7 A OEENE FlU BT
3N A RER T 2 SR e

e & OIS B
micy | KRS @ | o | © |
R CC) RIGEERT Ulods - TR
TAMIRIE (O

MoOq {1550 <1550 | <1550 | <1550 | <1550
SiOg {1550 <1550 | <1550 | <1550 | <1550
VO {1550 1550 | <1550 | <1550 | <1550
AlsOs 1600 1600 1600 1600 1600
ZrOg 1625 1640 1670 700 945
UOs 1700 1710 1710 1120 1440
TiO 1750 1770 1785 720 1030
ThO» 1900 1950 . 1950 1330 1640

BAL7 v 3 =9 A DRFRC X TGO BRALR
B, RISRERSLONEL 51, ROLSRUTK
»5N%s

ch>+%oxg>=axg> 89

AGOr = —26760—20.987(298.16~2000°K)
(cal “mole of oxide)®

2AKZ)+%OMg):AbOdS) 19

AG®y= —402300+77.837°(931.7~2000°K)
(cal,”mole of oxide)®

HbeEagL v,

3C(s)+Al:0s(s)=2A1(I)+3C0O(g) 37

 3AGOBY— AGOfg
3xd.575 (At

#£OIE, COLIRULTRD ONDHVH—MILRELE
TODFRMEE DTSR OB E U THIKR LR LS
DTH B, THE—MIHBEIFBEEA L LT L »
TH2 T B 2B, #NWAi, & bE-SITREThE
BEOCERMBITMM 21T 5 L EMNAREL 12 %,

log Pco=

£ W7V E =Y AORSEERIGIC L Y FEET 5 —RRILIKR

;f:EE (ﬁ[ Jw-ﬁé.)
R GTRIE —TR b B (Torr)
CR) | @i e
1500 2.6x10-2 2.6% 101
1600 2.3%10-2 1.6
1700 1.5x10-1 8.9
1800 8.0% 10 38.8
1900 3.6 145.2
2000 13.9 477.2
2100 47.3 —
9200 | 143.6 _
*1:
%AhOMs)+CU):%AKl)+GXg) 89
AGO7=102100—43. 1T (1500~2200°K) ®
* 2
<%Ab03(s)+C(s)::éAhnm(l)+CO(g) )

AGO7r=89767—43.96T (1500~2200°K)3>

RS R R T 2R OTH L IZB 2 HEE T,
MREOERIW 21T 5 O RBE L TR & 2EE DR

BPEETE S, ABIDOTHEFIIRAIL L » TKD LN
Bo
AGor=—RTInt: e 88

B9 % B AN BT E#B U Peol D\WTHE2 BEUDH BT &
b, WAWS L RE—BB{RERE Peol s % iR
SEEPOMABIERD b b, RINE, CDOX5KLTK
B I~ AR B CBEEE2RLIZE DTH %,

10 STH— TR RIE L A

Pco(atm) Po,(atm)
1 5.13x 1015
10-2 5.18x10-17
10-2 5.13x10-19
10-3 5.13x 1021
10-4 5.18x 1023
10-8 5.13x 1025
10-¢ 5.13x10-27
10-7 5.13x10-2®
10-8 5.18x10-32
10-¢ 5.13x 10738
10-20 5.13% 1038
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AR B OB 2E { T LR TE B,

3 B D HE BRI IGR % 75T iR & B 72— 4L
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R 6T & 2EERT 5,
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