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On the Aging Phenomena and Lattice

Defects in Aluminium Alloys (Rep. 1)
Influence of Fe, Si on the Pre-Precipitation in Al-Zn Alloy
by Yoshio Baba

The influence of addition of Fe (<{0.2 at%) and Si(<0.5 at9) to Al-2.5at%Zn alloy
on the pre-precipitation or clustering phenomenon has been investigated mainly by
means of the resistivity measurement at the liquid nitrogen temperature. The results are
as follows:

(1) The rate of clustering of Zn atoms is influenced by the addition of Fe and Si, but
general features of the pre-precipitation in these ternary alloys are not different from
those in Al-2.5at9%Zn binary alloy since the third elements do not interact with Zn
atoms.

(2) As to the influence of addition of Fe, it has been observed that the rate of clustering
of Zn atoms is substantially reduced by the presence of Fe more than the solubility
limit in Al. It may be considered that the increase in the area of the boundaries by
grain refining and in dislocation density which would act as sinks result in the
decrease in the concentration of quenched-in vacancies.

(3) The addition of Si also decreases the rate of clustering of Zn atoms. The influence
is not observed clearly for Si less than 0.04 atg, but remarkably with a higher
content of Si atoms in the super-saturated solid solution of the alloy. This effect
could be interpreted from the fact that the binding energy between Si atom and
vacancy is greater than that between Zn atom and vacancy. However, alike the
influence of the addition of Fe, it is probable that a number of dislocation loops
stabilized by the addition of Si act as sinks to eliminate quenched-in vacancies.

(4) Tt seems to be premature to explain the effect of third elements on the pre-
precipitation of Al-Zn alloy in the light of the atomic radius or binding energy alone,
and a more detailed investigations are required.
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Table 1 Chemical compositions of Al-2.5at% Zn alloys.

Add. elements, Compositions, wt %

at % Zn Fe | Ssi | Cu

None 6.00 0.0012 0.0018 0.0012
Fe 0.01 6.05 0.018 0.002 0.001
Fe 0.03 6.05 0.063 0.002 0.001
Fe 0.20 6.03 0.40 0.002 0.001
Si 0.04 6.04 0.002 0.037 0.001
Si 0.20 5.97 0.002 0.22 0.001
Si 0.50 6.10 0.001 0.49 0.001
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Fig. 1 Isothermal aging at temperatures of —16°C ~30°C
for Al-Zn alloys quenched from 300°C.
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Fig. 2 Semilogarithmic plot of the time required for ma-
ximum resistivity versus the reciprocal of the
absolute aging temperature.
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Fig. 3 Isothermal aging at 0°C for Al-2.5 at % Zn alloys
quenched from 300°C~450°C.
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Fig. 4 Influence of Fe on the isothermal aging at 0°C for
Al-25 at % Zn alloys quenched from 350°C.
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Fig. 5 Infiuence of Si on the isothermal aging at 0°C for
Al-25 at % Zn alloys quenched from 300°C and
350°C.
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Fig. 6 Influence of Fe and Si on the age hardening at
20°C for Al-2.5at% Zn alloys quenched from3 50°C.
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Fig. 7 Isothermal aging at 0°C for Al-2.5at%Zn-0.5at%
Si alloy quenched from 400°C varying the holding
time.
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Fig. 8 Semilogarithmic plot of the time required for ma-
ximum resistivity versus the reciprocal of the
absolute aging temperature for Al-2.5at%Zn-0.5
at#%Si alloy quenched from 400°C varying the
holding time.
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Fig. 10 Influence of pre-treatment on the isothermal aging
at 15°C for Al-25at%Zn alloy quenched from
200°C and 250°C.
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Spectrophotometric Determination of Gold in Titanium Alloys

Method Using the Color-Reaction by M**—Sn**—Cl System

by Toshio Sawada and Sakae Kato

Gold gives a red-brown color which is as perfect as to use for the spectrophotometric
purpose of its stannous method can be, by the reaction with stannous chloride under the
developed conditions. As would be expected, this color would extended to provide a
useful spectrophotometric method for gold, whereas the color varied depending upon the
concentrations of stannous chloride as well as hydrochloric acid. With the concentrations
of 1 to 2 N hydrochloric acid and 1 to 3 m/ of 1 M stannous chloride solution per 50 ml
the intensities of the developed color from up to 3.3 mg of gold were within the realm
of probability for accuracy and were a function of gold concentration but not these
reagents strengths at the wavelength of 500 mu. Another factor affecting the accuracy
and precision of the color-system was the temperature. The intensity of the color
increased during the first few minutes and then remained constant for 5 to 90 min at 20
to 30°C.

An interesting application of the reaction was made successfully for the spectropho-
tometric determination of gold in titanium-gold alloys.

Transfer 0.500 g of the sample to a polyethylen-beaker if the expected gold content is
less than 0.609%. Add 12.5 m! of 1 to 1 hydrochloric acid, 8 m/ of 2 M citric acid solution
and 3 ml of 11.5 N hydrofluoric acid, and heat to dissolve. When the reaction subsides,
add 2 m! of 1 to 1 nitric acid and heat until the dissolution completed. Add 1.5 g of boric
acid and 2 g of urea and dissolve. Cool the solution to room temperature, and transfer
the solution to a 50 m/ volumetric flask, and then adjust the temperature of the solution
to 20 to 30°C. With well swirling of the solution, add 2.0 m/ of 1 M stannous chloride-2 N
hydrochloric acid solution, dilute to the mark with water and mix. Let stand 10 min,
and obtain the absorbance of the solution at the wavelength of 500 mp within 60 min.

Under these conditions the system confirms to Beer’s law and the molecular extinction
coefficient of gold is 2828-+-28. All elements that would be normally found in titanium alloys
cause no interference except for palladium, platinum, molybdenum, vanadium and silver.
Matrix metal titanium upto the concentration of 1g causes no trouble in presence of urea.

The developed spectrophotometric method offered good accuracy and precision on
analytical results for gold with respect to the synthetic titanium-gold alloys and titanium
alloys of 0.01 to 5% gold level.
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Concentration of hydrochloric acid, N

Curve A,B, and C are the color from 1.0, 2.0, and 3.0 mg of gold per 50 m! respectively.
Curve D are the blank solutions against water as reference.
Curve E are the solutions contained 0.5g of titanium per 50ml against water as reference.

Plot :

Absorbances were obtained at the following time after the color developed, min:

—®— —A—
60 to 70

—O0—, —A—
5 to 10

The arrows indicate the range and the solution in which colloidal gold suspension were formed.

Tig. 1 Effect of the concentration of hydrochloric acid on the color development of gold by the reaction with

stannous chloride.
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Curve A, B, and C are the color from 1.0, 2.0, and 3.0 mg
of gold per 50ml! respectively.
Curve D is the blank solutions against water as refere-
nce.

—/A\— : 0.5N HC1 —A— : 1.ON HCI
—O— : 1.56N HCl1 —@— : 20N HCl
Fig. 2 Absorption curves of the color of gold developed
by the reaction with stannous chloride in 0.5, 1.0,
1.5, and 2.0 N hydrochloric acid solution.
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Curve A, B, and C are the color from 1.0, 2.0, and 3.0 mg
of gold per 50 ml! respectively. (Broken line : colloidal
gold suspension developed)

Curve D is the blank solutions.

Curve E are the solutions contained 0.5g of titanium per

50 ml.
All Curves were obtained against water as reference.

— /A= : 0.5 ml of 1M SnCl, /50m!
—A— 1 1.0 ml of 1M SnCl, /50m]
—QO-— 1 2.0 ml of 1M SnCl,/50ml
—@— : 3.0 m/ of 1M SnCl,/50mi
Fig. 3 Absorption curves of the color of gold developed
by the reaction with various amounts of stannous
chloride in 1.5 N hydrochloric acid solution.
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Table 1 Effects of concentrations of fluoboric acid and
sulfuric acid on the development of red-brown color of

gold by stannous chloride.

Table 2 Effects of concentrations of nitric acid and urea
on the development of red-brown color of gold, and on

the titanium solution by stannous chloride.

Concentrations of acids
Gold added, Absorbance
Hydrofluoric Boric Sulfuric at 500 my,
mg/50 m! acid (46%), acid, acid, «10-3
ml/50m! g/50mi mi/50ml
0 0 0 4
0
5 2.5 0 4
[ 0 0 0 290
1 0.5 0 284
1.0
1 3 1.5 0 284
5 2.5 0 290
0 0 0 569
1 0.5 0 569
2.0
l 3 1.5 0 572
5 2.5 0 577
0 0 0 863
1 0.5 0 857
3.0
L 3 1.5 0 857
5 2.5 0 854
3 1.5 0 3
0
3 1.5 5 3
3 1.5 1 285
1.0 3 1.5 3 301
3 1.5 5 310
3 1.5 1 577
2.0 3 1.5 3 611
3 1.5 5 620*
3 1.5 1 854
3.0 3 1.5 3 863*
3 1.5 5 772%

*The colloidal precipitates of gold were formed in these solutions.
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Matrix Gold Nitric Urea Stand time, min
added, ad(fed' x a:;:; added,| 5 | % | &
2/50ml mg/50m! ml/50r;ll g/50m! Absorbanf(eioeig 500 mpy,
0 1.0 0 2 2
0 1.0 1 3 2
0 1.0 3 3 3
0 3.0 3 2 1
1.0 1.0 0 282 282
1.0 1.0 1 282 282
1.0 1.0 3 286 286
1.0 2.0 2 283 284
1.0 3.0 3 284 284
2.0 1.0 0 567 567
2.0 1.0 1 567 570
2.0 1.0 3 567 572
2.0 2.0 2 564 574
2.0 3.0 3 569 574
3.0 1.0 0 857 857
3.0 1.0 1 854 854
3.0 1.0 3 857 866
3.0 2.0 2 854 854
3.0 3.0 3 870 870
Titanium 0 1.0 0 64 28 15
0.5 { 0 1.0 1 4 4 4
0 1.0 0 76 46 29
Titanium
1o { 0 1.0 1 7 9 11
0 1.0 2 9 11 11
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Curve A, B, and C are the color from 1.0, 2.0, and
3.0 mg of gold per 50 ml respectively.

Curve D is the blank of reagents against water as re-
ference.

—QO—, —@— : Absence of urea
—/\—, —A— : 1.0g of urea/50m]
—\/—, —¥— : 3.0g of urea/50mi
Fig. 4 Effect of the concentration of urea on the absor-
ption curves of the color of gold developed by the
reaction with stannous chloride.
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Table 3 Effect of temperature on the development of
red-brown color of gold by stannous chloride and on the
stability of the color.

Matrix Gold Temper?- Stand time, min
ture o
metal | added, | eiagt | 5 | 30 | 60 | o | 120 150 180
added, mg/50 | solution
g/50m! ml ! Absorbance at 500 mg,
°C x10-8
0 10 4 3 4 4 5 4 2
1} 20 4 4 4 4 6 5 4
0 30 3 4 4 4 4 2 4
0 40 4 4 2 5 3 4 7
Without 1.0 10 282 1 283 283 | 282 | 283 | 283 280
. 1.0 20 290 | 291 202 | 286 | 286 285 282
matrix
1.0 30 288 | 290 | 2911 292 | 288 282 276
metal,
or 1.0 40 3031 305 204 292 | 284 270 272
with 2.0 10 | 558 561 | 565 565 | 565 565| 562
titanium |} 9 ¢ 20 | 570 | 577 | 580 | 577 | 578 | 574 | 567
0.5 2.0 30 | 570 | 577| 565| 560 | 541 527 | 520
2.0 40 | 590| 587 | 583 582 | 572 564 551
3.0 10 827 | 854 860 | 854 | 854 854 | 851
3.0 20 854 | 857 | 857 | 857 | 857 | 857 | 851
3.0 30 860 | 866 | 870 | 870 | 863 | 851 | 836
3.0 40 863 | 851 | 839 824 | 810 | 788 | 752
0 10 7 7 9 11 10 11 13
0 20 6 8 9 10 9 10 12
0 30 6 12 14 14 14 15 14
0 40 7 13 12 12 10 10 9
1.0 10 276 | 284 | 284 | 284 | 284 | 284 | 286
1.0 20 284 | 2921 2001 290 | 284 | 284 | 284
) A 1.0 30 284 | 286 | 288 | 286 | 288 276 | 276
Titanium
1.0 1.0 40 308 306 301 294 284 278 | 268
2.0 10 553 | 570 | 574 | 574 | 574 | 577 | 574
2.0 20 574 | H572| 577 | 574 | 570 | 569 | 572
2.0 30 574 | 577 574 569 | 561 | 553 | 554
2.0 40 577 | 585 580 561 | 550 | 526 | 506
3.0 10 8211 857 87| 860 | 857 | 8631 857
3.0 20 854 | 863 | 863 | 860 | 863 | 860 | 857
3.0 30 857 | 863 | 857 | 840 | 818 | 796 | 790
3.0 40 860 | 857 | 848 | 833 | 818 801 | 796

3-9 HExLEO

& 1.0, 2.0, 8LV 3.0mg &L &BERE LU 255k
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R ks JIETTEORE Y, ROSHKBL040%BE
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Table 4 Amounts of many elements not interfering with

spectrophotometric determination of gold.

Element Added as Amount thartng/isdlkrrll(l)t interfere*,

Aluminium | AICl3 50

Barium BaCle 5

Beryllium BeSO4 5

Cadmium CdCl, 5

Calcium CaCls 5

Chromium CrCls 3

Cobalt CoCl, 3

Copper CuSO4 5 (M.A.P.** at 2.0 mg gold level)
3 (M.A.P. at 3.0 mg gold level)

Iron Fe, (504)s 10

Lead Pb (NO3):2 5

Magnesium MgCle 10

Manganese MnSOy4 10

Molybdenum | Na,MoOy4 0.10 (M.A.P. at 2.0 mg gold level)
0.05 (M.A.P. at 3.0 mg gold level)

Nickel NiClg 10

Palladium PdCls 0.005 (M.A.P.)

Phosphorus (NH: HPO, 3

Platinum Pt Cl; 0.030(M.A.P.)

Silicon Ti-Si alloy 10

Silver Ag NOsg 0.010 (M.A.P.)

Tin Sn Cly 300

Titanium Metal 1000 (permissible amount)

Tungsten Na; WO, 5

Vanadium NayVa0r 1.0 (M.A.P.)

Zirconium Metal 1000 (permissible amount)

* Under the conditions of the determination at 5 to 60 min after
the color of gold was developed by the addition of stannous
chloride solution at the temperature range of 18 to 25°C.

** M.A.P. means maximum amount permissible.

Fr=v ARBIVDI VA=Y MIBDED 05g ¥TE
WA D ot ¥, 0.01 OWMNEERES & Ul E%
g e 35 L%, ThTEN 1g ¥ THETE /.

Cr3* LUt Co2* 1L, &« 2 AEEADFEITITPE
Ll TRDORD 3mg FTHRTE I, Lnrl, &bHb
b 3mg bl LT T A & XWIREE UTHHET B, o
BATIEFNEFNC S E O BAELFHETHZ &L
THEORD 10mg ¥ THETEHZ LR LI, Cu?t
14 20mg 0BT Smg ¥ ¢, ¥/ 3.0 mg OBK
Cit 3mg FTHATE /o, HBENS BITHWEIT
i3, & - A XBEAEFES EFRBNC 2 v 4 PRI T 5K
L7z, MoS* 3, #ES54% L VIHMIcHlzETH &R
1k 500pug ¥ THETE L, UL, HlEs60450ET
BHEXTIE, SRECLTERY, & 20mg OB T
vk 100pg ¥ 72 4:3.0 mgdEW T S0ug ¥ THRETE I,
Ll amT s >N CEGa4 iy, rLTanr
A PRI & R TIHE Lic, Pd2r s OV P2,
& i Ma+r—Sn2+—Cl iz kT Pd?* ciﬁf@%aﬁ
te Pter [EmakA 4 oA AT B O TR L TIFE Lic
A5, Pd2t 4t Sug XY Pt x 30ug ¥ CEATE

— 7

tro Tods, Z DA Pd2T 53 10pg DL L% 72 P2 330ug
BLEBET S LRI, & A XEEEROFEENRE LR
SRanT It B S LD bivic, Agt ik 10pg ETHAT
Kfo, COWEABLD L - 2 XEEAOBHFIREEICE
BWhE2 5L L5 THD, £1.0mg OBEECIEEENIEL
LCEVBRELE 2, ¥4 3.0mg OBEKTHESL
B 2 v A PRI A &M L CTRWIGE & & 2 72,
V4+31.0mg & CHETE o, COWBEXBAH L& - A
XEEEROFEEELIE L.

ok, THHETEOHERL, EHBR LUEEBRD
WS & b UC0.0050 e ze & A U7 BREE Tin L7,
FOMOTEOLRE, F2=v LASTEATETN
HESETERIVTMADEERL ETE o7,

3410 &BRICOVWT

EESGEBRP LOEWRLTEDNSF 2=V & - &iE
SEEWE R D& A F+ ~ DREVEHR TERT B 12D G &7
Ife. RERZERNE, EESERY &8.0mg MBS,
S EBERE E LT AL ) v sk IM/D @b &
S AT=Db, HRE-EEHET P ) v LKk Y v A
EHAFWT pH # 1 ~7TFHKHILTI0mI 2 27 7 2
2B LERE LTHAE L, INHOBEBRERIIZEIRT
BT, —EEE I sOR0D pH O&BIE 25 ml
AL, 3-1 OEBATRINT HEENDUBOBRELTT
o T Fs I TIHELAIE Ui, 2L, HRRIXERM
U7\ WTCERE Uiz, ERiEE%Y Table 5 wRrl 7z,

Table 5 Stability of aqueous solution of gold.

pH of original Stand time of original gold solution, hr
gold solution* 0.1 [ 3 | 24

Gold found (as absorbance at 500 mu)**

1.0 0.582 0.572 0.582

2.0 0.583 0.572 0.583

3.0 0.583 0.577 0.585

4.0 0.582 0.583 0.582

5.0 0.585 0.585 0.585

6.0 0.585 0.582 0.582

7.0 0.582 0.582 0.572

* Each solution was containing 8 mg of gold in total 100 m/ of 1M
sodium chloride solution. The gold was provided from standard
gold solution (200 pg of gold per mi) in 0.09 N hydrochloric-and
0.03 N nitric acid.

+* Abhgsorbances were determined according to the developed
procedure using 25 m! aliquots removed from respective original
gold solution at different stand time.

iﬁ%ﬁ@%%%tbt&@ﬂ@%ﬁm%ﬁ@%oﬁ
pH7 kT ba< mﬂ%ffy‘ﬁ)ﬁbfgb\: Lo ote, T
DFEER DD, SR UCBRERE T, &A1+ & LT
SBEBELTWAZ ERHEETE 1o,

311 & AXEBHORBEIEL=, ZOBERAD

SECCDOWT

BIETE TORBREREND, 31 OBERHCRIT 41
A v OFEEH, Mnr—Sn2+—Cl $RET L 5 —E DRk
BEIEEBLTWALDTHAZ LITHELNTH B, &
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T, IOBAORERIEIBEICEA A Y OEBETICLS S
DTHY, ElTOBOEENREA 4 v DBILRIEDS S
BEBEIC B 5 D BRFEREBCKET LD THD L5
Z B b, EHBERC BT 55 XOBLEITEIE L 5
EDEBNEYEETSHZ 0L 5T

Aud*4Sn2 > Aut+Snt+ (1)

2Aud++3Sn2+e=22Au-+3Sn4+t (2)
Sn2+gE28n4t 4 2e -+ 0.20V01t7)
AuteZ Audt 4 2e +1.2 V01t7)
Auges=>Aud*+3e +1.3 v01t7)

HUDOEE T T EERRA O /mBETTAl & R
FUOBHBEARWLZI L - THHRTEL LD LR
bhvsd, 22T, R LOCRQDFKIEDTEER X RBDF
DEIGD BERLERMLD Rp D &, XN (1) wBLTiX
Kay=[Au*] [Sn¢+] | [Aud*] [Sn2+]=6.0X1033, =
e B L ik Kay=[5n4"]3 | [Aud*]2 [Sn2+ 8=
25X1011L B BB,

T, @BWAE Y, 31 OBRETHERE N X v
T, FIHEALE— A REEOR DI EB T v =y 101 g
BIOHEETH : #4790 o - vigEw (1M) 5ml,
¥Be vexyr7y s vER OM) Sml, kIUHERe
Fovyii AM) S5mi, #BWTlE L,

KEROFEREE 7 v 2 =¥ 2B CE& DB
Bk A CleD BT, BLHISHEZLDAADZ L,
2 hAbDEBI 2BEINLhoT, Tk, TO&E
TNV I =Y AL HEICEISD T E BB DOWTD
EXANG R i

Audt+Ale=2 Au+Ald+ ” (3)

Alz=—2Al3+ 43¢ —1.66volt

K@=[Al3+] | [Aud+]=1.7x10150

Fiz, 3-1 OEEDH B 7 v {LKEB L = VilEk JUUR
BARMUWTE, 1O Ntk L o8 0.96 N O &5

R, BB LR RERNEX 3 gL, FL
THALEE— ~ XML 2 NERERA W A VTR L7z 3
Ehikmi s Table 6 1wk L7z,

iRk & OB - IRBBIEIC BT R & BT
& - A XBEEOFRERRD B, L, BB T
EEEBRETEC 2 v A WA AN L, Fi,
THB-RRBEECE ROEENN LD BE L, FLTURE
*A%%VﬂbﬂﬁﬁéﬁiéﬁﬁV&%tHUJF%%
A B U C BB E R 35 2 & 055D biviz, 7
B, IS TEEOEEF O @WE@&H@&&%#
RIS R E L OB E— A AR EEN T
72hDThB, PRI, ZOBEOFEEBIXIOERBERRT
BELTWALDELBELNBEM, ZoFE2H K L il
Fig. 1R Ui 500 mp kit 2RlEiER & g LT
& AXBEBEORGMENE T XL LCFEND D,

s, & AREERITERR A Y 7 3 vEk AW OIS
B EMTE A, BB T2 E260FEHRITE

Table 6 Color development of gold in hydrochloric acid.

sulfuric acid, and nitric acid-urea solution by stannous
chloride at 25°C.

Reagent and {Stand time, minj{Concentration

Gold zii(:il:d its cziléncglunt 10 [ 30 [ 60 ofr‘hy%}"gc?lm
f , | ric al n
solution mg/50 mi ril/sgn;l é})%s%&ang%ﬂ final solution,N
1.5 N HCI 2.0 2.0 mlof 1 M| 572 | 572 | 575 1.6
2.0 SnCl;-2N HC! | 577 | 582 | 583 1.6
solution
15N 2.0 [2.0mlof 1M/ 509 538 481* 0.10
H.SO SnCl, -
g 2.0 22N H,SO, 565% 572% 527* 0.10
solution
0-9N NO,| 20 [2.0mlof 1 M| 215| 468 600¢ 0.10
2.0 SnCl,- 238 | 506 | 593 0.10
added 3g N H.SO,
of urea solution
per 50 m!

* On standing the colored solutions, the colloidal precipitates of
gold developed gradually.

CTHEMCHE LTn, 20, Nv¥y, Zuakiyhn,
PUBALIREE, AFrzF s by, BIOERT & ATiE
E{HtE N o1,

Bl oSSR ks L o° Cassius test (z k5 purple 23
3D4Fﬁ@ﬁkK@kXXiU&%%@&énfbé_
&%%,31@FW%WV%MT%@?63@%m}m“
—Sn2*—Cl R\ WT—% 5 B2RMHCHRETHER L
OARE DI DR L E 2 BN DM, KRERTEH S
FORGHRCBET A LOMRE BT Z ENTE
A/ NN Sl

312 & AXEBFOFTFRNFEH

%@%E@@%ﬁa%@%ﬂ:vA05gm%ﬁﬁ%@
» T4 oW
ﬁjmbhmof%@é@fWﬁﬁkﬁmL,ﬁ%m%&
DOBERTHRESRE A ER Lz, Sk Fig. 5 kiR,

1. 05

0.90 ///
y

60 ///,

0.30 //<

0.15 //é:

A

Absorbance
©

©

-0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
“Concentration of gold, mg/50m!

Fig. 5 Calibration curve for gold.
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ZIVB DR R TS E— SR E DI DO WL,
WL I —BLTEDRT Y X eE s LT 0.005
B Z oz, Fig 8 BB X H i, EES00mpy
10-mm & A% BT 50ml fh4 3.3 mg# ik Beer
DA L Lie’nd & E 3R C &z, 4 05~33mg
DERTHELNIZBEHNEND, & - A XEEEOEBET
BT RIERE En AR 2828 (£28) #1718/,

ks, BEEERIBEM O, & ORI B WTET 5
71:;%‘3%7‘ ﬁgj/bf\/\% (‘:7) l‘ﬁr};ﬁ%f}bz):&/}x% 0.005

HHR 2 TR,

4 o W F &

%Wng%ﬁu;¢vyf—ﬁ~mep&b,%M
A+1D 125mid 7 = vBEE CM)8mlk LUt 7 91k
KSR 310 A THR A BT IR L,
E@(LH)Zml%migﬁod%m%LT SRR AT
éooﬁm,$7M15gaﬁ£2g%mzfﬁwﬁéom
BEEAHBOm 2 27 723k L, BWRE0°C
T Do

B A XS0 FERND, BB xgmm (1
M>2mmkmxt@%,mf**&bi<&biﬁfﬂ
@é@éo

™

wq&m%r@ MﬂOmmLWV&D,ﬂE5%mM

f%kﬁ%wmb,ﬂﬁrmﬁbfﬁt ﬁ%m% L5
mt@%,%bﬁL@W&bf@é&@ﬁ# HED LS
R RD B,

TSOmlx2x752aiBl, B A+-DIImi%NA %, LUFA
HED [HSW 2#920°C 1T 5, ) 5 PEBOEE 2 15T
ERERT 5,

(2) 10~30°C CHET &%, 1L, 10°C [T CHIET 5 & iz
&, FEE 3043t & b 604 LIPNICIE 2179, F1z, 20~30°C T
PR 5 & XTid, %@10 % & D604 LIPTCHIlE 21T 9

(8) DL xOREMEEIE 15605N Th%s,

4 FEHIP D E DR 1g TRIELIZE 3R, &2 00ER
FEZTL1g R2EDPDE-T, AXOBIERTOERBEZT S,
(5) HEEE, X E 500 mp 10-mm-& v 2 VT, AR50 ml
4 0.056~3.3mg Th %,

6y i, EmHEGTEE % 0, 0.20, 0.50, 1.00, 1.50,
330mg @I B L SWRWHML, AIEC LIS - THABIET
Ve 2R L, o Buik s OBRTERU TIERT 2

5. o 1 #H R
BRER K LUBEEI N Ti-Au &4, Ti-Zr-Aa 4
ESREFROEEEE LI, AWIERO—H% Table 7 1
R L7
ST Ul odiFkic L, #24=v n&8hoMESF L
THEOEHBE LR ERTH I ENTE .
6. # &
F R A EETDOEORE-— 2 NI X AR E
B RE Ulce T OREE
(1) &% eUEMEICE s —

Table 7 Spectrophotometric determination of gold in

A XEER (IM) 1~

[‘H:] (1) ZEDRA D & b8 EERTHG 2 BOEHEL, >X t1tan1urn.~gold allc‘)ys.anc‘l titanium-zirconium-gold alloys.
g (I). Gold in synthetic titanium-gold alloys.
DFITHET S
#* o Gold added, %
REO&ET | REngny p | FHCHCDEL TOMAR _— 0.01 0.03 0.05 0.10 0.20 0.30
[P N - N i
®, % it g 7("2‘1\2)?"%25;{‘1‘}& ﬁ;&,ﬁtiﬁf * /gf%, Gold found, %
0.01~0.30 | 1.000 s 3 15 {Eﬂ%@) 0.008 0.029 0.048 0.104 0.196 0.299
0.02~0.60 0.500 8 3 1.5 0.008 0.030 0.050 0.098 0.198 0.299
0.04~1.20 0.950 4 9 1.0 0.012 0.027 0.048 0.095 0.198 0.301
0.1 ~3.0 0.100 4 ] 0.5 0.010 0.030 0.048 0.098 0.197 0.301
0.9 ~6.0 0.500 8 3 15 * 0.008 0.029 0.049 0.098 0.198 0.301
. . s s NV _ Gold found average, %
* COMMFITL B & 51T, IEMBOERE 250 ml x 27 5 2 %
s e . e s y . .02 .049 0.099 . .
TRHUKTERET S, DX, COBRKEELL BmIHML o0 | 00w | 0w | | o7 | o3
(IT). Gold in titanium-gold alloys and titanium-zirconium-gold alloys.
Sample
Ti-0.01%Au | Ti-0.05%Au| Ti-0.1%Au | Ti-0.2%Au | Ti-0.5%Au | Ti-1%Au Ti-5%Au |Ti-1%Zr- |Ti-5%Zr- Ti-109Zr-~ Ti-3092Zr-
0.1%Au 0.1%Au 0.1%Au 0.1%Au
alloy alloy alloy alloy alloy alloy alloy alloy alloy alloy alloy
Gold found, %
0.008 0.053 0.099 0.197 0.483 0.982 5.02 0.103 0.110 0.103 0.103
0.010 0.052 0.100 0.195 0.47¢ 0.97¢ 5.02 0.103 0.110 0.101 0.103
0.008 0.051 0.100 0.204 0.47, 0.97: 5.00 0.103 0.112 0.100 0.103
0.007 0.053 0.101 0.198 0.483 0.96¢ 5.07 0.104 0.108 0.101 0.104
0.008 0.051 0.102 0.200 0.485 0.97 5.02 0.103 0.107 0.101 0.104
Gold found average, %
0.008 0.052 0.100 0.199 0.481 0.974 5.03 0.108 0.109 0.101 0.103
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3SmluwMmz7-0H 50mliic 54 0.6~2 N HEREER LT
D ¥, &£ 3mgFTCEENCHEL, ZOBBEKONE
500 mp iz i AL E L Beer DERNC LS LD &
HTEIWDT, ZORMAFALTEETENEERETE
5T EMbhot,

i 05~2NEBAMW THEE LzEGBEORIDEKIL, B
BB X 5T L, & 1mg DB\E T 470 mp £
i, & 2mg OEE T 4990myu FHTIE, 3 X0 3mg
DT 510 mp PR ERINEE 5 27, FARRALERS
DAL — 2 ABEOET & b o TRD Bz, L
L, SRNEESEEITEA BRI 500 mu i
b Bz,

i, 7@ CM) l12ml ¢, ®v 7 9Bk
7 v ALKEM S mli+ ok VIR 25 g W2 T HWMEE T,
B 0.7 N #C¢, F/-mik 03N ¢, BIOMHEEE-FR
FRTIHHEE 3ml +/RE 3g FTHRELTD R, 5T,
¥, RBOBMT L 5> T3MDF £ v A4 v DERIK S
&P SBIEIE A Bh IR T & o,

iii. 2@y, 10°C TR m30atk L V605, F/z 20
~30°C TEHHEEHEL DOSHEERES T—EDORLEY
5z 1z,

iv. FETEHD 5 b Mo —Sn2+— CliH A5 HPd2*
5 LU P g U, Moo+ (R aiiax, ¥7
V& BREEHE LU, £1LC Agt bE L, Ln
L, INBTEREOHFEEL, WIhbF 2=y r58H0
THipDEBFEN ETH 7,

v. JREfiEdggE 500 mp 10-mm & v E W THER
50mi ¢4 0.1~3.3mg Thote, ZOHRETRDIED
DFWIEREIL 2828228 TH -7z,

vi. &ofig-wgaE (NaCll=1) 1%, pH7 &\
THMKSET HZ LI FEWCERETH D Z EAMERL
foo BERIGKOWTT, ZOBEAEAER, 26K
DEFABICBIT DHMAE S 2 LIXTE AL o7, £
DOEEFEE—ED Mnt—Sn2*—Cl BEIET 5 Rk
Fise#zbh, Aud*—Sn?*—Cl B ~T—%5
EENCHOTHERIVAXIDADIFETLLI L
HEER LT,

2) SHHEERREL LTz,

8 HexrlL7zmgic kb, Ti-Au &R X0° Ti-Zr-
Au &&5D 0.01~50% O&EBEIRECERETE
72o

ks, BESL Ui, yva=v s&&b0&0
EECLZOEFHATEDLZ LR LI
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The Freeze-Cracking Resistance of Distributing Pipes
by Eiichi Hirosawa and Masahisa Naoe

Up to the present time, there have been many protections against freeze-cracking of
distributing pipes, but very little work has been reported in the study about the cracking.
In this paper the experimental investigation of the cracking for several materials
(lead, steel, copper, polyvinyl chloride), and the study of plasticity on the problem are
reported.
The results of this work are as follows.
1) Perfect freeze-cracking resistance is not obtained.

2) Size effect on the resistance is little.

3) Work-hardening and elongation increase the resistance.

4) The order of freeze-cracking resistance is as follows; copper (annealed), steel, lead,
copper (work hardened), polyvinyl chloride.

5) Defects on and in pipes reduce the resistance.

1. #&

AR I T B AR BIE O BAEE vid, & < KBS
FBWTE, RERMBTHD, BEEOILEFET W D
EABN, REREEZIThbNTWE, 4% CEKEDOHE
e BENRIZ & A EI T, BIFE, BiKE & LT
DIVTA DB, 8, 8, % 7ofE CREEEL e =
~NVIRB D, AREXINSOMETTX ELHOE T
WTORBNC KA B A LB X, FEIE, W ono
WOEDE 7 kB 2, BYETIRICHEE LAHE OB M
BOMMRERC L BE v, $hbh, REEE VX<
NEDNWTHRE Lz b D TH 5,

j[l|

2. F F 11

21 BEROKOCHERICLIEREO LR
FPIHE R B O = 7 vk 3 2 TS VoW T
AU THh D, RBOKDBIET X HENED 7L, &0
W, BEIRIC LB, K, KOWEE(LSBD, hb
% EEBTHEEEC Y, B RO {hosTX
Bo TITINHDZ LIZWIRL, LTDOLS hikED b
LTCEFNIREZEZ TN ZIZT 5,
D Fig 1 wRd 2 & <R T T & 8Nt kg 3
AL7zbD T 5,
2) BEIEC L AEIERT 5,
3 kit Fig. 1 ©Z & EEBRBRCERE LT <
HDETH,
4 IKOFEC LB EEEMEY% LT 5,
5) IKDFHEEIL 4.6x10-5/atm & 45,
6) FITHEHREL L THOMT,

P oK

@ @ €)

[ @ ¢ ® s

X ] LX

T 2¢ 1
@ Stopper @ lce
@ Woater-ice interface ® Water
@ Pipe
Fig. 1 Schematic illustration of freezing in the rigid body
pipe.
7 Fig 1 wiklice s EoaeEy 2l & LTAS

MHNHRC B LIS 0EY* 2 45, 20Li
U CRDEE L7e & I & T U7 AR RS b 2 T Ik D
DRERHENIE UCTEPRE OB X 55 LARb B &
XD ZEL b,

P=(1/B)-al(lta—a) —-verememeii(])
22T P AR, B KOEME, o komEisc
L BWEENE, a=x/l Thb, )RTEE 4), 5%
fEAAND LD E L b,

P=1.77X103d/(1—~0.926l) e (9)

CZTRETRLINDENEDREM I &L 5% (L% Fig.
2 WRLTEL,

2:2 FRECE->TECMDBIED
WERNTELHBC E bR IERNED LHIC L - TE
M BIGTTDEAL RO THD, EOEEY20mm & L
WEALImm & UCEO M ER B 5 I5H O sige X
HEALL Fig. 3 Wi Ze b, ZOHE, EoOM
NN BISTIE M B A b 2 IEHD¥EST i Y, &
TR A MRS A B 74,
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Fig. 2 The variation of pressure with freezing in the
rigid body pipe.

/
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Fig. 3 The variation of hoop stress with freezing in the
rigid body pipe.

Fig. 2, Fig. 3 inbbnh &k, Bk L HERNED
EHEIER X, FRECMbLDIGT ENEC R
LN %, SO &SR TN BRIl
Fl & o TERBEEET S 2 B8 T0ELBND, Tk
bbbt 5e 7 v E LT FROKOEEC L -
TENRPBHE AR TZ L ABEIE AN b0 Thid ik
VAR AN

o2

31 EROKOFREICLZEOER
WHERRE LD L EBEFLT, 7N 2B TOR

ETHLTWE, ERCLDEDOERCOWTHRETT 2,
1) BB U ERE LT O0 D,

2) Fig 4 wiRkd & Tl 58Ttz
BICKEBA LD &Y 5,

3 ki Fig 4 wiRd o & D DAFRNCER L,
BAET L B KON X TERBHERS 5 &
DET D,

3. ® F

4) IKOBRC L HEREMLI % LT 5,

5 KoOFEHEZEE 4.6X10-5/atm & L, T L L
BEARLED 7Dtz DKOITEHEE, EHE 250 |5
DO TRFRE, FKIERSN Wb LT
%o

@ @

/@
[ ¢ ® § ]
] .

[ 27
@ Stopper @ lee
® Water-ice interface G Water
@ Pipe
Fig. 4 Schematic illustration of freezing in the real plastic
body pipe.

Ll o {RmED &0 T Fig. 4 7» 58S U7cHléa e & ms
S DEFEARDTCH D, a=0T S=S; & L, ik
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E=(1=BP) -/ (1) e n(3)

ZZTRE 4, b E1k 0082 Linh, FlwmF
2 \WNTHEEN BUWERD 2 & & Mo HRRAED 350,
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COWAFERE I XTI EOWHILED L L TFEx, &
OHEFEOE B & #RDB EBRD T &L b,

o = (E]2) In(1—@)~1 oo (B)

IITE Ea tOMRYETRTSFigbnle<k
b TekBHILI L 2EOEWR T, EOWMFHOE I
HELRNDT, & LEOREHAOE & & L O
(6) AL D 37D,
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0 0.5 1.0
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Fig. 5 The variation of hoop strain with freezing in the
real plastic body pipe.
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Table 1 Details of the specimens in experiment.

No Material Size of pipe Tensile properties
Diameter, mm Thickness,mm Yie%{dg/sggrégth* Tenﬁigl/emsgzength Elongation, %

1 P.V.C. 18.0 2.5 — - -
2 Pb 19.8 3.4 — — -
3 Cu-H 15.0 0.85 — 44 9
4 Cu-0O 15.0 0.85 5 25 51
5 Cu-O 24.8 2.6 5 24 58
6 Cu-0O 21.7 2.8 5 24 55
7 Cu-O 21.7 2.8 5 24 55
8 Steel 21.7 2.8 26 40 40
9 Steel 21.7 2.8 26 40 40

* 0.2% offset
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Table 2 The deformation of pipe by freezing.

Material ; Cu-O Freezing cycles ; 5 Distance of each measurement point ; 100 mm Diameter of pipe before freezing ; 24.8 mm
Point number 1 2 3 4 5 6 7* 8 9 10
Diameter after freezing, mm 25.5 25.0 25.0 25.0 27.0 27.5 29.5 27.8 27.9 27.9
Point number 1 12 13 14 15 16 17 18 19 20
Diameter after freezing, mm 28.0 28.0 28.2 28.6 28.0 27.9 27.6 27.4 27.0 26.6
Number 1 ; Valve side Number 20 ; Stopper side * Break point
A = End of freezing
O = Beginning of freezing
Stopper side \ Center Valve side

\ \ N\
\C/—VV& Pipe g
) \ \‘\/ﬁ\/\—&ﬂ\‘\ \ ’\-\\ \t!/"'"\/\\ L\\
\ \ L el L \
\ Lrome,, \ S ezt \
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Temperature, C

- 20

Fig. 8 The temperature of the fest pipe and atomosphere.
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Pb 1 0.02 0.01 l —
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MIG Welding of JIS A2P7 Aluminum Alloy

by Yoshihiko Sugiyama

3;,;;**

In the U.S.A. the modified aluminum alloy filler metals such as 5183, 5356 and 5556
have been developed for welding Al-4~59% Mg base metals so that they may have their
own uses for the specified base metals as seen in the examples of 5183 filler metal to
5083 alloy and 5556 filler metal to 5456 alloy, though in some cases they seem to be
handled as a group because of their approximately equal Mg contents, while in the U.K.
and Canada only NG 6 and Alcan 56 S filler metals are available respectively for welding
these base metals.

This study has been made to compare the properties of welds in JIS A2P7 (A.A. 5083,
B. S. N8) alloy made with 5083, 5183 (only for cracking test) 5056, Alcan 565, AWCO

NG 6, 5356 and 5556 filler metals.

The results obtained are summarized as follows.

(1)

The chemical analyses of the deposited metals made on 99.85% Al plate showed

that Mg loss increased with welding current and seemed to be affected by arc voltage.
Mg loss estimated from weld metals in A2P7 alloy made with various filler wires was 5

to 895 of the Mg content in the wire.
be lost, but no Mn and Cr losses occurred.

Regarding minor alloying elements, Ti seemed to

(2) The fish-bone cracking tests for A2P7 and A2P1 (A.A.5052) alloys indicated
that A2P1 was apparently more susceptible to cracking than A2P7 alloy, but the
cracking susceptibilities in both alloys were little affected by the filler rods used. Whether
Ti is of any significance or not for cracking sensitivity remains to be investigated.

(8) There was little difference in the gas contents between the mechanically finished
Alcan 56 S and the chemically finished AWCO NG 6, as well as the gas contents of their

weld metals.
desirable.
amount of gases.
cleaning method.

Therefore, it is difficult to point out which type of filler metal is more
But the chemically finished filler metals except NG 6 contained a large
This means that care should be taken in performing the chemical

(4) The total gas and hydrogen contents of filler metals reduced to 4.82~6.49 cc/100g
and to 1.35~2.33 cc/100 g in the weld metals respectively. These values of gas contents

had no effect on the X-ray grade porosity.

(5) The mechanical properties of the welded joints were little affected with filler

metals used.

1. & L » &

FEREH 7 VI =y 288 LTALBEHENS LS
i 57 AA. 5083 44 (B.S. N8, JIS fitg7rvi—y
A& A2PTHY) o BECRWTIE, EsREY &
ﬁﬁ@&ébm%%74Wﬁﬁ%§nfbtﬂ?%ﬂm&
5T, KETH Al-Mg ZRE&& L L bic, HEOV A ¥
BFE XN, Al-d~59% 454D T 5183, 5356 fs L TF 5556
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AR5 ko, BEOMECH LTHREETH, i
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Table 1 Chemical compositions of JIS A2P7, B.S. N8, A.A. 5083 alloys and various Al-Mg filler wires containing
about 5% Mg.

i
Classification Si Fe Cu Mn t Mg h Cr Ni Zn Ti . Al
g 5083 (USA) 0.40 0.40 0.10 0.50~1.0 0~4.9 0.25 — 0.25 0.15 rem
g N8 (UKD 0.40 0.40 0.10 0.50~1.0 | 4.0~4.9 0.25 — 0.20 0.15 rem
L)
g A2P7 (Japan) 0.40 0.40 0.10 0.30~1.0 | 3.8~4.8 0.50 - 0.10 0.20 rem
5183 (USA) 0.40 0.40 0.10 0.50~1.0 | 4.3~5.2 |} 0.056~0.25 — 0.25 0.15 rem
et 5356 (USA) Si+Fe<0.50 0.10 0.05~0.02] 4.5~5.5 | 0.05~0.20 — 0.10 0.06~0.20 rem
E 5556 (USA) Si+Fe<0.40 0.10 0.50~1.0 | 4.7~5.5 | 0.05~0.20 — 0.25 0.05~0.20 rem
O
= Alcan 565 - - "~ . _
7 (Canada) 0.30 0.40 0.10 0.05~0.20| 4.5~5.6 | 0.05~0.20 0.10 rem
NG6 (UK) 0.6 0.7 0.10 1.0 4.5~5.5 0.5 - 0.10 0.20 rem.

Note : Single values shown are maximum percentage.

Table 2 Recommended filler wires for welding 5083 or N8

alloy.
First choice 4 %%%"l‘ég cTh}gii:% 1 Remarks
AWS A5, 10-61T.
5183 5556 5356 ASTM B285 61T
NG6 ; B T s A D A B W.RA,
(B.S. 2901) | A UK
Alcan 568 ' —_ 1 — ! Alcan (Canada)
A5556 | ass | — | Air Reduction (USA)
Oxweld No. 67 5
e |~ | = | ridewsa

Note: A.D.A.: Aluminium Development Association
B.W.R.A.: British Welding Research Association
AWCO: Aluminium Wire & Cable Co., Ltd.
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Fig. 1 Fish-bone cracking test specimen.

Table 3 Chemical compositions of filler rods used for
fish-bone cracking test.

Chemical composition, %
Filler rod

Cu Cr Si Fe | Mg | Mn Ti Zn Al
5083 0.033 0.03 | 0.14 | 0.19 | 4.58 | 0.64 | 0.01 0.01 | rem.
5183 0.06 | 0.090.18[ 0.2914.79;0.74 0.01 0.05 | rem.
5056 <0.01 | 0.09 | 0.006]<C0.01 | 5.18 | 0.10 |{<0.01 [«<0.01 | rem.
5356 0.04 | 0.110.09 ] 0.1314.85|0.14| 0.10 0.10 | rem.
5556 0.03]0.09|0.06| 0.06|5.37|0.76 | 0.13 0.13 | rem.
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Fig. 2 Effects of welding current and arc voltage on the
Mg content in deposited metal made on 99.85% Al
plate with 1.6 mm dia. 5083 filler wire.
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Fig. 3 Effects of welding current and arc voltage on the
Mg content in deposited metal made on 99.85%; Al
plate with 24 mm dia. 5083 filler wire.

Table 4 Chemical compositions of base metal and filler wires used for measurements of element losses and

mechanical properties of welds.

al Chemical composition, % R kst
Materia ca | Cr Si Fe | Mg Ma | T Zn Al emarks
JIS A2P7,
Base metal 0.03 0.22 0.15 0.23 ‘ 4.44 0.69 0.01 0.05 rem ALA, 5083,
B.S. N8
5083 0.033 0.03 0.14 0.18 4.58 0.62 0.01 0.01 rem. C.F.
° 5056 0.026 0.09 0.13 0.17 5.11 0.10 0.01 0.01 rem. C.F.
kol
% | Alcan 56S 0.010 0.10 0.08 0.13 5.14 0.16 0.02 0.03 rem. M.F,
§ AWCO NG6| <0.01 0.11 0.09 0.22 4.81 0.15 0.04 0.08 rem. C.F.
[ 5356 <0.01 0.15 0.13 0.22 5.18 0.14 0.16 <0.01 rem. C.F.
5556 <0.01 0.15 0.10 0.19 5.03 0.67 0.15 0.03 rem. C.F.
* C.F. Chemically
Table 5 Welding condition for mechanized MIG welding of JIS A2P7 test panels.
Thickness, Joint Wire diam.,| Welding Travel
Joint design Spacing, Pass no. current, | Arc voltage, speed, | Argon flow, | Torch angle,
mm mm mm A A\ cm/min Ipm degrees
Square 45
6 1 1 1.6 310~320 20~22 80 28
butt (Leading)
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Fig. 4 Effect of current density on the Mg content in
deposited metals made on 99.859; Al plates made
with 1.6 and 24 mm diam. filler wires.
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Fig. 5 Effects of welding current and arc voltage on the
Mn, Fe, Si and Cr contents in deposited metal
made on 99.85%; Al plate made with 1.6 mm diam.
5083 filler wire.
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Fig. 6 Results of fish-bone cracking tests for JIS AZ2P7
(A.A. 5083) and A2P1 (A.A. 5052) alloys.
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Fig. 7 Mg contents in the weld metals in JIS A2P7 (A.A.
5083) alloy made with 5083 and 5356 filler wires.
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Table 6 Chemical compositions of weld metals in JIS A2P7 alloy made with various filler wires.

Chemical composition, %
Filler wire used Cu Cr l Si Fe ‘ Mg Mn Ti Zn Al
5083 0.02 0.17 0.13 0.21 4.38 0.68 0.00 0.05 rem.
5056 0.03 0.18 0.13 0.21 4.65 0.50 0.01 0.05 rem.
Alcan 565 0.02 0.19 0.11 0.19 4.58 0.52 0.01 0.05 rem.
AWCO NG 6 0.03 0.18 0.13 0.21 4.50 0.50 0.02 0.05 rem.
5356 0.01 0.20 0.12 0.19 4.62 0.48 0.06 0.05 rem.
5556 0.02 0.19 0.11 0.21 4.59 0.68 0.05 0.05 rem.
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Table 7 Estimated Mg losses during MIG
welding of JIS A2P7 alloy.

Filler wire used Mg loss, % *

5083
5056
Alcan 565
AWCO NG 6
5356
5556

[N TS S IS =21

* Mg loss was calculated assuming that the average
dilution was 509 which had been measured from

the cross-sectional area of each weld.
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Photo. 1 Macro sections of welds in JIS A2P7 alloy made

with various filler wires. The marks on the
samples show the filler wires used.

Table 8 Results of gas analysis of filler wires and

weld metals and porosity ratings of welds.

Filler wire Filler wire Weld metal Porosity
Total gas, H,, Total gas, Hs, # i

used cc/illg | co/ilog | ce/lodg | ce/itog rating
5083 12.25 4.94 5.62 1.88 A
5056 18.47 5.33 5.23 1.86 A
Alcan 56 S 8.74 4.63 5.15 1.35 A
AWCO NG 6 7.81 4.79 4.82 1.55 A
5355 27.17 6.99 6.42 2.31 A
5556 30.51 9.16 6.49 2.33 A

* Results were based on the standard specified by the
Maritime Technical Department.
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Photo. 2 Photomicrographs of weld metals in JIS A2P7 alloy made with various filler wires. (x100)
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Fig. 8 Hardness distributions of welds in JIS A2P7 (A.A.
5083)-0O made with various filler wires.

Photo. 4 Typical face bend specimes of welds in JIS
A2P7 alloy made with various filler wires. (Bend
radius: 2T)

Table 9 Mechanical properties of welds in JIS A2P7 alloy made with various filler wires.

Undressed* Dressed **
Filler wire used Tenslzlge/ strength, %68%:(55%%%31 Elongo/jtion’ Tensli{lge/rsntrl;fgngth, %66%%;;{%%%5}1 Elon%:tion,
5083 32.0 15.4 18.5 30.6 15.5 15.8
5056 32.3 15.2 18.3 30.7 15.1 17.5
Alcan 568 32.1 15.3 18.8 30.2 15.2 16.8
AWCO NG6 32.0 15.2 19.5 30.3 15.0 16.3
5356 32.1 15.4 17.8 30.1 15.2 14.8
5556 32.5 15.3 20.3 30.9 15.2 15.8

#* Fractured in the base metal.
** Fractured in the weld metal.

The tensile strength, yield strength and elongation of the base metal were 32.3 kg/mm?2, 14.9 kg/mm? and
239 respectively.
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Shl FERET, WENL20mme FEREETH D, 815°

57

I

'

D =R E &
DUy T
¥om OB oAR* E o a

Cx 8hr Bepli (WE), F7213, 630°Cx0.5hrgst (&H
BeEhh) L TERBRC At Ui, BMAOMERIREE 2 R, B
BEHEEER L T NERRT,
3. BiR5IERMEE

1007~ L1000°Cle st A i ia s IRV CPATHBE 6.4
mme, ZLIERE 25mm, FEE I 30min, 272U,
700°C L _E 3 10min) 1358 3 i L, A& DR
RITI\NTHE 1~ 2Kz,

oS, SRR IMRED LR ONTET I 5
Fig L0738, BB 13 200°CHh = 2% L3 Fr b Lictk
400°C Bl L CHOME T OEIEHE L A b BIIEEM S
T & BT 3 B 8 200~300°C 1okt B 5 IR v o ik
M, MiFHEs00°C, BEERvI1E400°C A Z 2 5% Ly

g 1% it 3 o b ¥ RS
. 1t B X 4 %
Ni Cu Mn 1 Fe c Si | s Pb ] Mg } Al Zn Co } P
ASTM BI163—61T [63.0~70.0, 7% <1.25 | <2.5 <0.3 <0.5 | <0.024 — — — — — —
JIS  H3661 63.0~70.0] 7% <1.25 | <2.5 <0.3 <0.5 | <0.024 — — — — — —
B # oA 66.986 30.55 1.03 0.93 0.06 0.16 0.006 0.003 0.03 0.01 0.09 0.14 0.005
ES # B 66.724 30.65 0.99 0.95 0.09 0.24 0.008 0.003 0.09 0.03 0.10 0.12 0.005
g2 % O m B H
5l 53 3 " i & b Y —
i
# ¥ mowe B, | om . | sEEme, | smmsme.l @ v, | & U, vuan, | Ken-x,|luyryan JIS 38,
kg/mm? | kg/mm? | kg/mm?2 | kg/mm? % % 10/1000/30 10 kg By~ kg-m/cm?
ASTM B163—61T (‘&) — >10.7 >49.2 — >35 - - — <75 -
ASTM B164—61 (i) — >17.6 >49.2 — >35 —_ — — — —
w g | JIS Haesl () — — >49 — >35 - — — — -
B2 ¥ A (0mme i)W 17.7 19.9 51.1 132.1 49 77 101 133 62 39.5(%
#® # B (20mme ) — 21.7 54.0 143.3 48 77 111 146 68 —
ASTM BI163—61T (&) — >38.7 >63.3 - >20 — — — 85~97 —
ASTM BI64—61 (&) - >42.2 >61.1 — >22 — - — — -
5 | 18 HIsel () - - >60 - >15 - - - - -
Bkt
2 M A C0mme )@ 43.2 52.4 66.0 138.3 28 72 171 203 91 36.3¢®
R # B (20mme i) ® — 54.6 70.0 146.4 28 70 186 214 93 —

(1) 815°Cx 3 hr #idt, (2) 630°Cx0.5 hr ¥igt, 3) mfed,

* B
G

Tl
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bfﬁ%%ﬁ%ﬁ},m%&%UK%JTD-:vam
DNWTDOHERIEER & & T2,

70 } 4

60

e, %

I
Wk

30

20 >

= N
N
A BMICET Lg%, 7, 700°C 3 & TLIIKE & \\ﬁ
D ISR O T3 0515\ B E & % D,
{FEIRED FRWONT LUV 4545 B Olo 200 400 600 800 1000
850°C, IEHBREFHES00°C A& 2 2 B L BRI T AR L, T
700°C HI3E CREEICE L0 b, HOEST 5, BB WO RS IR

FE L

A DS (<100

fit 7y, BI5EEH, kg/mm?

4, BB Y —THRE

SER L 3 ton BRI 7 U ~ TR (BB ETEIE R
10mme, FLGHERESImm) % FAnWTiTay, HEREES00
72\ L600°Cliz e © #0577 T 1100hr 475 L7284 DS
=7V - 7HERREE I ~4RCRYT, 7V — THE (
0.194/1000hr s 1 0° 0.0195/1000hr) (38 4 Eizml, 8
E&@%%m%mf%5§6@mm%ﬁiw%%%;fm
=y D7 Y — THEESED TR L,

79— 7EREEE300°C i & D IRE O LR O TR
CET 45, WEIKEREH I DENI Y ~ 7HRES L
oh3, 500°C Ll Eicin s EMHEMICEINT LA Ein, %
7o BE~OEADbRBALIC X2 T s =y e
NT=y 7 VIR AEEBE L </ 2 ) -7 lmELY L
Do

ﬁ%ﬂyﬁmobf@%%ﬁ%m%@INU)&@BB.
Betty 02 &nid I <—BLTnb,

5. EREHIRE

RN R BB IVE GRUBRH T 8 mme, 3000 T | - A 8
rpm) %V, EBREEE N L500°C ihbre o T - 0

feo S-NUIESE T~ 8B, MMM (MEEMH107) oA e 1
B S RETNENRT, 59 HEHBREE L OBRICH B2E EOREH O SRS R

— 92 —

ff v, %

witry, Bl kg/mm?




(105) i K% & B ¥ B April 1966
B3 & wmom 3 koM H O
= B #® # A #® #t B
6 o # % | BoH B kM u " } BB ok W
@ 4, | B, | mo e, | m om | smEmy, | om0 e, ® | By, | M fﬂ W o, | BEEm, | W e,
°C kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % t kg/mm? | kg/mm?2 %
100 16.8 47.6 47 48.6 62.4 24 18.3 50.8 42 51.5 66.6 27
200 14.2 46.2 41 45.4 59.3 24 15.1 48.5 40 49.9 64.1 25
300 13.7 47.9 42 44.3 57.7 24 13.7 50.0 41 49.1 64.0 24
350 13.8 48.7 42 44.0 58.5 23 13.8 49.7 37 47.8 63.3 23
400 18.7 46.4 45 43.6 56.6 22 14.1 49.3 44 46.8 62.2 25
459 13.0 43.9 44 44.2 55.8 22 13.6 45.8 43 45.8 59.7 25
500 13.0 40.3 45 42.5 52.7 26 13.0 40.1 49 45.3 55.7 25
600 11.6 28.3 58 34.3 41.0 32 12.5 29.8 54 34.9 43.1 33
700 — 19.6 71 — 21.3 69 — 23.6 56 — 23.1 64
1000 e 5.5 34 — 5.6 40 - 6.3 40 — 6.7 40
(1) 100~600°C (3EEHEM 30 min, i 10 min €& %,
30 :
LT :
-1 -
20 - o, o] - = l
0 -
S -7 Pam .50 - T
Nik g e i o H#B, #& ’ﬁ[
T sl Lt o BiA, BRI
tob—r e T | . 4o} *-FHB. N ()
& Ao L £ = 7 NEAE 5 B
£ T~ Z £ U-, 1
P r v .
2 o p% 230[-10% % 2 70 = 5 X%
.9 Ly A - I *\2 % H
g 4 - 2 i \>o _H
< / Riaid &,
12 S ™20 < N
—/ ] 7’1
Y | = 2
2 5> A8, 8. Betty & Dol N A\
- . - 10 T - - ~
SRR 2 TRT & Cu-10. 16% Ni-1.00%F e, #¥ ~ ‘\,\\\
’ ol Cu-31. 35% Ni-0.57%fFe, #H
: \
0 100 200
0. 001 0. 01 0.1 1 ﬁﬁi%opg © 400 500 600
7) — 7HIE, %/1000hr '
e T B EEE EEE S~ FHREOB&R (0.1%
BIE WHOIH by )~ THITRE GAHE) SR RIEL 7~ THRITODE (0171000
50 .
SO - — T o BHB, B K
20 SRR Lyt e o HMA, EHBREH
2300C o T T 40 o AMB, EHBREH
30— a pp> b “ 2
- P 500°C é U"OO X
Rl e 4 > 10% N &
20 o A B30b% 7oy, p S,
E AL yelot” i T <>'\\ X
< ¢7/ #Eoo \\'\%5‘ A
210 4 ™~ AN
: 2 1 S,
R ] N B3
} 7 S 10 X ! %
2 - i & Cu-10.16%Ni-1.00%Fe, K11 ] a@x
R 4 oo C e v Cu-31.35%Ni-0.57%F e, B I
A o= e f 0 100 200 300 400 500 600
T 2 > REBHE, C
2 1 BOE WAL Y — THEDRE (0.019/1000ht)
0. 001 0. 01 0.1 1

7Y —7#EE, %/1000hr

BAR IGHBREHOISTI—EN Y ) — THEERR
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= T VERE SO IRMIE & B ARSI ONT (106)
Ea4 Kk vy~ TR "
b HH T T
= ,)':;;gc_ o ol iy 2
# # B “ NI 300°C
oc 0.01%/ 19/ £ 38 -
000 hr | i000 br S AL N K I
~ 34 CTRH NN
~ 400 17.0 31.5 g X
BB A | EhBRE R SN
500 - 10.7 30 ~ &__ﬁ S
= = Sl 3
400 1.1 50.5 26 400C S
1% 7 482 5.9 13.4 - 5 1 l |
538 2.3 6.7 104 10° 10 100 5x107
35 [ %
#® 300 40.5 - o arp e e e o .
#oM B ESE MMA, IEHBREHD S-N i
400 20.5 42.5
s W 3 500 4.7 12.2 30 | ;
550 2.6 5.4 e | Il
600 - 2.4 "?(,sf E
25 3 hﬁ»%ﬁ‘ﬂiﬁ h\ﬂ
e -
o 51‘{‘%
320 = 8 . \
SN m §2on\\
30 ™ mEg o § \
PN IBOOOrpm o %
28 i i ~
N i 300°C s
E 26 e ; N, \;'\\ - #§ 15
> ~N%:; N 200°C ;
2 \N?\\ N = B
.24 g RN
R ; \\ L | 5<\
.22 X ST et 400°C 10 .
2 (2, ~L T ] 10% % 27 0-= 4 LT
O~ T -
20 A BillieN e
v T ==t
18 = 3
I S 5
” | | 0 100 200 300 400 500
104 105 108 100 5x107 BB RIE, C
il Bl % #HIN &Wm&twwﬁk®wﬁ
ETE HMA, ®EDS-Nihg (= o & VGG & S8 3000rpm, {lix1700rpm)
% 5 4% 1;1 i »}4 1j & ESE N M /}\ Z%E
: PR OW D5
@ 7 # B R aogy ,
®oos | B , %
°C 105 ’ 100 107[® 105[@ 100m@ 107m1 i B’ Nl e
O 28.6 24.5 20.9 — 33.3 28.1 0 0
100 23.9 21.0 19.3 42.5 31.1 28.2 7.7 — 0.4
200 22.1 19.0 18.1 38.8 27.9 24.3 13.4 13.5
B A
300 — 20.4 19.4 38.0 28.5 25.1 7.2 10.7
400 26.7 22.2 21.7 36.7 28.2 26.2 — 3.8 6.8
500 21.8 18.5 18.1 34.1 27.8 25.3 13.4 10.0
WO 26.1 23.8 22.8 — — o 0 —
100 25.6 22.6 21.1 — — — 7.5 —
HH B 200 24.5 20.6 19.1 — — — 16.2 —
300 27.2 23.3 22.1 — — — 3.1 —
400 28.5 24.8 24.5 — — — — 7.5 —
7RI, JEIBREM & DBEDC ERICONTE T, =y 7V VEEEC KT HEIROESEIE Fe Zofho

T4 57200°C %= 2% @b, 400°C ffceE
BICELIZOBEUET L, Z0o@EmiEx. 7 -
T DEE LE{BEHTHD, Fe&Aﬁbkm@@mmo
W L300°C ki BT RE DM LR h“r‘ofmﬁ:b\@

— 4 —

=y

B BRI S B0 d Litien,
ks, BIMEREAND &, BRI L00°C @bz b

BEIISIGRER LD bk L%
30%3?:_7 i=a

6 kg/mm?2 f2Eg LKL,
=y k) bkg/mm2 i3 EEWEE b,
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6. BEBEDL LY

Pl EDORERROER, $7hbb, FIERE, 7V ~7%8
FOYESTHRE A L, BE L DBRIC S T ELIR K
B, FUECISHBREEICDOWTENENRT,

70
— RHA
----- 18
60
\\
so SO IERT
—"N 7 —
(0. 1%/1000hr)
E 40
~
lo3
Ve
=
< 30
# \ 7Y — 7RE
\ (0.01%/1000hr)
5 \ e
\/4??524?‘ Q
~ QR
20 \ — -
N AY
N \
it 7; \
10 \Y
\
)

0 200 400 600 800 1000
WEIRE, C

BIR WHOMEREDE &9
70
~ |
\\\_ m—— ﬁbj‘A
""" ~< ———— HHB
60
'\

\

\

B A
£ W\, 70—
5 \\ (0,012 /1000h0)
‘ 106
y \

\\ é
50 \ ~ 7Y — 7R

(Q 19 /1000hr)

S
o
-
—
-
-
=
———

~ »

0 200 400 600 800 1000
REBRE T
BN [SHOBREMOBRBREDS & ®

INHIOWTHE T2 &, WEIX400°C ¥ Clif%,
JEBRZH13350°C & CRESTHREL & £ ALE NFARIS IS
DEHLZETHZENEE L, TREULEORETIE S Y ~
TEREAFE LT IR D E . Fie, WH EICTRRE
BMEEND L, BEDHNTINTWED,

1. BEEYRE
FRE NESR R B B E R 0mme, 1700
rpm) &V, KEKE £ O3 %A KR T A o R
#H T, 300cc/min) # fTinofc, S-N fhifsuk 12K
W, TR (MBEEH108) &R Ey H 6 RICE NE
R,

52 : P
| I
48 \Jﬁ b %= fh 7
~S}\ 1700rpm
44 5 Ll |
T
i i
40 : S W HBRER
€ 36
£ IS
232 S B A
. - A th \‘\ [Tt
R 28 i = N Ktk
ApCat N
& oy Uiy~ Suh
Wjiiins
20
% B ki >‘ Pr]
16 X
’\\\ M
12 T
3% & EKH Ry
g W E
104 10° 10¢ 107 10®
;12K M BO S-Nihs
B6XR MK LI ORDE GIB)
W R
) % @ %% R kg/mm? ) Gosmy,
1098 | 107@ | 108 %
X b= 2l 26.0 22.8 21.9 0
ik 7| ok ok s 25.8 17.9 1.6 47.0
39 fastiskei (D — 16.0 10.2 53.4
K % th 36.7 31.6 30.2 0
S BER | KMok RO® | 354 2.2 16.2 46.4
39 fifizkef (O — 23.3 14.2 53.0

(1) #¥f 300 cc/mina

BAEOFEREEBEI0 AT L b N, BERKI0%
RO B ETREGEE, SREN & bAKHOME H K
K TAT% 1B, 3 %AMIKT T 53%I13 KIET Ui,
M%&ﬂlﬁ-ﬂ%ﬁ%iw@ﬁ%ﬁﬁmomfﬁﬁok
BERTHE, WL h KRBT A F SRR L D B L E
2kg/mm? |3 ERESR EER LA, KERTIZE
DESTIEBRIhoT, -

BIIAGF, * o 7' m - =9 7 vin ¥ DA IREE
oo rVEREEEENTERLELDTH S, =y rv
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FE&D 3 BEEKPT BT DA MEIR30% % 2 7
W=y v EEEE, L LIEETEDL LD THD,

35
Cdx % ;évgm
. 30— & itk b BuRERSE
€
£ Bl 3% aiiked
225 E .
PRy 10%% =270 20%%270  30%%27o-
= oyl = i - i
¢C>> 20““—f_“’\—‘f—"ﬁ ——e e .
X
= 7]
iR
e
TR o E E E B K E ORI
45 = = 1
= = = H
X X X &
# & g # 5 # # I # @

BBIBR WYL O L

8. #& 03

=y rVEREEOERBE It OIS AR RE LD
P LTz, BONIEREAENTLEDOEDL D Th D,

(1) #EE400°C % CiH%, IEIkREME30°C T
Pt h T ENHBRIS LR R L3501 EE L
<, FNLEDBETEZ Y — 7HENDEIRISTEZHE X
DLERDHHH,

@) SHERERIE LD 3 e BRI & b Do

(3) BAMEIFRE L R M08 i\ T RSP DHE KL
DKIEAFTCATY, 3 %AEIKFTI%IE ENTILLIET
Lz,

Ll EotgRMER EosE L f;ﬂ’béiﬁgf&%o ks,
%%T&@?ﬁmé%bt@f,%@i%%%%vtt%
724N

X ik
1 R, HeR o RAK
2) B.B.Betty, H.L.Eiselstein, F.P.Huston, Jr.: AIME,
Trans., 161(1945), Inst. Metal Div., 441
3) BH, M AEk, 1-2(1960-4), 153, 15X TP IR
B, 10-96(1961-9), 723

4) D.J. McAdam, Jr. : ASTM Proc., 27-11(1927),102

5) M : #ElEER, 7-52(1958-1),39

6) FEFH, A, Hrh @ ZEk, 1-4(1960-10),284
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W73 = v 2 OB FBMENT X 5w T OB

1. #

SBOWHEL S D IR > TED B« DEE
DO TR EOMBE L bHE - THLIALHAND
H, BEENCIEEL I Db o TWBR, ERHEIL
DB DTSRI RBRE R SRS o lce TOT EIX
ELONTEOE b EMDE R RFL LTIINET
XA ks E 0L, cheTHXELZT TIRLN
T U VE BN ol led Th D, LD ICHRILER
EIHEMELAWLZ Lk h, &BREONIELE
I TX D L H it oTotoi, I LSO
W BB B S L RN EA L DT TE IS

T b bR LB BN ER Y 525 L, IR
RLHME D TN ID » CHEBN A TR, BRORN & FTHERALO
BLEmL, Bic 0 BEEYCEMO N ETH—
H, HOZRIBH FROEE LD, WAMOMEERT
b jog DAL cross slip & biE D, REBICIMTHEEL
LT, Al crimTashts LRAID o b cell
EOWHAEFELUTTL 2 BB T W5, AR
COWTIED & D R—ICORMBENE DN TEN D0, Hik
FIOWTII R R A2 <, FCEEROMERE 4
LADBNTAND R L b BPREEHIR L,

FID XA TS RSB OB L ST HITH
D, WEF & UTHETEMMTHEROBRO S D X ¥ LB
Lize BIFEWTHEM AN D S MBEOS WREMILS 5
WA AL S T, B NS E 4 OIMTTERD
EEF OB GER S D S5 FETE S,

2. H OB fF &%

Al OBEZELSHESIITMYOEEREBIAE{EZHEN
B EREBNT DR, MTHEREOLOIIMETIZ &
A EERNENE ENTWDB, X TRERE LTI
M AL (Mg 99.8%) HW=, TibbITHEHED 3
mmiFF T & LT, Sy 0.lmm % CERE L, 350°Cx
30 min BegianiEsE 5, 10, 20, 50, 70, 909 o &PHEHE
T otz ZNBEEREM A U COEFEMSELRCIET
SRS X DB OBERTT o7, BFEBER L LT
AFEER L b 20X 40mm DR A B L, Window i
L D 10% B +90% # F v 7 v a1 — VIER I TRIA K
H 10VX0.3A/cm? 046 CEBME AT\, HBHER
BB AR Uiz 7B BEMEREE & L Tid 20X 30mm
OERFHTE L, W UERRC CEEITE L.

*OBgRE

il

1

In ROR

3. HEEEERE

BEStioD & F ks L OETHIER S U730 OB SN X
%3 7 wiflfia Photo. 1 \wiRd, BEHOEFD I 7 vifl
Bt oR R AR A Uich g 0.01~0.03mm i disr 2
BT W5, izt Fe 7o ¥ DRME & 5\ k2
BIcEET A Yy FANRDRBNDS, WHMIMTET 5T
33y AR 209 BREE Clkd E h B2 R n
By FRLLE e D &SRR FEFE S P RO T <
Do INTEE50% Tl AP BEHIRS OSSR I —HE - T
HOMREBNBN, 0GEETEEMLHEBRE R 5.

o X CEFEMEC &AM AR &1 d %o Photo.
2 LD F FOMBTH D, ENWICEAS U
T, bEWIEIR TH BN, FTHHMORZD T Lo bR
sEEEII R UTh LEWTWD Z bbb, FieET
DfEREIIEO = OO E 23y P T A TRELLE S
TWAY, Lok, by ) ¥ Bragg HEO
S h TR LB EBTHROBENEY Lol itk
Bo FEMERIPNCE 2D d1 NIRRT H B, Z DBEEH
SEEIHEFI I N T WA B in <, BEEENL 3X
107/cm? FEEThH, Photo.3 X5 %MI Lk Th
Do —EBICIHRAIMED b ONME 2 B KBS OEARLILIFET
CIREEATICEIE LT 528, 5 EEmE s U CTEW g
DEECHELDLEZTBND, 20X 5 hiBRIEEI
BRI L D, RS TR D ERE L T\
Vo F I EEIOERAII IR RO R B ASEE AT R Y
HE ik Dh, FEdi: cross slip AU CBIAREBYELE
kb Epbhnb, ERBEEPREBHANERNEST
WAHM, ZNITEEATEHE (Extinction contour) T,
HENEH LU TWTEFORS T b x5 & Brage Rtk
LTEFz2 Y+ 72 &L DTHS, Photo, 2
DBESIH & T, 5 %DOML TERL ) DB L T
BOh D, BRIEERK 4X108/cm? TH %,

Photo. 4 210% M L b D TH B, BAOTFHEAAL
Lo h, —Eicit de FIoZ &< cell BDBRMII
Ao TETWSZ ENibhh, EAEEIL 3X1010/cm?
BETHLN, ZOBRMTIRALIAKSEFIbHOZE
o & D EFEALTWS,

Photo. 5220 MT O LD TH B, ZOEMITRS &,
1343 cell BRAFERICE-T%, cell size (& 1p Bl
b fofd L—Eicit cell SEREMRAE EO SO RS
B, BNk cell BRI 5720, cell FEicix
SR D T 7n fa b 3X108~102/cm?2 RRETH B,
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Photo. 2 JEslES D FETEAHER

Photo. 6 1350% i T#+% 773, cell structure (3525
L cell size 1x 1p Big & e B3, —8 cell RN
oD & & % iR R B D, cell PRI 7w
B, —IERAROBENTWAFibH 5, b cell AD
IR 3x108/cm? FBETH D,

Photo. 7 1X70%nTH % R4, Bragg JaHc L HEE
BT (BED A SAFEL TS, cell size i
1p FBET, 509N TH L IER UALAS, cell SRzt
REBN, BRMELEDESNE L, cell PYEROERAE
Elkkmdind 2X108/cm? Th B,

A

d) 0% H &

Ty ow M (x100)

Photo. 8 (F90%IMTOMEBETH B, cell FxonE T
DHD LB LTRRAEL 0.3~1p THYH, ZOEA
WA (NED O T o H 5 sharp /¢ sub-
boundary )7t W EEET B, 45 sharp 7z boundary
IRRIBOERNOREB LIzbD L Bbhs, cell ik
BRI TRy, digiid grain A o 28 <Y
CHERLDBEETH LD b H 5, 27 ik cell boundary
R F I UIBEITH A 5 o 0% ImTH O M
1T & A ENMPhoto.8 © 2 & {TH B2, —Hicik Photo.
QR UM RO/, Zhik Photo. 8 &&7D

— -
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Photo. 7
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i v,

flir v = AOBFHEEENC X 5 BENTHRROBE (112)

sharp /r subboundary (3 B454, BB LD 14 70

boundary $ROHNTED, @k LT, cell RUELS 0 ,gjé 50
FIRAROCHe Y, cell size (i 0.8XEy Lo~3p 1T -

5B, TNBHDI EHE Photo.9 ik Photo. 8 o i & E10 ///R/ 50

D KGR TR R &0 & BB, 7 ol 40

4 = = &, 2

T B MBSO BT it Al OFERMTM#BD  * \\ 20
WD E¥D LS LC R 152 Eptbhd, Thb S 4 )

B, 5% MTTIERLD & ONAEI, 1095 5209 T & 2 jx__% 10

T cell f#EEDHR MR, 20%~50%in T T cell 0 0

RESEIEE LTI 1p o cell size Lin, Z0Z kit
R 3 7 v AR CREEE ORGS0 DT C I b &
N, MTHEBRET DO LIF—B LT B, #45 cell
BERROSRERBETHLI TS, L2ATIDX
57 cell FEEOEIEMIRE L XEHR A SE SN
DRERELED LS MBRESDHDOTHAS 5,17 Fig 11k
BMLEL BT 2B AR LICEDT, Whdadn
THEbEs & Wb LD THB, TR LD E BIER
Eop WMIECHALTHEALTED, O%NTEE
NI L 5B OIS oV, E/2 002 125 %0
TCREBC LA U109 TEL B IL5 [BRE v & ST LTk
0%, TWAMMEMIE (5%T) TREIEAXL LA
DVTIRALOYETE LARAL D b DNDOER L Bbh b, 1095
BOMIE L 508 BRME O cell FEEORA,
LEELUTIB 0, MIER L5 cell size 0%kt E
DRz EnD, ITE{E S o iES cell boundary 1z
AR EOR AL boundary DS X h Rk

R.D.

a) BESE D ¥ % b) 5%

R.D.

A 20% F & e) 50 % EIE

Photo. 10 Al EE I © F 8 X B | i 5 &
—_ 4 —

10 200 30 40 50 60 70 80 90
BIEEES, %
Fig. 1 #fi Al O & 2 LiEk

% low angle boundary 7»5high angle boundary ~o
HTe Lo Bbivs, cell EEHMOEE I LA
HEERENTWS L H T, cell BEED] L e i
WAET L, cell D5 & i CDETRLEL i
Do

Photo. 10 3N TEC KT BB XEEH B X T b
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BaEE VELMho Al-Zn-Mg RE&4 & HENTTRTN
B

AEEHE ZQB0 A& ic D\ TRV, B eI
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1) Epghiges K OROIBRE RO

w1k # B M 0o b F R S

it £ 4 s %
® # Zn Mg Zr Ag | cu | s | Fe | Mn Cr Ti Al
& e 5.0 2.0 0.2 0.15 - - - - ~ - =
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T3 =2 aE4 ZQ50 OB EE (2

2) BlERME, ey, &
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E2H REWN L BWRGEY
3l i t Uiy I v one WML (107E), kg/mm?
B o8| ® o 5l "o, Wt EEES o R Ty (V=2 8
kg/mm? kg/mm? % kg/mm? 10/500/30 kg-m/em? | Oh B OR) | gross NS E
T 4 34 47 14 105 5 16 11 14
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T 6 50 53 14 130 2.5 17 10 14.5
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) it e e v %
#® H
Zn Mg Zr Ag Cu Si Fe Mn Cr Ti Al
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Hit B 5.22 2.09 0.23 0.21 0.02 0.04 0.08 <0.01 0.01 — %
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T3 = afE ZQ50 OBEMBEE
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® 23 B B 2 E: it 4, | BiEEmy, | HEMRY, | ¢, | B v, | # ot @
kg/mm? kg/mm? kg/mm? % % kg/mm?
s m A T 4| 465°Cx Throki5:30 & RIR L 37.9 51.6 57.5 10 11 7030
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2 # ki i @ e 80 ot
" ° dh 3
# %) " B oy 3 A § 13 X B o
7Y &, Yoy d X, wyz vz, | (13mme) IS 3, -
10/500/30 10kg BAy - kg/mm? kg-m/cm?
T 4 101 124 67 22.7 4.6 -
B A
T6 130 164 83 27.6 2.3 -
20 mme R
T 4 101 121 65 — 5.8 -
Eo ¥ B
T6 130 161 83 — 3.7 -
TH WB®H WERAEH A T 6 o - — — 2.3 -—
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I# 8w T 6
O iz @ C — — — — 2.8 —
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TR =y aGgE ZQ50 OEMEIEEE (7
4) BB, EBICHET35RME LHERE
8% 20 mm¢ MHE FAMB) OEEIIRER @
2 B 1hr & & 100 hr & # 500 hr 4% # 1000 hr & &
B R B wm o, | Bemme, (0 e, (W k. | BEEEy, W ¥, | @ o | SRy, (M ¥, |® A4 | 3EEmy, | ¥,
°C | kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm? | kg/mm? % kg/mm?* | kg/mm? %
100 33.0 44.2 18 45.9 49.2 20 51.0 52.4 17 50.2 51.6 17
150 38.7 40.6 29 31.8 32.5 26 25.7 26.0 25 24.0 24.8 27
- 200 24.7 25.8 29 15.0 15.8 39 11.5 12.5 46 10.8 12.3 52
250 13.5 14.3 36 7.8 8.4 70 7.0 7.9 74 6.7 8.0 76
300 7.1 7.7 64 5.2 6.0 100 5.0 5.7 — 4.9 5.9 82
350 3.9 4.5 84 3.8 4.1 154 3.5 4.0 144 3.3 3.9 134
100 47.3 48.7 20 48.6 49.8 21 50.5 51.8 18 50.5 51.1 19
150 41.2 41.9 27 35.8 36.2 26 27.2 27.8 25 24.5 25.0 25
T 200 25.2 25.6 30 15.8 16.0 42 11.8 12.9 55 10.8 12.4 50
250 13.1 13.6 36 8.0 8.9 73 7.0 8.0 60 6.6 7.7 66
300 6.9 7.6 72 5.9 6.3 76 5.2 6.0 84 4.9 5.7 76
350 4.0 4.8 116 4.1 4.7 136 4.1 4.6 120 3.0 3.7 100
O MBS (FTSEE 6.4 mme, Z&AHEH 25 mm),
B9X 20 mmé IHE GAMB) OERERE O
= B Yooy v ¥ - B kg-m/cm?®
i3 B, T 4 0 il 21 T 6 . i 7
°C
1hr & # 100 hr &5 500 hr 48 | 1000 hr ¥ 1hr & # ‘ 100 hr & 500 hr @R 1000 hr &%
100 8.0 5.1 3.8 . 4.0 4.1 3.7 3.7 4.0
150 8.7 8.9 10.0 11.0 6.3 9.0 10.2 10.5
200 9.7 (12.4) (12.0) (11.6) 9.4 14.9) 14.7) (14.3)
250 (14.5) (13.9) (12.3) (12.3) (15.8) (13.4) (12.0) (11.3)
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() HRAW JIS 3 SRR,
@ ) PIRmEReT,
10k 20 mme I (EMB) OERICKT 3 BMEE ©
T 4 A i T 6
& " * b il 7
ey B, : . Ve~ ’ . Vo M~
] it #, EE T3 i ¥, mls’%mﬁ it 7, 588 ¥, i e, @jfﬁz,@:
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