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On the Effects of Heat Treatment on Quantometric
Analysis of Aluminium Alloys

by Toshio Sawada

For the routine industrial quantometric analysis, it is necessary to know the effects
of heat treatments and working of test pieces on the spectrum intensity. This paper
dealt with the effects of soaking, hot forging, annealing, quenching and tempering on
the quantometric analysis in binary alloys (as Al-Cu, Al-Mn, Al-Si, Al-Zn and Al-Ag) and
practical alloys (as 3003, 2024, 2017, 2117, 6061, 5056 and 7075 alloy) and they were carried
out through point-to-plane methed with high voltage sparking by using A-R-L-P-C-Q.

The results obtained were as follows:

(1) As a general rule, intensity of spectroline had tended to produce same decrease by

soaking for cast pieces. And then Cu, Mg and Zn in coexisting with Cu and Mg such as
Zn in 7075 alloy decreased greatly, but Mn, Fe and Cr had no effect.

(2) The alloys which were preheated at high temperature for making solid solution had
not be effected by forging, quenching and tempering, and elevation of the temperature
decayed the spectrum intensity.

(3) The estimated percentages for all elements had be influenced by the condition of
metalic compounds in cast, but not effected with reprecipited compounds by tempering.

(4) For analysis of fabricated sample, we must use the heat treating standard samples

BB o

or remelting sample by using high frequency furnace.
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Table 1 Line pairs.

Element Wave length, A ‘ Element Wave length, A
Al 2568.0%2 Mn 2949.2%2
Cu 5105.5 Zn 4810.5
Fe 2739.5%2 Cr 4254.3
Si 2881.6 Ag 3382.9%2
Mg 5172.7
Table 2 Excitation condition.
Cas Inductance, |Capacitance,| Resistance, | Prespark,
se pH wF Q sec.
1 | Multi source 369 60 59 10
2 | Multi source 360 10 3 10
3 | Multi source 239 20 15 10
4 | Multi source 5) 10 5 10
5 | High voltage 360 0.007 Residual 10

Analytical gap: 3mm, Counter electrode: Carbon
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Table 3 Effect of heat treatment on readings
of Cu in AI-Cu alloys (as cast).

Sample 1 Sample 2
Heat -
m?:rlxt treat Quanto- Chemical | Quanto- Chemical
No meter analysis, meter analysis,
. reading % reading %
1 None 45.5 4.18 84.1 4.87
530°C % 20hr-
2 gngé o 37.8 4.11 73.3 4.82
°Cx r-
2 W~9- 37.1 4.11 75.0 4.82
3 | BYCx2Whr- 37.9 4.12 70.9 4.82
530°C % 20hr-
3 5. 38.2 4.12 68.6 4.82
4 None 44.5 4.10 80.5 4.77

Table 4 Relation between readings and heat
treatment Al-Cu alloys as cast.

Quantometer | Chemical
Heat treatment reading analysis, %
Slowly cooling from 530°Cx10hr. igg ig%
Water quenching from 530°Cx10hr. igz igi
Water quenching from 400°Cx 10hr. 56.9 4,56
400°Cx 10hr. tempering after W.Q. 49.6 4.53
from 530°Cx10hr. 48.0 4.52
200°C x 10hr. tempering after W.Q.
from 530°C>10hr. 49.0 4.55
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Fig.1 Effect of heat treatments on readings in Al-Cu alloys.
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Table 5 Effect of heat treatment on readings
in binary alloys.

1 1 2 3 4

Alloy Heat treat-

ment. R. C.A.% R. C.A.%| R. C.A.% R. C.A.%

None 10.2  5.04 25.5 6.95) 80.0 14.19 —
9.6 4.99) 24.3 6.95 79.4 14.13 —

eNone
Al-Mg| 4800Cx20hr- | 98 5.3 24.7 7.02 7.5 14.04f  —
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Table 6 Effect of heat treatment on readings

Al-Mn| SWPOX20Br- g5 1 000 401 0.4780.8 0.95)  —

600°C x 20hr-
oy 15.2 0.19 40.6 0.4781.2 0.95 —
None 17.4 0.44) 46.0 0.95 75.9 1.61] —
_ _None 17.4  0.45 46.7 0.98 77.2 1.5  —
ALSE) SB0C*2hT- 1173 0.46)45.7 0.96) 74.1 159 —
WQCxWhr- 1 17.7 0.4 47.0 097 74.6 158  —

R: Quantometer reading
W.Q.: Water quenched

C.A.: Chemical analysis
F.C.: Cooled in a furnace.
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Al-Ag 44Tk, HENCIREF URBELZR$T O T
DEHENR10%,15% 8 LU20% Th 5 3 a2 DEEHT DN
TH3B°CTR L 5 WBH R L O HRBOBUIR % 1T » 70 23R
LaBID L 5 LWL B L, T LAER
BREENDZETEH » TEMLBIE L DB & Bbiz,

Al-Mn &4 & TlE, v v FraaaE®D 0.29,0.5% % L O
1% @ 3 aFEHC DT 600°C 28 BEE LizhssEii i
BT

Al-Si 44T, VA BOBEBRIIENTHLD T A
FEBEE 05%,1 % B L0 1.5% 05tk 4 560°C &R
2085 AR U CRIS B S O OB A 1T - 72 32501%
HED BRI 5T,
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LPOCH2hr- | gy 50 241 692 772 1410 — in Al-Cu-Mg-Zn alloy.
None 10.7 5.23 33.0 10.12 56.5 15.10 82.2 19.92 Cu Mg Zn
450°C % 90hr~ Alloy | Heat treatment
Alzn| 9% 10.7 5.25 31.7 10.22 56.6 15.08| 80.4 20.10 R. C.A.% R. CA.% R. C.A.%
O HRT 103 5.13) 32.4 10.23) 56.8 15.12) 81.3 20.02 Nome 941 16l 506 253 0.8 578
Al-Cu-
None 15.8 9.80 49.1 14.80/ 79.6 19.60, — u None 48.7 1.65 542 2.55 49.4  5.70
| ss5°Cx 20nr - Zn-Mg| 460°Cx20hr. W.Q. | 38.3 1.62 40.9 2.56 45.5 5.74
Al-Ag wa, 4.4 9.75 48.3 14.8) 75.1 19.65 460°Cx20hr. W.Q. | 39.5 1.61 50.8 2.54 45.5 5.7
BUOX20BT-117.1 9.80/ 51.3 14.85 78.9 19.55  —
e R.: Quantometer reading
None 15.5 0.19040.4 0.47 827 0.95 —

C.A.: Chemical analysis
oG Al-Cu-Zn, Al-Cu-Mg ¥ L U8 Al-Mg-Zn 241
DNT490°C THIGE Uz 28R Dk b h3d B iz o
HATHMB LV~ % v 7 s ERBB BN oty 2
TLa&nb 3TWh B WL T 5D L (LE&MOREET Xk %
HFRMmbaTHASH,

32 —REe&lcONT
HIZHATO 2 LA TIRENCE LW ESL LN DL TH
90 T T T =TT T
, O: As cast
. P : Annedled
@ : Water quenched
A : Tempered

Exposure 20 sec. const

= Al
=gdp

Intensity (Chart reading)

S Mg

0 5 10 15 20 25 30 35 40
Pre-sparking times, sec.

Fig. 2 Effect of heat treatments on relation between
intensity and pre-sparking time in 2024 alloy.
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Fig. 3 Relation between intensity and soaking time
on Cu and Mg of 2024 alloy.
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Fig. 4 Relation between intensity and holding time at
soaking temperature 500°C on Cu and Mg in
2024 alloy.
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Table 7 The estimated results of change on

percentage by soaking.

™~
T~s |Cu% Feg | Si% | Mg |Mng% | Zn% | Cr%
35 0 0 0 0 - -
2014 —0.33| 0 | -0.05|~0.04 | —0.01| — —
2017 ~0.32 | —0.01 | ~0.01 | —0.03| 0 - -
2117 ~0.20 | —0.01 | —0.01 | =0.01 | 0 - -
5052 0 0 0o | —0.10 — - 0
5056 0 0 0 | -01z| — - 0
6061 0 0 | —0.03|-0.04] — - 0
7075 -0.200 0 |-0.00,-016| 0 |-0.22| 0
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Fig. 5 Effect of heat treatments and working on results of analysis in practical Al alloys.
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Fig. 6 Effect of casting condition on the working curves
of Si in Al-Si alloys.
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Table 8 Results of analysis for the fabricated

samples.
| Cu in 2024 and 2017 Mg in 2024 and 2017
N C.A. % | QA. % Diffe;éence, CA.% | QA% Diffear/oence,

1 4.11 4.17 -+0.06 0.52 0.52 0
2 4.15 4.19 +0.04 0.54 0.52 —0.02
3 4.05 4.00 —0.05 0.47 0.46 —0.01
4 4.10 4.13 +0.03 0.47 0.48 +0.01
5 4.19 4.30 4+0.11 0.32 0.35 +0.03
6 4.49 4.52 -+0.03 1.50 1.47 —0.03
7 4,51 4.61 +0.10 1.47 1.50 +0.03
8 4.52 4.54 +0.02 1.55 1.55 0
9 4.55 4.58 +0.03 1.50 1.55 +0.05
10 4.49 4.40 —0.09 1.50 1.48 —0.02

Average of difference: +0.028 Average of difference : —0.040

Standard variation: *+0.061 Standard variation: %0.026
Mg in 5056 Zn in 7075
No. | C.A.L% QA % \leference, o.} C.A.L% 1 Q.A.% Diffeor/oence,
1 5.02 5.09 +0.07 1 5.58 5.65 +0.10
2 4.84 4.91 +0.07 2 5.72 5.79 +0.07
3 4.96 4.91 —0.05 3 5.75 5.70 —0.05
4 4.92 4.88 —0.04 4 5.77 5.84 +0.07
5 4.37 4.26 —0.11 5 5.75 5.79 +0.04
6 4.38 4.39 +0.01 6 5.52 5.54 —0.02
7 4.45 4.38 ~0.07 7 5.85 5.63 +0.08
8 5.71 5.66 —-0.05
Average of difference: —0.017 Average of difference: —¢.030
Standard variation: *0.069 Standard variation: +0.061

C.A..: Chemical analysis.

Table 9121320174 & OB O /N X I 4 15 ARA
THEW L TOMN UickER% R Lic, Fe @\ EaxL
PR RTRARD & X BN LD EHB 2 Biv, THSTE LT
~[~,'/}(11'_: Btz % ik e A "f:mJ‘ Bies

Table 9 Results of analysis of small sample of
extrusion sample (by remelting).

B — .
\\ Cu,% Fe,% Si,% Mg, % | Mn,%
Chemical analysis
of extrusion sample 4.15 0.26 0.29 0.45 0.49
Quantometric 4.16 0.29 0.30 0.43 0.51
analysis after
remelting 4.13 0.28 0.29 0.45 0.50
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Effect of Surface Treatments on the Corrosion of
Aluminium and Its Alloys in Contact with other
Metals in Artificial Sea Water

by Shiro Terai and Yoshio Baba

It is well known that aluminium stands high in most galvanic series and hence
provision must be made to avoid galvanic corrosion, using aluminium in contact with

other metals.

We have been studied the effect of surface treatments, for example, chemical con-
version, electrochemical treatment and painting, on the corrosion of aluminium and its
alloys in contact with other metals in artificial sea water, tap water and industrial

atmosphere.

The results obtained in artificial sea water (69 NaCl14+0.395 H,0,) were as follows:
(1) Carbon steel, copper and silver in contact with aluminium and its alloys caused
samely rapid and severe corrosion of the aluminium. The corrosion of aluminium in
contact with stainless steel and titanium was considerable but not as pronounced as
in the former case. Zinc or tin plated steel did not cause greatly increased corrosion

in contact with aluminium.

(2) Regarding to the relation between the purity of aluminium and the contact cot-
rosion, the pitting corrosion at the junction of aluminium and other metals was severe
and concentrated for super purity aluminium (99.999 A0, on the contrary the corrosion
was distributed over a large area with less concentrated attack and gave remarkably
more weight loss for commercial purity aluminium (99.295A1).

(3) The depth of pits in 5052 alloy with or without surface treatment was less than
99.29% Al or 3003 alloy, and it was about 0.2 mm even in contact with carbon steel

and copper.

Weight loss by the corrosion of 2117 alloy in contact with other metals was not

observed.

(4) With regard to the effect of surface tseatments, the corrosion of aluminium and its
alloys protected by B6hmite, Ammonia, M. B. V. and Alodine treatment in contact with
other metals was about half in comparison with nontreatment and chemical polishing.
When the aluminium was anodized in sulfuric or oxalic acid solution, the contact
corrosion was less than in the case of chemical conversion, but some pits of about
0.2 mm depth was observed at the junction of other metals.

Painting of zinc chromate primer or vinylose on the surface of aluminium showed the
best effect of protection to the corrosion of aluminium in contact with other metals.
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Table 1 Chemical composition and potential
of test specimens.

Aluminium and its alloy

Chemical compositions, %
Materials
Fe | Si [ Cu|Ti|Mg|Mn|2n| cCr
99.99% A1 0.009} 0.002| 0.003] Txr | 0.001] 0.001} 0.009] Tr
99.9% Al 0.073] 0.013{ 0.002( 0.001] 0.001] 0.002] 0.011] Tr
99.5% A1 0.2810.13! Tr | 0.005 Tr | 0.005 0.012] Tr
99.29,A1 0.51 ] 0.16 | 0.024] 0.003 0.002] 0.014| 0.026] Tr
3003 0.45]0.15 [ 0.03}0.01§ Tr |1.16 | 0.08| Tr
2117 0.32 10,14 | 2.65{ 0.01 ] 0.29 [ 0.01 } 0.01| Tr
5052 0.28 | 0.10 | 0.01 | 0.01 | 2.29 | 0.01 | 0.01 | 0.27
Carbon steel and stainless steel
Materials Cu (Mn!| C Si Cr | Ni P
Carbon steel. 0.2310.4310.47| Tr | Tr | Tr } Tr
Stainless steel Tr | 1.60 ] 0.02 | 0.07 | 18.35] 10.79} Tr
Other metals
Materials | Fe | si| P | Pb|N:|cCu | i | Ag
Copper 0.026{ 0.003| 0.012] 0.006 ~>99.5
Titanjum 0.06 | 0.01 0.011 =>99.7|
Silver >99.9

2-2 EHOBES JURELE
HHEeBy Imm B EER ClIT2E 0L EREEF

{eans) ., Fig. 1@ Uitk 0 BB e /e L, Panel 4
w7V =y nEEDE4E, Band flcRESBEAHER L
WEOEMIZZ7 Vv 7 JISTHATVI=vrE5&TE
@ﬂ“sﬁ() %{Eﬁﬁ beo

Sample Equipment
o] T\ I-l—
Essltoalvel
5 é 4 Band % % % @
) |
- Panel 69 NaCl+0.3% HzOz

b 25mm —~
Fig. 1 Sample and equipment of testing.
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Table 2 Surface treatment of aluminium and its alloys.

Surface treatment

Thickness and color

Method of surface film

1 Non treatment As pretreatment

followed 10~15min in 0.05% chromic acid solution

2 Bohmite 15 min boiling in deionized water

3 Ammonia 15 min boiling in 0.1 N NH.OH solution white (faintly)
4 M.B.V. 5 min at 90~100°C in NapCO3(10)+Na:Cr.0-(3) solution 5p, grey

5 Alodine 5 min in HzPO:(64g) +NaF(5g)+Cr0s(10g)/ 4 -H20 solution

5u, bright green

.6 Chemical polishing (20ec)solution

30 sec~60 sec at 85~90°C in H3zPO; (75cc) + HNO4(5ce) +HaSOy

7 Anodizing in sulfuric acid

30 min, 23°C, 15% H:S04, 1A/dm?, 18V
followed 30min sealing in boiled tap water

104

8 Anodizing in oxalic acid

40 min,25°C, 5%(COOH)g, 3A/dm?, 50V
) followed 30min sealing in boiled tap water

10, gold silver (faintly)

9 Zinc chromate primer

yellow

Painting | Anodizing | Chemical conversion

10 | Vinylose

white

Table 3 Zinc and tin plating on carben steel.

Plating | Method ‘Thickness of plated layer
. : 4 min, 5A/dm?2, 30°C, ZnO(50g)+NaCN(100g)
Zinc plating ’ +NaOH(50g)/ £ -H:O followed chromate treatment 5~By
Tin plating ‘ ! 5 min, 1.5A/dm?2, 60°C Na:Sn0;(100g) +NaOH((15g)/ ¢ -H.0O 3~5p
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50 |— &> Stee! (Zn plated)
—a Silver (99.92%)
e—= Copper (99.5%)
v———= Stainless steel (18-8)
a——= Titanivm (99.79)

30 [— v——= Polystyrene

40

20

Weight loss by contact corrosion, mg/cm?

99.99 99.9 99.5 ?9.3

Purity of aluminium, 9%

Fig. 2 Effect of the purity on the corrosion of aluminium
in contact with other metals. Test specimens
were dipped in 6% NaCl+0.39 HoOgz solution for
4 days.
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Photo.1 General appearance of 99.99; Al in contact with
silver (left) and polystyrene (right) for 10 days.
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Photo. 2 Corrosion of aluminium in contact with other
metals for 10 days.
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Photo. 3 Cross section of aluminium in contact with
carbon steel for 10 days. x20x1%
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Fig. 4-a Effect of surface treatment on the corrosion of 99.224 aluminium in contact with other metals.
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Fig. 4-b Effect of surface treatment on the corrosion of 99.2% aluminum in contact with other metals.
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Fig. 5-a Effect of surface treatment on the corrosion of 3003 alloy in contact with other metals.
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Fig. 5-b Effect of surface treatment on the corrosion of 3003 alloy in contact Wit;h other metals.
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Fig. 6 Effect of surface treatment on the corrosion of 2117-T4 alloy in contact with other metals.



Vol. 3 No. 1

FAI=Y ARIOEOES L EESBOENEACE I THEALEORE

(15)

Fig. 6 13 <32 viz2l17-T4& &% A LICBEDORR T
bhHo REMBEOEFELZ 1ML T, WIhDORELBL
g Lo b0 b 2RWEERFBIIAE ENR) o7,
WMy b 2,8 R Ui, Bohmite S
HEA R A LR ORB L AETOEREEMNRRD LI
776

Fig. 7 1d<xnic 50524 &% FR LIBEORR TS

Do HEMBD LOIE, 99.2% Al ¥ X 0°30034 4 & FIkED
0 O ARES R Lcss, Bohmite, 7 v 2=7 K XV
M.B.V. @B AREMR L | BaRKEIX Smg/cm?
BT Ch otc, 505248 & ERUBOFR/C LB
g P 13IFE 0.26mm BT Th otz LLY VY
B A - b 7T A 7 - RIS 2 TR 5 1o %15
BEEDLDIET Yy P 28FE LI,

£
E i
= 0.4
=3
g
£ 02 —
g Ot Qi)
e A N | i
£ 0 “5——'—'vlb'——"TA m————nwmrm———#m——-—nm L [ Aib.———_—'WAlA——-
g | | | | | | I | |
o
Non freatment Bahmite Ammonia M. B. V. Alodine
§ | 1
N : o——0  Steel (Bare).
o
& % A=A Steel (Zn plated)
g 15—
2 &——ad  Stesl. (Sn plated).
§ ¢——&  Copper
-— ]0 |
§ l V-  Stainless steel
i =
] % $——F Polystyrene /%
> v L)
a j
8
=
2
@
Z

15 4 10 15 4 10 15

Duration of dipping, days

£

E 04
E o
2 =
E &
& — 5 »
£ 0.2 - < i
: A ) ézw——vw m—-\aéi VA P ASOGI———,
_‘;i 0 = v 5D -TAL - L/ v —
& | T T T ]

Chemical Anodizing in Anodizing in Zincchromate Vinylose

o polishing | sulfuric acid oxalic acid primer

: |

=

g 10 I
53 % |
c 8
35 . L ?
> 0 % .
£ .
123 v
2 ! ? .
%} 0o A ;._‘éknllgg 2 haeiy LR St e o e o = e e e e e o e e
2 5
: |

4 10 15 4 10 15 4 10 15 4 10 15 4 10 15

Duration of dipping, days

Fig. 7 Effect of surface treatment on the corrosion of 5052 alloy in contact with other metals,
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Phote.4 Relation between surface treatment and the
corrosion of aluminium alloys in contact with
copper for 15 days.
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Photo.5 Cross section of the surface treated 99.29; Al
in contact with carbon steel for 15 days. x20x 1%

Table 4 Electrode potential of various metals and alloys. 0

Metals or ally Zinc | 99.9%A1 | 5052 | 99.25A1 3003 a7 | Sarbon | rin | Copper | Titanium | SE2RIESS | sijver
Potential, volis
(otential, volts o | —1.10 | —0.85 | —0.85 | —0.83 | —0.88 | —0.68 | —0.58 I —~0.49 | —0.20 | —0.10 ~0.00 | —0.08
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Study on Many Factors Affecting Grain Refinement
of Cast Aluminium and Its Alloys.

by Shire Terai

Among the many factors relating to cast structure of aluminium and its alloys, those
of chemical composition, melting conditions and casting conditions were studied by the
laboratory method using small cylindrical ingot of 200 gr., on this report.

About chemical composition, the effects of iron and silicon as the impurities of alu-
minium on its cast structure were tested by the small addition of iron and silicon to 99.
999 pure aluminium and then the effects of B, Be, Cd, Cr, Cu, Mn, Mg, Ni, Si, Sn, Ti,
W, Zn and Zr were studied by adding these elements as much as the contents of industrial
products.

About melting conditions, the effect of maximum melting temperature, holding time
on its temperature, melting atmosphere and degassing treatment of molten metal on
aluminium (99.99~99.3) and Al-1.2 % Mn, Al-4 9% Cu and Al-0.15 9 Ti alloy selected
as the alloy specimen according to the effects of the chemical composition on the
aluminium cast structure, were studied.

About casting conditions, the effects of the melting temperature, casting speed, cooling
rate and method of solidification on the above mentioned specimens were studied.

The results of investigation were as follows:

I. Chemical compositions

(1) Among the effect of the iron and silicon on the cast structure of 99.99% pure alu-
minium, that of iron was more effective than silicon and the simultaneous addition
of iron and silicon was more effective on the cast structure than single addion of
each element, and especially when the weigh ratio of Fe/Si in aluminium was 1~2,
the cast structure of aluminium was refined markedly.

(2) The additional elements to aluminium were able to separate into following three
groups by the efficiency of the grain refinement.

Group A. No influence to cast structure of aluminium: These elements were
chromium and manganese.

Group B. Moderate influence to cast structure of aluminium: These elements
were cadmium, copper, nickel, tin, zinc, magnesium and silicon.

Group C. Most effecitive influence to cast structure of aluminium : These elements
were boron, beryllium, titanium, tangsten and zirconium.

(3) When the typical grain refining element of aluminium (boron, beryllium, titanium
and zirconium) was added to comercially pure aluminium, the efficiency of grain
refinement was more excellent than adding to high purity aluminium.

(4) Simultaneous addition of titanium and boron to aluminium was more effective on
its cast structure than single addition of each element. The result was agree with
that of Cibula’s investigation.

(5) The mechanism of grain refining of cast aluminium structure by the additional
elements was discussed by the super cooling phenomena during solidification.

II. Melting conditions

(1) Although the maximum melting temperature did not affect cast structure of 99.99
9% pure aluminium, that of less pure aluminium and some aluminium alloy was
coarsened according to the maximum melting temperature increased. But these
phenomena were disappeared after holding the molten metal at 700°C.

(2> Holding the molten metal at maximum melting termpeature did not affected cast
structure of 99.99 9 pure aluminium but that of less pure aluminium and some alu-
minium binary alloys were coarsened if the holding temperature was over 800°C.
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(3) Melting atmosphere especially the oxidation of molten metal in air did not affect
the cast structure of 99.99% pure aluminium. Melting Al-Ti alloy in the nitrogen gas,
the grain coarsening of cast structure occured in the specimens containing less than
0.1 94 titanium but did not occur in the specimes containing more than 0.1 ¢ titanium.

(4) Degassing treatment of molten metal scarcely affected the cast structure of the
aluminium of 99.99-99.3 pct purity and also some aluminium dinary alloys.

II1. Casting conditions

(1) Although the casting temperature did not affect cast structure of 99.99 95 pure
aluminium, that of less pure aluminium and some aluminium binary alloy showed
very fine equiaxied grain, casting at the temperature 50°C higher than liquidus

temperature.

(2) The higher the cooling rate of the molten metal was, the finer the cast structure
of 99.3 9 pure aluminium was and even if the same cooling rate, the rate controlled
by the casting temperature was more affectable on the cast structure than that of

controlled by mold temperature.

(3) The higher the casting speed of molten metal was, the coarser the cast structure

of aluminium was.

(4) The cast structure of the 99.3 95 pure aluminium was equiaxed when solidified
by progressive solidification. But columnar when solidified by directional solidification.
The Al-0.15 ¢ Ti alloy was equiaxed grain only even if solidified by directional

solidification.

Author disscussed above described phenomena mainly super cooling of molten metal
during solidification and the slope of liquidus line of some binary aluminium alloys having

excellent efficiency of grain refinement of cast structure.

In many factors that affected

the aluminium cast structure, those of chemical composition and casting condition were

more effective than melting condition.
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Table I Result of previous work on the grain refining of aluminium and its alloys by small addition of other element.
a) Addition to aluminium.

Ability of grain refining and amount of
Purity of aluminium, Sort of additional additional element obtaining fine grain Additional range of added
% element Researcher Ability of grain [Amount of additional element, %
refining * | element, %
B Eborall ™ + 0.05 0.07 ~ 0.32
B Cibula ® -+ 0.04 0.01 ~ 0.09
Cr Eborall (@) 0.045 ~ 1.27
Cr Cibula O 0 ~ 1.3
Mn Cibula - 0 ~ 1.0
Mo Eborall + 0.3 0.21 ~ 1.41
99.99 Nb Eborall + 0.16 0.04 ~ 0.18
Ni Cibula + 4.0 0 ~ 4.0
Ti Eborall + 0.12 0.034 ~ 0.44
Ti Cibula + 0.01 0.002 ~ 0.1
\% Eborall + 0.85 0.18 ~ 1.5
W Eborall + 0.56 0.16 ~ 0.56
Zr Eborall + 0.28 0.05 ~ 0.46
Cr Crossley ® + 0.78 0.20 ~ 1.55
Fe Crossley -+ 0.995 0.01 ~ 5.01
Mo Crossley + 0.84 0.08 ~ 0.79
93.9 Nb Wells 19 0.02 0 ~ 0.02
Ti Crossley + 0.38 0.03 ~ 1.75
W Crossley + 0.57 0.17 ~1.23
Zr Crossley 0.41 0.02 ~ 1.02
99.6 Ti Rohrig 11 0.85 0 ~ 0.35
99.5 Ti Dumas 2 + 0.02 0 ~ 0.02
* 4+ : Effective O : Non effective — : Negative effect (grain coarsening)

b) Addition to aluminium alloys.
1. Al-Cu binary alloy.

Ability of grain refining and amount of
Cu contents, Purity of Sort of R h additional element obtaining fine grain Additional range of
% aluminium, % additional element csearcher Ability of grain Amount of added element, %
refining additional element, %
2 99.99 B Eborall 7 + 0.065 0.045 ~ 0.17
99.99 Ti Cibula 8 + 0.01 0 ~ 0.01
B Bowen + 0.02 0.02 ~ 0.23
Be Bowen 13) - 0.01 ~ 1.02
Fe Bowen - 0.50 ~ 0.71
Mg Bowen O 0.03 ~ 0.83
4 Mn Bowen - 0.07 ~ 1.05
99.8 Nb Bowen + 0.11 0.005 ~ 0.30
Sn Bowen O 0.47 ~ 1.28
Ti Bowen + 0.02 0.005 ~ 0.35
\ Bowen t 0.3 0.10 ~ 1.00
w Bowen O 0.19 ~ 0.47
Zr Bowen + 0.22 0.03 ~ 0.22
6 99.99 B Eborall ™ + 0.04 0.04 ~ 0.07
8 99.99 B Eborall 7 + 0.045 0 ~ 0.055
10 99.99 B Eborall 7 + 0.035 0 ~ 0.065
* + : Effective O : Non effective — : Negative effect (grain coarsening)
2. Al-Mg binary alloys.
Ability of grain refining and amount of
Mg contents, Purity of Sort of additional R h additional element obtaining fine grain Additional range
% aluminium, % element esearcher Ability of grain Amount of of added element, %
refining * additional element, %
0.5 99.99 . Ti Eborall ™ + 0.18 0.07 ~ 0.18
1.0 99.99 Ti Eborall ™ + 0.27 0.05 ~ 0.27
99.99 B Eborall % + 0.025 0~ 0.025
5.0 )
99.99 Ti Eborall © + 0.17 0.0 ~ 0.18

* 4 3 Effective

— 3 —
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3. Al-Zn binary alloys.
Ability of grain refining and amount of .
Zn contents, Purity of Sort of additional Researcher additional element obtaining fine grain fAlii(:iltélon?l ran%ea/
% ini e Ability of grain Amount of of added element, %
% aluminium, % clement refiningg* additional element, %
7.7 99.99 B Eborall ™ ‘ + 0.50 0~ 0.50
12.0 99.99 B Eborall 72 -+ 0.30 0.30 ~ 0.50
25.0 99.99 B Eborall ™ + 0.30 0.30 ~ 0.50
* 4 Bffective
4. Al-Si binary alloys. -
Ability of grain refining and amount of .
Si contents Purity of Sort of additional additional element obtaining fine grain Additional range
% aluminium, % element Rescarcher Ability of grain Amount of of added element, %
refining * additional element, %
B Depiere 14> + 0.04 0.01 ~ 0.08
Be Depiere -+ 0.10 0.02 ~ 0.33
Cr Depiere + 0.14 0.01 ~ 0.25
Mo Depiere -+ 0.03 0.01 ~ 0.05
5 99.6 . 0.05
Ta Depiere + 0.03 0.01 ~ 0.
Ti Depiere “+ 0.16 0.02 ~ 0.25
w Depiere + 0.02 0.01 ~ 0.02
Zr Depiere + 0.22 0.05 ~ 0.28
12 99.6 Nb Panseri *® 0.35 0 ~ 0.3
* 4 : Effective
5. Other alloys.
. s Ability of grain refining and amount of o
Sort of Chemical composition, % Purity of | Sort of adélélzngl glrer‘rxxlent obta%nmg fine grain Additional
alloys - - aluminium, |additional Researcher Ability of grain Amount of ranlge of gdged
v Cu 1 Mg i Ni 1 Si , Zn % element refining * additional element, 95| S Mment %
B Depiere 147 + 0.03 0.01 ~ 0.08
Be Depiere + 0.14 0.02 ~ 0.33
Cr Depiere + 0.26 0.03 ~ 0.33
Tmi Mo Depiere + 0.06 0.01 ~ 0.06
- 0.3 7 99.6
7Silmin Ta Depiere -+ 0.07 0.01 ~ 0.07
Ti Depiere -+ 0.25 0.01 ~ 0.25
w Depiere + 0.02 0.01 ~ 0.02
Zr Depiere + 0.24 0.01 ~ 0.24
Y alloy 4 1.5 2 99.5 Ti Bohm 1% + 0.25 0 ~0.25
Al'Cg‘ggy 2 12 99.5 Ti Bohm 10 + 0.25 0 ~0.25
* - : Effective
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Table II Result of the previous works dealing with the effect of melting and casting condition on the cast
structure of the aluminium and its allays.

a) Aluminium

1O+ W

. Casting after holding 30 min in cast temperature.
: Refining cast structure.

: No influence in cast structure.
: Coarsening cast structure.

Purity of Maximum melting temperature Casting Effsigaigﬁ_ga“
aluminium, % Researcher Temperature range |Melting temperature which| temperature, °C A B
of experiment, °C | changed cast starcture, °C
99.99 Kondic and Schutt 7 670 ~ 950 670 O O
99.8 Yamaguchi and Ota 8> 700 ~ 800 800 700 - O
99.8 Mima and Shibata 1% 700 ~ 855 765 ~ 855 700 -+ Unexperimented
99.552 Kondic and Schutt 7 670 ~ 950 950 670 - —
99.0 Pessel 700 ~1900 1900 700 - Unexperimented
b) Al-5% Cu alloy
Purity of Maximum melting temperature Casting Effset?‘txscg?rg“t
aluminium, % Researcher Temperature range Melting temperature tempeoxéxture, A
of experiment, °C |which changed cast structure, °C B
99.8 Yamaguchi and Ota ® 700 ~ 800 800 700 - @)
99.8 Mima and Shibata 1%) 700 ~ 855 765 ~ 855 700 + +
: Casting without holding in cast temperature.
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Table 1 Chemical composition of the aluminium virgin metal used in experiment (2-2-2).

Purity of aluminium Chemical composition, %
virgin metal, % Cu , Fe { Si } Mn Mg ] Cr Zn ! Ti Al*
99.99 0.001 0.001 0.001 Nil Nil Nil Nil 0.0002 99.996
99.9 0.004 0.031 0.022 Nil Tr Nil Nil 0.004 99.959
99.5 0.007 0.251 0.148 0.007 0.007 0.030 0.009 0.006 99.534
99.3 0.005 0.476 0.143 0.010 0.010 0.020 0.010 0.009 99.319
* 100%-— (total % of Cu, Fe, Si, Mn, Mg, Cr, Zn, and T1i contents.)
G JIS—H-2102: 7=y aiig (1959) WINE7 v =y s IS OMERISE TEOMY Thb,
(773 =9 LHIS) (7 v 3=y 2 FHEMg)
B o, % A %
i E1] ool
H ’ Al si | Fe | cu g Al | cu | Mg | si | Fe | zn | mn
% ® >99.85 <0.12 <0.12 <0.01 18 @ 98 | <05 | <0.1 | <0.6 | <0.6 | <0.2] <0.1
1 bl >09.7 <0.20 <0.20 <0.01 28 M| 97 | <10 | <0.3 | <0.8 | <1.0 | <0.5 | <0.2
2 i >99.5 <0.30 <0.30 <0.02 3 m 93 <4.0 | <1.2 } <0.6 | <0.6 i <1.0 | <0.8
ML Bt <06 <080 <002 T IERITNC S 3 RIS (RUEE99.0% LU k) MRl bk
4 b >98.0 <1.50 <1.50 <0.03 LETHEHL, #RLFOMED b OHEbECHHENh 5,
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Table 2 Chemical composition of

Table 2 o>
LA Py

~

mother alloy used in experiment (2-2-2).

Chemical composition
Alloy - Preparation of specimens
ement Content, %
Al—B B 0.57 Melting aluminium of 99.99% purity at 1000°C in graphite crucible by the high frequency furnace
: and then added KBF4
Al-Be Be 4,95 Bought from American Berylium Co.
Al—Cr Cr 4.75 Added elzctrolytic chromium to aluminium of 99.99% purity melted at 900°C by high frequency
i furnace in graphite crucible.
Al—Cu c 50.40 Added the electrolytic copper to aluminium of 99.99% purity at 800°C melting, by the same
v : method as above mentioned.
Al—Fe F 4.01 Added the electroyitic iron to aluminium of 99.99% purity at 1000°C melting by the same
¢ . method as above mentioned.
- Added the electrolytic manganese to aluminium of 99.99% purity at 900°C melting. by the same
Al—Mn Mn 6.21 method as above mentioned.
Al—Ni Ni 6.80 Added the electrolytic nickel to aluminium of 99.999 purity at 100°C melting.by the same
! . method as above mentioned.
Al—Si Si 13.55 Added metallic silicon to aluminium of 99.99% purity at 800°C melting, by the same method
. as above mentioned.
Al—Ti Ti 2.13 Added sponge titanium to aluminium of 99.99% purity at 1100°C melting. by the same method
! . as above mentioned.
Al—W W 1.80 Added metallic tangusten to aluminium of 99.99% purity at 1100°C melting by the same method
. as above mentioned.
Al—Zr Zr 1.80 Added sponge zirconium to aluminium of 99.99% purity at 1100°C melting by the same method
: as above mentioned.
Table 3 Chemical composition of the cadmium, magnesium, tin and zinc used in experiment (2-2.2)
Chemical composition, %
Metal
Al Cu Fe Mn Ni Si Ti Pb Cd ‘ Mg ] Sn 1 Zn
Cadmium Nil Tr 0.0012 nil Nil Nil Nil 0.01 99.98 Nit | Nil Nil
Magnesium Tr 0.002 0.0032 Tr Nil 0.009 Nil Nit Nil 99,98 Nil Nil
Tin Tr 0.006 0.001 nil Nil 0.009 Nil 0.002 Nil Nil $9.98 Nil
Zinc Nil Tr 0.003 nil Nil Tr Nil 0.005 Nil Nil Nil 99.99

Hdr A\ Table 3 WRUIALER S EET HM  JET B8 BEd 2Bk, Tabled wiRd3k%
G EBRM Lo
2:2 REBHEBIVERE

Table 1 KR L7 7V 3 =9 % B HWTE 4 1kg
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C =g 110V —{
@ Holding furnace (&) Stainless tube Ni-Cr resistance wire
® Graphite tamman coated with alumina @ Ni-Cr resistance wire
Silicon, % tube @ Supporting desk @ Ni-Cr resistance wire
! (®) Stopper Mold @ Thermo couple
Fig. 1 Chemical composition of the test specimen for (® Thermo couple (@ Preheating farnace Thermo couple
studied the effect of iron and silicon contents (® Asbesto

on the ‘cast structure of aluminium.

Fig. 2 Sectional view of the casting apparatus.
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Table 4 Chemical composition of the test specimen used in experiment (2-2).

Contents of the element other
Test Additional Purity of . PO than additional one, %  **

specimen element aluminium, % Amount of additional element, % e si T

99.99 0.001, o0.01, 0.05, 0.09, 0.13, 0.21, 0.32, 0.40, 0.50, 0.60 0.006 0.006 0. 0002

Al—B B 99.9 0.001, 0.01, 0.05, 0.09, 0.12, 0.20, 0.31, 0.39, 0.50, 0.58 0.03 0.03 0.004
99.5 0.001, 0.01, 0.05, 0.09, 0.13, 0.21, 0.31, 0.41, 0.51, 0.61 0.26 0.15 0.006

99.3 0.001, 0.01, 0.05, 0.09, 0.12, 0.19, 0.32, 0.40, 0.50, 0.60 0.48 0.16 0.006

99.99 0.001, 0.01, 0.05, 0.10, 0.14, 0.20, 0.28, 0.58, 1.01, 0.006 0.006 0.0002

Al—Be Be 99.9 0.001, 0.01, 0.05, 0.11, 0.13, o0.21, 0.30, 0.50, 1.10, 0.03 0.03 0.004
99.5 0.001, 0.01, 0.05, 0.10, 0.12, 0.20, 0.31, 0.51, 1.10, 0.26 0.15 0.006

99.3 0.003, 0.01, 0.05, 0.11, 0.13, 0.19, 0.32, 0.99, 0.49 0.16 0.006

Al--Cd Cd 99,99 0.01, 0.05, 0.10, 0.48, 1.10, 2.10, 4.10, 5.20, 0.006 0.007 0.0002

Al—Cr Cr 99.99 0.01, 0.05, 0.10, 0.40, 0.80, 1.21, 1.30, 2.00, 0.008 0.006 0.0002
99.5 0.01, 0.05, 0.10, 0.39, 0.81, 1.01, 1.30, 2.10, 0.31 0.15 0.006

99.99 1.00, 1.98, 2.98, 4.00, 5.12, 6.08, 7.12, 8.10, 9.2, 10.13 0.008 0.006 0.0002

Al—Cu Cu 99.9 1.10, 1.98, 3.10, 4.20, 5.00, 6.10, 7.10, 10.00, 0.03 0.03 0.004
99.5 1.00, 1.98, 3.05, 4.19, 5.20, 6.20, 7.20, 9.80, 0.50 0.17 0.006

99.99 1.01, 2.03, 2.98, 3.95, 5.12, 6.12, 6.98, 7.12, 8.7, 10.10 0.003 0.003 0.002

Al—Mg Mg 99.9 0.98, 2.10, 2.90, 4.10, 5.10, 6.10, 10.10, 0.03 0.03 0.004
99.5 0.98, 2.10, 3.10, 4.20, 5.20, 6.30, 10.00, 0.27 0.16 0.006

Al—Mn Mn 99.99 0.09, 0.48, 1.20, 1.48, 1.96, 2.86, 3.01, % 0.008 0.006 0.002
99.5 0.09, 0.55, 1.20, 1.51, 2.00, 2.54, 2.98, N 0.26 0.15 0.006

Al—Ni Ni 99.99 0.48, 1.00, 1.48, 2.00, 2.98, 5.10, 5.98, 0.008 0.006 0.0002

Al-—Si Si 1 99.99 0.21, 1.02, 2.02, 3.12, 4.80, 5.91, 6.85, 8.90, 11.01, t 0.008 — 0.0003

Al—Sn Sn ] 99.99 0.50, 1.00, 2.02, 3.05, 4.05, 5.06, 6.10, 7.02, 8.01, 10.03 l 0.008 0.006 0.0003

99.99 0.01, 0.048, 0.12, 0.15, 0.20, 0.31, 0.41, 0.50, 0.006 0.006 —

AL—Ti Ti 99.9 0.01, 0.05, 0.10, 0.15, 0.20, 0.29, 0.40, 0.5, 0.03 0.03 —

99.5 0.01, 0,05, 0.11, 0.14, 0.19, 0.30, 0.39, 0.50, 0.26 0.15 —_

99.3 0.01, 0.05, 0.10, 0.15, 0.18, 0.29, 0.39, 0.51, 0.49 0.16 —

Al—W w 99.99 0.001, 0.01, 0.05, 0.11, 0.15, 0.20, 0.30, 0.40, 0.50, 0.006 0.006 0.0002

99.99 1.01, 2.02, 3.10, 4.16, §5.12, 6.12, 7.12, 8.12, 9.2, 10.10, 0.006 0.006 0.0002

Al—Zn Zn 99.9 1.01, 2.00, 3.10, 4.20, 5.11, 6.98, 7.55, 9.0, 10.0, 0.03 0.03 0.004
99.5 1.01, 1,98, 3.10, 4.20, 5.11, 7.00, 7.55, 10.0, 0.26 0.15 0.006

99.99 0.01, 0.05, 0.10, 0.15, 0.20, 0.30, 0.55, 1.00, 0.006 0.006 0.0002

Al—Zr Zr 99.9 0.01, 0.03, 0.10, 0.20, 0.23, 0.50, 1.01, 0.03 0.03 0.004
99.5 0.01, 0.08, 0.10, 0.19, 0.24, 0.48, 0.90, 0.26 0.15 0.006

99.3 0.01, 0.03, 0.10, 0.25, 0.42, 0.82, 0.49 0.16 0.007

T Ti 99,99 Ti0.01, B0.01; Ti0.02, B0.02; Ti0.03. B0.03; Ti0.04, B0.04 — — —
A:BTI and 99.9 Ti0.01, B0.01, Ti0.02, B0.02; Ti0.03, B0.03; Ti0.04, B0.04 — — —
B 99.5 Ti0.01, B0.01, Ti0.02, B0.02; Ti0.03, B0.03; Ti0.04, B0.04 — — -

*  Values detected by chemical analysis other than A1—Ti—B specimen.

** The reason analysed expecially iron, silicon and titanium is that iron and silicon are contained more than other
elements in aluminium as the impurities, and titanium affected to aluminium cast structure markedly by a
little addition.
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Fig. 3 Section for testing cast structure.
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Table 5 Melting and casting conidition of the specimen
showed in Table 4.

Condition

The specimens for testing the effect of iron and
silicon as the impurities of aluminium were melted
at 720°C but the binary alloy specimen were melted
at 60°C above the liquidus temperature.

Both specimens (weight 200g) were melted at graphite
crucible by the Ni—Cr electro resistance furnace.

During the melting, the melton metal was not
degassed or fluxing.

Melting

The specimens melted above condition were cast at
710°C for testing the effect of iron and silicon, at 50°C
above the liquidus temperature for the binary alloy
by the apparatus showed in Fig. 2.

;I(‘)Iagcmetallic moulds were non coated and heated to

Casting
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Fig. 4 Method for measuring grain
size of cast structure.

Sample B cast structure
with coarse grain.

y Y axis

Photo. a Sample A cast structure
with fine grain.

] 20 times enlarged photograph of the sample A
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Photo. 1 One of the samples of measuring the grain
size of cast structure.
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Fig. 5 The effect of iron and silicon on the grain
size of aluminium cast structure,

C : Columnar grain only
C+E : Columnar grainequiaxed grain

E : Equiaxed grain only
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Fig. 6 The effect of chromium and manganese on the
grain size of cast structure of aluminium of
90.9995 and 99.5% purity.
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The effect of chromium and manzanese on the grain size of 99.99% pure aluminium
cast structure. x1/2.5

Photo. 2
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Effect of
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Effect of
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Photo. 3 The effect of copper, magnesium and zinc on the grain size of cast 99.999; pure aluminium.

— 10 —



January 1962

T R & £

B O ® (28)

EBEEND ERINT S EETEHRGDOMEARD BN
MRy B DR AARIE S BV, Z v — LR BIL
ToE S~ VYRR U E & BRI S — D i
FRREE BN, MBE99L% 7TV I =Y AT Y H v
I LT B8k OB 1 %R Tk, Sk
KRR T E B S DA CH B IR 0¥
W U7ehio T, R SRk fE SR K v kb
L 4 %BREEOHINCARIIERGCEIL LTS, 77 ~
LEABERMEO TV I =y MM LSS LA EA S
RLUTWD, ZhBOEL D, 73 =y 2 DEEIRD
BRER Y T VB DWE7 v~ LRI X o Tl
L LB 2 &A% Photo. 2 )iFRO L Hl& LT
99.99% Fri=mviakse—-nBIOTY T YyERML
T ORI AR Lo

(b) PHCB T AITLEAME9.99%D 7V I = v LILH
MU A OFMNE & fEdhi oK x v ORRY Fig.7 iR

L7zo
4 -
50%5\\:: ) 5
8 - T [ ] )
;2 — Cd Sn
(:l’z) [ \ \m:f:o——— (CU
Ni
[ \ Mg
S~ 1 e
19 2 4 3 8 10

Contenis of each elements, %

Fig. 7 The effect of copper, cadmium, Nickel, silicon,
tin, zinc and magnesium on the grain size of
99.99% pure aluminium cast structure.
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Fig. 9 The effect of boron, beryllium, titanium, zirco-

nium and tangsten on the grain size of cast
99.99 pure aluminium.
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Photo. 4 Effect of boron, berylium, titanium and zirconium on the cast structure of the

99.999; pure aluminium.
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Fig. 10-1 Effect of the titanium on the grain size of
cast structure of 99.9, 99.59; and 99.3% pure
aluminium.
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Fig. 10-2 Effect of zirconium on the grain size of cast
structure of 99.9, 99.5 and 99.3% pure alumi-
nium.

Fig. 10-3 Effect of boron on the grain size of cast
struture of 99.9, 99.5 and 99.3% pure alumi-

nium.
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Fig. 11 Effect of beryllium on the grain size of cast
structure of the 99.9, 995 and 99.3% pure
aluminium.

Table 6 Effect of addition of boron and titanium on the cast structure of the 99.99, 99.9 and 99.59% pure

aluminium.
\ Purity of aluminium, % 99.99 99.9 99.5
sa T—

ggg}l;;ot“% _Cast structure | Shape of grain | Grain size, mm | Shape of grain | Grain size, mm | Shape of grain | Grain size, mm

— C C + E 2.12

0.01Ti,0.01B C+ E 2,51 C+ E 1.86 C+ E 1.24

0.027T1,0.02B C + E 0.52 C + E 0.28 C + E 0.21

0.03Ti,0.03B E 0.12 E 0.10 E 0.08

0.04T1,0.04B E 0.09 E 0.09 E 0.08

C : Columnar structure only. C+E : Columnar structure with some equiaxed grain. E : Equiaxed grain only.
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Al-Fe 2TA&PEER D 7V 3 = v »fllkad Fig 12
CEbE, G773 =y 2@lTHRESA R L, il
B (655°C) kiAo 73 = v n e wi T S EEE
0.03%TH D, TOHGEEHCRTIHEOEHFEILTIS TS
Bo Al-Si2 TALKERD 7 v 3 = v sk /7 Fig. 13

Ebe, rARE7V I =y 2 ITHRBIISH 7R Uk
BEE GU7°C) KR 5d rAFO7 VI =y st HHE

BV 1.65%, LSBT DA BOEF &L 11.6%
Th Do

Photo. 5 iz Al-0.55%Fe 4 &zt Al-0.59%514 &30
7z B O AL-0.569Fe-0.28% 51 & 43 O BRI Sk 4 7R
L7ze

Al-0.55% Fe &4 & Al-0.59% Si -&&508 OME% Hig
T5H E T b EE RO BIERER T D HEE D
BRI ARE O K % v it Al-055% Fe 4 &siltorsn Al
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Fig. 12 Al-Fe binary alloy
diagram (Alumi-
nium rich side)
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Fig. 13 Al-Si binary alloy BRoOE DR L In AR
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BB ORBBIREMR O K * ik Al-Fe R&&DENX
N X Blcih < o Fig. 14 wiid Al-Fe-Si 3 T4 &4
BEROE o o T S 465 B BE IR D TENCHERETH 2%
% Bbis (FeSi-Al) &kl (BEMEIHIE FeAls 23K
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% 400
alloy
g o

’ Photo 5 Microstructure of the Al-0.55% Fe alloy, Al-0.5% Si alloy and Al-0.569% Fe-0.2825 Si alloy specimens.
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W LD TWDC EAED] OIS RICEDHILD
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L2 EAE L < DR BEDLN Do

AlyoFeySi .
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Al 12 3 4 5 6,7 8 9 .10 11 12013 14
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Fig. 14 Al-Fe-Si ternary alloy diagram (Aluminium
rich side)
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Fig. 15 Equibilium diagrams of Al-Cu binary alloy,
Al-Mg binary alloy and Al-Zn binary alloy.
(Aluminium rich side)

SR L AL-Mg 2 T8 & Tl ddha 450° sl
B3V AD AHERL35.0% Th D HELEE kit
B RHEERITLT4% CTh Ho Al-Zn 2 TAE&TIL I
#1.882°C tF % HRER O &7 395 % S i BV ot 2 Bl B2
1382.2% TH B, Al-Cu 2 TLAL TiddkdhpE 548° 1 kit
BIRNDEGHE BIE33% IR 1) BEREIXST% Th B,
Photo. 6 (= Al-495Cu &4, Al-4%Mg & &% L 0 Al-
4970 & & ORWBHAR A R Ui SRuD & &0 L E
BH RO RIHRMIRR TS 501 Al-49%Mg &40 BE
DR EARALRRE R b2 < Al-4%Cu & & OREE RO
BOkAfd hue &, Al-4%Zn & & OBEE RO B
RIS LM Ch B X Al-4%Cu & &g DB D
BB DRERITH Ule &% 2 BB IR BN D MRED
I~ T YV L DBPEDH N\ ZHUIFR—EE% T
F~ 7 % v v L OLEISEC D EBECT T Al-4% Mg
BEDBEZBDBNDC L bEX BNBOTERERN
DEEBITDONTAEE 2.4.3. Fig. 35 iRk LizEBIC L » T
65mme X 200mml D5 XiT Rk L B OB OB
EE IR EE A B EEE 3.5°C[sec D&M CHlllzE L Table 7 12
RAEER LB, OB A4 Mg &R bIBmIRE
A& L Al-49%Cu &R ENEDE Al-4%Zn 4408
BIRER L P hd ol

Table 7 Super cooling temperature during solidification
of Al-494 Cu, Al-49% Mg and Al-49% Zn binary
alloy specimens.

Alloy [ Super cooling temperature, °C ‘
Al—4 (4.20) % *Cu 2.5
Al—4 (3.98) % Mg 3.5
Al—4 (4.10) % Zn 1.5

* ¢ ) Blacketed figure show the analysed value. Purity of vigin
aluminium metal is 99.99%. Each specimen cast at 720°C, into
metalic mould heated to 200 °C. The cooling ratio of molten
metal is 3.5°C/sec.

LichS o CEBEOBOESREDO R LAX W Al-Mg &
EMRENSTEOPTIRT V2 =Y L OEERY B LM
e L. Al-Cu s mrhic>¥ Al-Zn & &35 L8
(LDIENRL Te s ot oD EFE 2 120

BRIy HryBLOZ e S b 7=y
DFE AR AT DR ATAA &5 2 DI L,
FR=Y A, IVa=yn FVEHLDHWESNY Y Y AR
F IR R R RRCOWTERELE 5
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Al—49 Cu alloy
900
800 . L 800 t
o
é-) /- ¢ =L+ Al(Mn
5 Al,C 5 4.1
g 700 /041 6;}; 2 700l A 710°C
; 5 660 Eg 460 ]'95<AL+AI&Mn
e X100 8 A/0.77 e Tao ] 6585
£ 600 P 400 T Al-+Al{Mn
= AL .
5oo[ ) i sool_|
Al 1 2 3 = 0

Al—4% Zn alloy
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Photo. 6 Microstructure of the Al-49;Cu, Al-49%Mg
and Al-49% Zn binary alloy.

Fig. 16 1= )Al Mn 2 44 '*ﬁEE‘Z]% SO Al- Cr 2 564
ERINF lﬂ@ /’ﬂ/ - = n Al & F§g 17 & Al- Be z% BgReN
Al-Br 180 Al-Ti B L O Al-Zn 04 2 TTE E&REER D 7

=v LA IR Lice

HEEFRDT IV I =y MM Ii) B HE—ERE O KIS
DR L UREAC BT 2BEETO&6 Bl L 0%
BATHRIOR U,

Eutectic | and sontents of soluse atom| Max solid
Alloy giaggiaigé‘(’:‘;u on its temperature. solubility,
translation? |Temperature, Contents, %
°C %

Al—Mn Eutectic 658.5 1.95 1.82
Al—Cr Peritectic 661 0.41 0.77
Al—Ti Peritectic 665 0.15 1~1.5
Al—Zr Peritectic 660 0.11 0.28
Al—Be Eutectic 645 0.87 0.06
Al—B Eutectic 660 Nearly equal 0| Nearly equal §
RELZNDEROEREBELHET LD ThEN

& el O B AL T A Lo
Photo.7 Al-256%Mn & & #¥k kL0 Al-1.39%Cr

AEPUB O BEBEMIL A R Lo 3hoa &350 5P
WEE AT T <& KBEMLEY /bbb Al-256%Mn

Chromium, % Manganese, %

Fig. 16 Equilibrium diagram of the Al-Cr and Al-Mn
binary alloy. (Aluminium rich side)
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Fig. 17 Equilibrium diagram of the Al-B and Al-Be
binary alloy (Aluminium rich side)
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Fig. 18 Equilibrium diagram of the AI-Ti and Al-Ti
and Al-Zr binary alloy. (Aluminium rich side)
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FE—HL T2, ko Al-0.3%Zr & &k, Al-0.6%Be & il
Photo. 8~10 it DEmOFE L Al-015%Ti & U ALIL019%B a4 HETERL A TR Ul
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= Sz

Al--2.56% Mn alloy Al-1.3% Cr alloy
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*x100

X400
Photo. 8 Microstructure of the Al-0.159 Ti alloy specimens.
x 400
Photo. 9 Microstructure of the Al-0.289; Zr alloy specimen.
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Fig. 19 Inclination of the liquidus line that the primary phase is crystalized in Al-Mn,
Al-Cr, Al-Ti, Al-Zr, Al-Be and Al-B binary alloys.
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Photo. 10 Microstructure of the Al-0.1%; B alloy and Al-0.69 Be alloy splcimens.
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*MﬁﬂC&ﬁD\*@ké%mﬂbjﬁ%¥f%@%
FHHn 43158 T (SRS S L O BTRBEA 7V 3 =
Y ADFIUTIFIFE LW e, TIC 7 vi=voa
HBHPTERZETHD BAKE 7/v 3=y a0 BEOBIT
Foregein nuclei & 7 b $iEiila it 5 DT Lk
#35T Al-0.209% Ti & &Y% 223577 A UHR U134
F 2 = N EICIIEAL B D BT o T SRR O 4
[;';?3,*5[0)?\ %9 730.15mm & b 1.5mm k(b Uiz Al-0.29
%Tité&id ALLTi 2 TALDEARCRI HF 4=V 28
BEUTOFZ =Y 0 k&H LTSI &ML EGIISI
TNV I =y LD FHERRO Bl b BRI i & kT
Whe

—7J5, Crossley ¥ L O° Mondolfog)(/i\ FRZY N
0.03~1%&H Lic7 V= ak 7 VIR, Bv
VR L VBB UIEE, 74 =Y 2 EEESEAEEET

OFE TRV Y R CHER LI BEEDFNRT VI vy
R CEIR LIcBE 1D SEEREE TN T o fops, 7
2=y nEERENDLEE EOBER G OER AR L,

Q73 FryR
@7 VI FuA YT D Yk KR T B AR
DRSS L. 900°C ¢ 1 ey 2 JACim#h L

Jo vy R
(©F 2% 2V
O 3 RO X » T 720°C, 800°C, 900°C TH#E L.

2.2.8. DR F R L OB OEL A EBC LD 790°C
THE UichkR, Table 8 ird < & 3 HOEHHIRIH
2R BIvia o720

o ¥ AREORE 200gr & Lrko 3 FOHC X
LT 5 9% CoClg % T20°CTHRM L 720°C Tk Lz
shsn Tabled 1k Uizo

COBEVTIhON Y RTHEMLTh, 74 =9 » 0.0
9t ots L5k B TETHEMME S Lichis
2= n0.20%% &H LB B TR RERED BN
ot .
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Table 8 Effect of the crucible material on the cast structure of the Al-0.05% Ti and Al-0.20% Ti alloy based

on the 99.999% pure aluminium.

\ Material of crucible s Coated with alumina cement .
—T—— Alumina on graphite crucible Graphite
. \H
Meling Cast Titanium
temperature,°C structure content, % 0.05 0.20 0.05 0.20 0.0 0.20
200 Shapes of grain C + E E C + E E C + E E
Grain size, mm 3.2 0.12 3.5 0.12 3.2 0.12
800 Shapes of grain C + E E C+E E C+ E E
Ggrain size, mm 4.2 0.15 4.3 0.16 4.2 0.16
900 Shapes of grain C + E E C + E E C + E E
Grain size, mm 4.2 0.16 4.3 0.17 4.3 0.16
C : Columnar grain only. C+E : Columnar grain and equiaxed grain. E : Equiaxed grain only.

Table 9 Effect of the CoClg addition on the cast structure of the Al-0.059% Ti and Al-0.209; Ti alloy based on

99.999 pure aluminium.

Coated with alumina cement

N . .
o Material of crucible . .
\‘\\ Alumina on the graphite crucible Graphite
Additjon Cast Titanium :
of C2Cle structure\contents. % 0.05 ‘ 0.20 0.05 0.20 0.05 t 0.20
No Shapes of grain C+E E C + E E C + E E
Grain size, mm 3.2 0.12 3.3 0.13 3.4 0.12
Did Shapes of grain C + E E C+ E E C + E B
Grain size, mm 2.6 0.12 2.5 0.12 2.4 0.12
C+E : Columular grain + Equiaxed grain E : Equiaxed grain only
FIWTNOBERRC L 5> Th, 72 =7 apV@EKISE b, SHEMMREEEY 2 L8 LT bR LT

o THIT % TiAly 237V 3 =9 LD H% 5 g
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LWk B BEL T TIRABNIZB D THHMI bt b
e AR DI DI R D ER AT - 12, 3 Crossley ¥
otzﬁ Mondolfo 234 LT\ A0 HIBOME H 5 i EE

i k% Al-Ti RE&OFHERBO ELxlzLrd bl
@\?JSVA&%%%&Uﬂz%Q&ﬁbkﬁﬂﬂmg%

oA Ltemsg 2 = v sgfif 0.19% DL EOFRNC T

EHEALIERRD DI ol FloF A=Y 25 qugaﬁ;
FEARIR O 5 S kLD A % A R T I AR IGEAIC K o TR D
SrExFA=v ReHE 0y O TRMREERLT
Wh, Photo. 11 w2 =9 n &= vEXFREC 7V 3 =
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Photo. 11 Microstructure of the A1-0.039;
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Ti-0.039; B alloy specimen.

(3) mmEMREICERFF L, ShERECFERGE L, B
CHRET BEE. &M% Table 121w Lze
(4) (DI A MR T 2 W R FF A S5 1R B JH R i K]

BREGHNHFEERICELZTTHE L3045 L8511 B &0
31 % B H R IR O BRSO HOUSCIE, Hisk 5099 %, 45 &
ERME E LT, 2.1 UicHBlorh, #iEE 99999, V99.3% D7 v 2 = v 23 XUWIEES9.99% D7 v 3 =9 &
Table 10 Chemical composition of the test specimens.
Alloy Purity of based Chemical composition, %
aluminium, % Cu Fe Si Mn Mg cr Ti B
Al—129 Mn alloy 99.99 0.001 0.002 0.001 1.25 Nil Nil 0.003 Nil
99.5 0.005 0.251 0.148 1.25 0.007 0.007 0.006 Nil
Al—49 Cu alloy 99.99 4.01 0.002 0.001 Nil Nil Nil 0.003 Nil
99.5 4.03 0.251 0.148 Tr 0.007 0.007 0.006 Nil
Al--0.15% Ti alloy 99.99 0.001 0.002 0.001 Nil Nil Nil 0.15 Nil
99.5 0.005 0.251 0.148 Tr 0.007 0.007 0.16 Nil
Al1—0.10% Ti alloy 99.99 0.001 0.092 0.001 Nil Nil Nil 0.10 Nil
Al1—0.03% Ti —0.03%B alloy 93.99 0.091 0.002 0.001 Nil Nil Nil 0.03 0.03

99.9%. 99.5%. LT 99.3%., 7N I =V e BHOWH
BE99.99%, 7 v i= v nkEME Ui Al-50%Cu i
&, Al-6%Mn R4 &k LUV AL-29% T dhiffa &% v
7o ALZERLS1X2.2% Tablel L0 Table 2 w172 %
DER—TH 5B,
3-2 REFEBLIUVER

FRFAFENCITRBRP B O R Le7 v =Y Ak X
O Table 10 LR L7c&&A 68 Ui,

AR IR AP A RENT L, MiAE99.99%., 99.9%,
FLU99.3%., T3 = B OYCHIE 99.999% F5 O
99.5%. TN I=vrk HEM LTS A-L2%Mn &4,
Al-49%Cu &&R LU Al-05%TI &4&% AT, BRI
BEBPUR TRV Y R L DTV SEEE L LT 2.2

(RER ikl LU ) Wk~ b D& HH L, S
BIFRER LOEDREC I 2RO B, HERET
B BHREBOHIOIMEEI LD ROLMH LD RRA T

>726

IR AR 2 2 &7 < BEERE AR

Table 11 Mealting and casting condition of the specimen
for testing the effect of the maximum melting
temperature on the cast structure of the

spacimen.
f s Casting | Time for cooling to Mold
%Zﬁggi};t&?:}tégg %ir?epera casting tririx;perature, tempéeéature,
720 ’ 0
750 3
800 5
720 100
850
900 10

Table 12 Melting and casting condition of the specimen
for testing the effect of the holding time in
maximum melting temperature on the cast
structure of the specimen.

— 20

1tir iti Time for
Melting condition Casting cooling to Mold
- N i . tempsrature, casting temperature,
T\,mpo,éature, t}f%ledufigr °C temperature, °C
’ min
729 # 1
75) I 1 3
i 2 700 100
870 3 5
850 4 8
900 5 | 10
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@ Cooling water tank (® Matalic mould @ Electrode
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Fig. 20 Apparatus for testing the effect of melting
atmosphere on the cast structure.
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Fig. 21 Schematic diagram of the testing for the melt-
ing atmosphere on the casting structure.
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HAHANIEETN AL OBEREIT R o7

VIR 1L 720°C, 800°C ¥ L 07 850°C & L& 1R B C10
~B05 G U T BRI 7 — A & AR X 8 TT720°C T
Ltre 7NV T v H Ak LUEHEF AIATME 99.99% %
L 0°99.0% D & DT, PaOs % UNi/K L THE L7,

BB O A VA BE OB IE, MEE 99.99%,
99.9% . FL99.3% D7 VI =7 AL 099.99% D7 v
T = nAEME Uiz Al-1.29%Mn, Al-49Cuis X TAL-
0.15%Tiaenr B\, 7VMIoV LBIOEOEEDNE
B F AL« DFENRD BHA, RERC TN
EH AR L OREN AR Lic, BCIIESEIF
Lo, By RT Skg oFEE A 720°C CTEME L, 1000
ml/min O E&THEEF A il BEF Ak BHC A
77 2% U 1 ~11 oI Cil X 4 1 2T

850 900 Maximum melting temperature, °C

Photo, 12 Effect of the maximum melting temperature on the cast structure of the 99.99% pure aluminium, X2}
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A=I3Bmme, 15 70mm DT 2.2 (RER S s L O%E
B) Wik~ BB X o CTHE U7oBURHNE DWW CEE 1B AR,
KR,
33 ERERBLUEE
3-3-1 BOEARE & HERE - OR
() BEBERECHEETHZ e, HERETAAL
EHITEEE LcEE,
BRAMRECE L CELCSEERECHI U THEEL
FobBa . MEE 99.99%. 7V I = v OIS
fRIREEC X o TR 513, AREROE R ER T,
RO d A 7R LC\W\B, Photo. 12 &% DM
7.T< 1/7'(:0
W 99.9% % L 00 99.3% D 7 v I = v A DR ERIRIEE
&%%ﬁﬁ@%%%Fmi2mﬁbko

01 99.9%Al
o 99.3%Al il
. 4 / RO
£
g
% 3
Ag (?/
[0 2 /r—/""ﬁ
]1 e . . . j
700 750 800 850 900

Max. melting temperature, °C

Fig. 22 Effect of the maximum melting temperature on
the grain size of the cast 99.99; and 99.3% pure
aluminium (720°C cast).

M 99.99% D7 VI =Y MR WTEL 750°C L Lo
B TR S 3RS b B MEE99.3 %D 7V I = M T
BTk, 850°C HiE % Th HREEHALOEMm AR L,
T EREN LR UTHED Th il b o @4
FRAIC T & 08 900°C DPEMRIR LT 3\~ T b S5l o
KL MG TH By & DEBAMIEI9%Fs & 1:99.5%
TN I =Y REECE AL-L.29%Mn 4 4 0 B
IR & HEMRoBfa Fig 23 1Rk Ui

[ O :Based on 99.999% pure aluminivm
® . Based on 99.59; pure aluminiym

S

) e e B E Only columnar stricture -
E over this. temp.
! — " o
q; I/
£ ! /
(_’)E ; ) /"
3 &
#
2 L “’“‘%’M‘ L
700 750 800 - 850 500

Max. melting temperature, °C

Fig. 23 Effect of the maximum melting temperature on
the grain size of the cast: AILI‘Z%Mn alloy
based on 99.99% and 99.59; pure aluminium
(720°C cast).

WIEE 9999 %7 v T = v nk R L Ui Al-1.2%Mn
B O FHE MR E AR E ORI L <, 800°C Bl
L OV TSRS DI & F B MEE 99.5
%DT VI =y sk EE Uiz Al-1.2%Mn &4 W\ T
t%, 850°C DYAMIRE E TH L HALT B35, FhblE
DR BT AL O BERMILERD Th T Do il
B 99.99 9% Fs L 995 %D 73 =y sk EMIC W
Al-49%Cu &0 RS ERIRE & 5S8R ORMRY Fig. 24
iR Lo '

o :Based on 99.99% pure aluminium
s o :Based on 99.5% pure aluminium

2. 7
£ '
= 20 /
c 1.5 B ;
S
& >

1.0 —

700 750 800 850 90"

Melting temperature, °C
Fig. 24 Effect of the maximum melting temperature
on the grain size of the cast Al-49; Cu-alloy
based on 99.99% and 99.5% pure alurﬂihium
(720°C cast).

HLEI9.99% D7 v 3 = v nh HEHE & Lz Al-4%Cu
DOHERMIC 3 21ET BEERRED BEE,  Al-1.2%
Mn &4 RIETHEL DD, HALOERIE D
Bivho IR 99.5%D T v S = v nkEH & LT
T b IR ER HIEED BivTzo

XBITHE 99.99% kB L OF 99.5% D7 v =y A’ﬁ_’%)&f
Wz Al-0.15% T & & DR E R E & #Ek 0B
H% Fig.25 Wi Lise

O: Based on 99.99% pure aluminium N 1

0.20H~@ : Based on 99.5% purlem:;::L-
0.15 !P——__—j )

0.05 !

Grain size, mm

RS S NEUU W Y Y S T S S Y S

700 750 800 850 900

Max. Melting temperature, °C

Fig. 25 Effect of the maximum melting teniperature
on the grain size of the cast Al-0.159% T1i alloy
based on 99.999% and 99.59% pure qluminium
(720°C cast).

FMED 7V I =V A3 E T 5488 W TRER

JRIRE D EEEBA D B BINED T\,

b) EEEBRECHIEFT 52 &, HERERAHL
F ORI AR LT e |
BRERRECRE L CHbCHERECHH L, +0E

ETHRELUTHE LIS, ME 99.99% % 73 =v 1

DEFEEHRL. RGO TH ofs 3. M 99.9% % X

V99.5% 7 /v 3 =9 A7 BOVCHIEY.99% ¥ L U8 99.5% 7

VE=y nEHEB S Uiz Al-1.29%Mn, Al-49Cu ¥ L O°

Al-0.159% Ti & & EHT D\ T 177 » 72 2B Fig. 26
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r 1 T ] i L Ee

3 0:99.9% oure aluminium
8:59.59% pure aluminium

D G,

& .y £

Al-1.294Mn alloy

o :Bosed on 99.99%; pure aluminium
4 @ :Based on 99.59%; pure aluminium
{
.

Al-494Cu alloy

& :Based on 99.99% pure aluminivm
_|® :Based on 99.5% pure aluminium |

U

Grain size, mm

Al-0.15%Ti alloy

o: Based on 99.999, pure aluminium
0.10 9. Based on 99.5% puro aluminium |

0.05

850
°C
Fig. 26 Effect of the maximum melting temperature
on the grain size of the cast 99.9% and 99.5%
pure aluminium, Al-1.29 Mn alloy, Al-49; Cu
alloy and Al1-0.159 Ti alloy based on 99.99%;
and 99.5% pure aluminium.

RIS | SRR 0 B SR R T B ©

LIk DIEET DD LR B N

() BEBEMBECHE U R, BERECHHNLELIT

700 750 800

900

Melting temperature,

R EREECRE UG L, SR B Ut &
M HICHE LA, B 99.99%, 99.9%3 £ 0799.5%
DT VI =Y MEDNTITR ol FROKERIL Table13
0 < B MRS 99.99% 0 7 v 2 = v T I,
PR R O BT, BRI R LR o
FEIBDbN TR,

m DA HIE99.9%D TV I = v MTRWTIE. B
FARIRAZB00°C DA CAREFFR L ML L0 b DIT 0
AL DBERATED BV Do M 99.6% D7 /v I =V LT
R T IR AR AE800°C 1T (R 5] L7c k54805 DL
FCRRHAAL DB A R T g

Fo. S OBAKE 99.99% 0 7 v I = v nhEH LT
5 Al-4%Cu H&IC D\ THT - 7o RER ORI Fig. 27 1
RTIML, WTROMEDO 7TV I =Y B L BB
SEBESEBEED LA L b o CHALOBEMZR LT
Whe Eio. M 99.99% R LT 99.59%D TV =Y A
GHb E 4B ALL2%Mn & 4ic OUT o HEROLERIE
Fig.28 e 724 . WENOMED 7 v 3 = v Ak Hb &
+ 55 S Al-49Cu S 4&08E4 & FRERESHRIRRED -
Fie & b o OEAALDOBAZ RS o #EE 99.99% 35 & UF
99.50507 v 3 = v Lk & T 5 Al-0.159%Ti & &t
WTHT e o o5 SRk Fig. 29 w3, Wi
BEDT VS =y nhEH LT HEECHN T, 900°C
TR U F DB R U528, FRLTOEET
VEIRGREE L7 BB e~ R (LD BEA SRR PR E W,

(d) BEEREREICRR Lo, BERECEE LE DR

FEC B0 R4 UCEEE LciBid

Table 13 Effect of the holding time at maximum melting temperature on the cast structure of the 99.99%, 99.8%

and 99.59%
S~ = Purity of aluminium 99.99 99.9 99.5
\
. H.O‘d‘“g\ Cast
E’éf&;‘:ﬁimre ;;gl}?ix;;m "~__structure| Shapes of Grain size, Shapes of Grain size, Shapes of Grain size,
by ’ melting tem- grain mm grain mm grain mm
perature,hr
% C — C + E 2.4 E 1.8
14 C o C + E 2.4 E 1.8
1.0 C — C + E 2.4 E 1.8
720 2.0 C - C + E 2.4 E 1.8
3.0 (¢} - C + E 2.4 E 1.8
4.0 C — C + E 2.4 E 1.8
5.0 C — C + E 2.4 E 1.8
% C — C+ E 3.0 C +E 1.8
ba C — C + E 3.0 C + E 2.3
1.0 o} — C +E 3.4 C + E 2.2
800 2.0 C — C + E 3.4 C + E 2.2
3.0 C — C + E 3.0 C + E 2.0
4.0 [} — C + E 3.4 C + E 2.1
5.0 C - Cc + E - 3.2 C + E 2.0
YA C - C + E 3.8 C + E 3.2
23 C — C + E 3.6 C + E 3.1
1.0 C - C + E 3.7 C + E 3.3
900 2.0 C -— C + E 3.6 C + E 3.3
3.0 C — C + E 3.6 C + E 3.2
4.0 C - C + E 3.7 C + E 3.3
5.0 (o} — C + E 3.6 C + E 3.4
C : Columnar grain only C+E : Columnar grain and equiaxed grain E : Equiaxed grain
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(41) FTNEI=Y AR ITEDOELDS
P e s
3l 741»
jf """ S Crouiy S S !
E 2%' P:\ggg( Melting temp., °C)%
o —720 1 —
o ot Based on 99.999% pure aluminium
= ® ; Based on 99.5% pure aluminium
o
o L
2 - I U SR & SEEITI 3
- U [ R -
04"
R . — B
0.2 1.0 2.0 3.0 4.0 5.0
Holding time, hr
Fig. 27 Effect of the holding time at the maximum

melting temperature on the grain size of cast
Al-49; Cu alloy based on the 99.999; and 99.59%;
aluminium (700°C cast).

&
i
1

£ "
£ z/a/‘ R S *
=Y 1R S () g DA
N ___‘r_-.--«-""
4 \a
c L el |
5 i
b e St
S | L Lo
3 e S S = i Melting temp., °C™
-t Based on 99.99% pure aluminivm— 900
® . Based on 99.59 pure aluminiom - ?gg
2 1 . 1 1 .
0205 1 2 3 4 5

Holding time, hr

Fig. 28 Effect of the holding time at the maximum

melting temperature on the grain size of cast
Al-1.29% Mn alloy based on 99.99 and 99.5% pure
aluminium (700°C cast).

coo
IS KN

1 Melting temp., °C ! ] 1
900 O; Based on 99.999; pure aluminium
©:Bosed on 99.5%; Pwre aluminium

0.09
0.08
0.07}

Grain size, mm

0.06

Holding time, hr
Fig. 29 Effect of the holding time at the maximum
melting temperature on the grain size of cast
Al-0.159; Ti alloy based on 99.99 and 99.59%
pure aluminium (700°C cast).

BRI AR U R A USSR BT 304 4 L
RS LinsBa, M 99.99% 0 7 v 1 = v L DFHiE
FRISER L DB Tl o 70y, W 99.9% 38 L U1 99.5% D 7
VI = e BS99 L U995 DTV I =
KA EB R Al-1.295Mn,Al-49%Cu ¥ X 0% Al-0.15
%Ti & >nTit, Figldd R L ERhiEn kL v aE
IR REF Lic B, &R E (T00°C) o RS
B LT L - THEESTHENHD SN,

" |

4AF 99.9% pure oluminium
N4

3 /99,5% puro aluminium
2 -

Al-1.205Mn alloy

l
i

| Bosodon99.999 pure aluminium

Based 0199 5%pure atuminivin

‘Al-425Cu ollov

Grain size, mm
w

Bosed on 99.5994pure aluminium

Basedion 99,59 pure oluminium

| [ i

0.10+

0.08 Based on 99595 pure
0.07 aluminium~

0.06 -

0.05

720 800 900
Melting temperature °C

Fig. 30 Effect of the maximum melting temperature on
the grain size of cast 99.9% and 99.59% pure
aluminium, Al-1.295 Mn, Al-495 Cu and Al1-0.159%;
Ti alloy based on 99.99% and 99.5% pure alumi-
nium. (Casting after holding 2 hrs at maximum
temperature and 700°C)

3-3-2 BROBROZRAROZE

HEEE 99.99% % L OF 99.5% D 7 v I = v n v b O HE
99.99% 0 7V I = v nhkHEM E Uiz Al-015%Ti &4
JUVAL-0.03% Ti-0.08% B & &z D\ TR OB O
BB PSRRI R4 Table 14 iR Uiz,

Table 14 Effect of melting atmosphere on the cast structure of the 99.999; and 99.59 pure aluminium and
Al-0.15% Ti and Al-0.03% Ti-0.039%B alloy based on 99.99% pure aluminium.

R,Ntomsphere Air Argon gas Nitrogen gas
. Melting

Specimen t}ill‘,’lled"gﬁn remp%gnure, 720 800 850 720 800 850 720 800 850
10 - - — - — - - — —
99.99% Al 30 — - — — — — - — -
60 - — - — — — - —
10 1.0 2.1 2.2 1.0 2.1 2.5 1.0 2.1 2.5
99.5% Al 30 1.0 2.1 2.3 1.0 2.1 2.6 1.0 2.3 2.6
60 1.0 2.1 2.2 1.0 2.1 2.7 1.0 2.1 2.6
10 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.13
Al-0.15% Ti 30 0.13 0.34 0.30 0.10 0.30 0.30 0.26 0.26 0.30
60 0.13 0.33 0.33 0.13 0.33 0.30 0.34 0.34 0.56
AL—0.03% Ti 10 0.32 0.32 0.32 0.83 0.3 0.30 0.31 0.31 0.31
. 30 0.32 0.32 0.32 0.33 0.3 0.31 0.31 0.31 0.31
—0.03% B 60 0.32 0.32 0.32 0.33 0.31 0.30 0.31 0.31 0.31

— : Cast structure is only columnar grain.
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Argof gas Nitro%en gas Airl «r;aterit;ggheer AL ARAL S A EE A E L. B 850°C C604 I fREr Licts
s Specimen  RICHHRIMK OB BB TN 2o A1-0.03%
) Ti-0.03%B & &EEBWTih, BEEIMK N H SR
5% BEBNITA A E D BV, Photol3icigito 1
FlE LT, LR E 4 850°C CTH B L6024 Lic
9.9 pare 5, 720°C T L7cBE ORIRME R Lo
aluminium
3:3:3 BHOEL A AUBLOZE
B 99.9% L O 99.3% D 7V I =Y Avn BOCHIE
99.99 0> 7V I = v nEEM & Lic, Al-LZ%Mn, Al-4
9% Cuds L0 Al-0.15%Ti & & D\ T HE» » L
TAT ook, M 99.99% 0 7 v 3 = AT AL
OB 51T SRR DL TH o fedd, MIE
99.9% 3 08 99.3% 0 7V 3 = v AT RWTE Fig. 31 1
TN SR AT & o T E RS AL D I
99.5% pure ST AEDREE, RO 6 AR iR 3Eoamb
| dluminium g fe P RO R & R LTS,

e 3 ),M—( ~—X 3 ey & -y
£ Y P”Q-— 99.5% pure aluminium
$ 5 —~99.3% pure_aluminium
N
% iAl;l.zo/QMﬁ guoy' .
O G | AI-4195,Cu alloy
2 7 r
< & ST e <r W hd ~
e Al-0,15Ti alloy
b e o too b0
A1—-0.15% 0 2 4 é 8 10
Ti alloy Treating time, mim.

Fig. 31 Effect of the chlorination on the grain size of
cast 99.995 and 99.3% pure aluminium, Al-1.2%
Mn, Al-49 Cu and Al1-0.15% Ti alloy based on
the 99.99 pure aluminium.

H299.99% . 99.9% L UV99.3% D7 VI =Y igh T
T 99.9% 0 7 v 3 = v Rk R &5 Al-L2%Mn &
Gds L UF Al-4%Cu A &t DV TE RN AJLEEAT - 7ol
= B 99.99% 0 7 v 3 = v n O PSRBT EE T AL
U A 00T Hli X o TR EA D U TRIREO B TH DA% HIEE 99.9%

—0.03%B . . e
alloy B I 099.3% M 7 v 3 =Y nie BOW 2 HiD 4 &0 ikl
wit Fig. 82 wR¥im< . Wb @EEF AR L - T
AR Lo %A R Lo
Photo. 13 Effect of the melting atmosphere on the cast 3 +99.99% pure aluminium
structure of the 99.99%; and 99.595 pure alumi- £ + 99.39% pure aluminivm
nium and A1-0.159 Ti and A1-0.03%; Ti-0.03%B s 2 . t +
alloy based on 99.9995 pure aluminium. X341 5 3 1 3 ©
£ 7 ] - AF1.29%Mn alloy
Table I\ WTHE 99.99% 07 v 2 =7 nOBBHCE 5, o—o] = &—o =
-40
WTIRZER R, TV T Y A S BNEERE S ADONTIO ] . Micu cltoy
FIIKC M LT L S BRE DL Th o #iE S SR T
99.5% 0 7 v 3 = v REFIC WL, LIRoABEEKD Treating time, min.
HISA SR e 5 27\ ALOISOTE fppty  Fis 82 Blfect of the miromen Bo e ooy the
s oA e T 7Y R ] o o e ) grain size of the cast 99, and 99.3% pure
Qfﬁ’ﬁ \I\T(iflvz.?\‘jﬁ L /f/‘/ T ADRBEFR CERE Ui aluminium, Al-1.29 Mn and Al-49% Cu alloy
BaE LD, H 2B TR UT=3-6 0 05 3 EEEMER based on the 99.99} pure aluminium.
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WIEE99.99% 0> 7 v T = v n M Fi e Al-0.159 T
BT DNTERE N AR AT o 7o RERAERL Fig. 33 1<
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o

&
[
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Treating time, min.

Fig. 32 Effect of the nitrogen gas treatment on the
grain size of the cast Al-0.15% Ti alloy based
on 99.999% pure aluminium.
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AL, A RIRLEE (@%Kﬁ&%ﬁ%(@t70000~%‘£)40)fﬁ 800°C % &
2 5L KA Ui & ik Bernstein (3 Al-4.394Si
&b Al4%Cu i RV, F2=v nhHh
Y a =y n g B TR ER 0.05%, 0159 B0
0.23% BN U1 B-4 O SBERMIC s ST RRRE OB E
IET U EROESOHERBIL, kvHE FE=T L,
HAINLY NV a =Y AORINT L D BEREEO LRCE D
75D SR O A LAY Uy 2v DL IRINTER O R TCIk

BLWY R, FE2 =Y AMFNRDE YNV o=y LEE
IR B X B il & & D SRR O AL OB IR %) F A
&m:a%%@ﬁbéoithmm%i§S&mf&L
H£99.999500 7 v 3 = v n % 670°C 35 10 950°C T
L, 670°C imhn#h Ulz= v 7 v vy SRICEEA B E BIT KA
Lisaim i 99.99% 0 70 3 = v ald, WTIROER
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TV I =y sk, 950°C TEAME Uic B0 O S5 R AR IR
FhDART, 670°C CHE Lic b OB M R D

fRiE E 950°C D38 & T $670°C T UF DR EE T304
FE LT K LB et O i Bl e /nd &k
N, ZOERE UTHIE 99.55% 0 7V I = v RTI\WT
13, BisosE oz Foregein nuclei & LT7VvI=v
LOGEE D I T REE L TWA DT, ZOWE
TV I = LOEELS L D 20°C~50°C LR EHIFH T
VBT THAE LT A5, 970°C kiR TR e Y
L DEERLE X Y 20°C~50°C LR EHiFIc AHT 5 &
FOHE LT 7V =v » BEO gEEOEw Foregein
nuclel 2 LT 70 3=y nDHE 372970 ThAH

5 &L TWh, FRKSIEN, M 99.99%D 7w 3
=v a2 =y 2 %0025 Uicd &, 99.55% D7
VIi=yn EEERERERTIELD, BEF A=Y A
73 Foregein nuclei & UTD fEHA T HDOTikic/hbhD
M ETRAT U D,

FEHEORROBRCR AT, H#E 90.99%0 7vi=
v L DEEEE, BIRRED LR & b5 FhEko
ZALERD BT, ME 99.9% R L U7 99.5% D7 V=Y
ABLOCENFNOMEDO 7 VI =y 2 kEb & Licds
BB S5OV IRIRE D LT X AR OBEROK
EWZE LD, 7=y AhOTRMO R T, BE OB
e UTERTAWEN S % EHE L TR UAE DT
WhDEE L BNA, F 1 Al-0.159%Ti 44D ERED
IR OFALIC & b S AR b DAL WOk, 2.3
i~z BRI L B LD TH 5D EH 2 BN D,

IR OEFSIT 7 v 2 = v A OEEREBCIT Sy S
AR\ BCZER AP TR LI B & TV T AT
LIS s ED R LY, TvIi=Y A
BHOBLIE 7 v =y OSSR EEL 52 550
LWEHE L B, Al-0169%Ti &40 EMRA, BHE
B A COERTORCHIIT DOk, BE OB 7 »
HBETATHR o725 BHD BNz, 2O EIEDN
THER IR B A A B O & izt 5,

WG OWHET A D D TERET AT NOR A Ui
Ko THHMEE 99.99% D 7 v 3 = v » OSBRI EY
AUFin s, S 99.9% % FOR99.5% D7V I =Y K¥s k
U FNF s Eft & Uk Al-1.29Mn &4 4. Al-4%Cu &
&8 LU A1 TI A& B CiE, By 2 U X »
CHEMRRIER T 205, FOEMITER T AAEDFH
RS AME L D HRE LV,

Cmmgmi%&AHM%ﬂHéﬁ%%WCT%%ﬁX
WA UIa, 4 = v A0S E RIS A5 &
BCEME oot FEMEBITHR G L e |E LT
Who EHHEDERICRNTH Al-0.159%Ti 4 &0 #EH#%
EET AR L > TPPHALOER AT LTW5D
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LN DAL RNEG A BFH 7 20 A LIS 138
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£ Treated by ch!:o'r'i.r{e gas L. &4 EHiE99.99%, 99.9% Kk L0 99.3% 7 /v 1 =V
8 20 |- ‘ n%Hkt e U Tablel6 [ {b3msr i Lic Al-1.2%Mn
g | S, ALA%CU Bde, 5 5T ALOIS%TI Ades bUIC
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Fig. 34 Effect of the Nitrogen gas treatment on the
grain size of cast Al-Ti alloy based on the
99.999; pure aluminium.
#1500g A 760°C CEf# L, 300cc/min OEIS T 3042238
o A I X A T50°C TR Lic, £0#R% Figdd iR
Ufre #OEALFR=Y 2&ERE01Y% D IELEHETS
FUEHEZ BT OB o SRl ol U T U < e
LB EHEBDI,

FEHC . #0/299.99% . 99.9% % X UF99.3D0 7 v 3 =Y hig
LU A 3D 7 v I = nk Bk e Like Al-12%
Mn 44, Al-4%Cu &4k L O Al-0.15%Ti &&% H
Voo BB 200g AESEPUACREV Y RIC Lo THER
L2 2. ikt sEE, Tablel? ik LizgsELtie k-
THE Lo

S DOBR O YA B D BRI 2SR B JE T E
BET B b DEENTIRMEE 99.9% % L0 99.3% D 7 v 2

Table 15 Chemical composition of the 99.8%5, 99.7% and 99.5% pure aluminium virgin metal.

Chemical composition, %
Purity of aluminium, %
: Cu Fe | s Mn Mg cr Zn Ti Al
99.8 0.004 0.134 0.054 Tr Tr Nil Tr 0.006 99 802
99.7 0.005 0.154 0.089 0.002 0.020 Nil 0.001 0.007 99.722
99.6 0.008 0.204 0.082 0.007 0.020 Nil 0.007 0.006 99.668

Talgle 16 Chemical composition of the alloy specimen.

Alloy Purity of base Chemical composition, %
aluminium, % Cu Fe si Mn Mg cc | Zn Ti
99.99 0.001 0.007 0.001 12t Nil Nil Nil 0.0002
A1-1.2% Mn 99.9 0.004 0.031 0.022 1.22 Nil Nil Nil 0.094
: 99.3 0.031 0.48 0.143 1.23 0.02 Nil 0.01 0.009
99.99 4.16 0.001 0.001 Nil Nil Nil Nil 0.0002
Al—4% Cu 99.9 4.06 0.031 0.022 Nil Nil Nil Nil 0.004
99.3 4.16 0.49 0.143 0.01 0.02 Nil 0.01 0.009
99.99 0.001 0.001 0.001 Nil Nil Nil Nil 0.0002
A1-90.15% Ti 99.9 0.004 0.031 0.022 Nil Nil Nil Nil 0.004
99.3 0.031 0.48 0.143 0.01 0.02 Nil 0.01 0.009
AL—0.005% Ti 99.99 0.1 0.001 0.001 Nil Nil Nil Nil £.0002
A1-0.05% Ti 99.99 0.001 0.091 0.001 Nil Nil Nil Nil 0.05
Al=0.10% Ti 99.99 0.001 0.001 0.001 Nil Nil Nil 0.01 0.105

4, SBEZELGEEBCEIIIRE

441 EBR M H

B EHI L S % Tablels ik Uic#liEE 99.8%,
99.79% %5 X 199.69% 7 & 3 = v A& LIANE 20 1 jT DT
LOEFA L D% VT,

Table 17 Melting and casting condition of the specimen
testing ths effect of casting temperature on
the cast structure.

Melting . . .
temperature °C 6?3 7110 73}’ 7?3 810 8?0 9}0
Casting M M M M 4 4
temperature °C 670 700 720 750 80 850 900
Mould

temperature °C 100

4
= nE T, RSO GEIEE OMREIL Ruddle )ik
oo Fig. 85 OB AR Lico
Bic s\ T @ DEE 4 LY @ O & BT Bk # &7

Bo @UE0AMme DTV AN = 7w A VETERT, T
BENBEHMIET DT VI F A v FRIKCEPLICD
DA YA LB00°C THEX [ 7o b D D SEliik SO AL HS
LRI OMDYES b Bl & Lic #i0E AEE L,
B OB EE T A E Lico @lka v/8— 2 — TREN
0 Rt D HUNERBER A ASHMC L L, D@D
hege XL DM XEEORYEAy v e/ 7 7L DEH
s B Ao L OREBICIE@OBE AT T b #iA R
BERCHIS T A EM A G A, BEOBEO Xy Ay Y e T
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@ Cold junction
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® Mould (& Amplifier
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Fig. 35 Schematic diagram of the measuring cooling
ratio during casting.

7 DBEBBECHT DX VEFILT D Z 212 Uty WELEE

DB Ruddle R F U< Figd6 R LicsiHE)

Mo, FHERE L —E & LIcSA OEERBORE %

TOMEZEAR At &L, ERE Tl Lcri As DL

TR Uiz,

ot}
o 1»_
AT
E -
s 1
m£
g A
&=

(o]

0

Tims, sec.
At[As=Cooling rate
Fig. 36 Caluclation method of cooling ratio of molten
metal.

AEEEL, 2.2, TS Lo b L ET S F—T
b DN OEBE X AR OBE T, BEHIPHET X ITERE
HEAREECSH 50T, B2 AT, A 65¢mm X
200mm, #AOD % bmme & L. &EFEEFELL
65dmm X 200mm DDA L, 2kg D% Table
18I TR U5 R in L » T8 U,

Table 18 Melting and casting conditions of spscimens

for testing the effect of cooling rate on the
cast structure.

Mould It‘gfég““éc 700 730 760 810 8% 910
temperature: 9l { 4 4 i 4 I3
230°C const tcjifgf‘%c 69 720 750 800 850 930
Casting i‘gﬂg“%c 730

terglperature: Mold'

720°C const | {0 oc 100 200 300 400 500 600

FEERIO K ¥ v Fig. 87 ik Uiz Wi o AR sk

WTCEIHROMD 3 rigd 1.1k~ FiEir L - THE L
FDNE T b o THRE Ui,

/////%%7/—

200

- 20

100

e

Fig. 37 Position of measuring grain size.

PG & SRR O B MR MRS 3 B b D BRI,
W 99.8% D7 v 3 = v noh e, EREBILEILO%E
L OWHRERFEHBC R LETEELHMI Lz b &
BERUTH S, HEBEDOBEAODRY Simp~
lommeDFiF T/t X 4T Table 19 7% U7~ #5400
& o T 2ke % FhiE LA I S50A £ N B BB R % &
= TEHEHRE & Uiz
Table 19 Melting and casting condition for testing the

effect of the casting speed on the cast structure.

Melting temperature, °C 700 710 730

{ {
Casting temperature, °C 699 700 720
Diameter of casting spout, mm 5 6, 7, 8 9, 10
Mould temperature, °C 100

LD K% ORE L AR DD PRI & 65380
WOBMREY Bad Uiz BB 20T iTo b0 & BETSH
éo

TG R & S5 ARAR O BE RO T AN 1 41999995 . 99.9
%. 99.8%. 99.7%. 99.6%. 99.5% %5 99.39 7 1 3
= U L7 BOVCHIE 99.999 73 = v o CFE = LA
0.005~0.1% DR THRIM Lic b D% FAV, BB Fikie
V. Fig.38 10k U7cSRBREE BT X 0 $550 0D IS 12 1 SRR~
Zildl (Directional solidification) X4/-40 & 2.2. 120
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Np BT T e TsEE (Progressive solidification)

Lz O & & LiE Lo
D
4 7 @)
vy AL
: ~ D

)

N

@ Thermo couple @ Ni~Cr resistance (9 Water tank
(for molten metal) wire Pipe
(@ Thermo couple (%) Metalic mold @ Water inlet

(for mold) (® Copper plate (i Thermocouple
(® Fornace for heating (D Asbestos (for metallic mould)
mold Supporting desk @ Water outlet

Fig. 38 Casting apparatus for directional freezing of

specimen.
Mz B\ T QAR BENEMO #EITHY @k
L U@ EBOORENEROBENTH Do O aH

m%m@ﬁwﬁf@@IhCrmﬂﬂf&éo@mﬁmf

Casting temperature,

700 720 750

Thermo couple (for mold)

Photo, 14

LTI EBHI R A BN &5 B TIRDIAAL D, O
7 AR A b TEIREMEEA O EERIL, REDOET
HEIET 5720 Tdh Do @ kil CHEE @ OWANE X
b 5000cc/min DEIL THRAHE X @ X REDKE I
TR X D FREORECHER L TR Wedlba,
EOSEERECEA L TR Wiz e T #ik LS FEB VT N
IROETE A T SEHIEH L 0 GEle L —Hmd Do &
i (Directional solidification) #{Th 7o

43 RBRERBLIUER

MO BER

Table 201z, #i£99.99% . 99.9% % L 099.3% D7 Vv 1
= L DOPHEIRE & SEREOBIRATR L

T FSWNT, HE 99.99% D7 v I =Y n FEEIT B W
Tl FHEEED BE v BT HEARMEEIRE 2
S LibCs D . HIEE 99.99% 0 7 v 3 = 9 LB TIE
750°C L kDB CHEEE LicBa, BIRGsREE L
Tnbe HiEE99.3%D 7 V3 =Y LT EWTIHL, 850°C L}

_J“O) FFVC%JCJ_ 1/7—\—7/75;:1\ %Lﬂl%(’i& “I j( [L%f L¥
b, Thbbh., SO ERER T 5 88

BEWET V=7 AOMEMET 5 Lzl TaE R

Do . MiEE9.3% D7 v 3 =y 2FEHC RN TIX 670°C

T UTnbaa ., M T s 85 1EMiia 18 %, Photo. 14
FOEPAERLULICEDTH SHo

°C

800 850 900 Purity of aluminium %

l

99.99

Effect of the casting temperature on the cast structure of the 99.99, 99.9, and 99.3% pure aluminjum,
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Table 20 Effect of the casting temperature on the cast structure of the 99.9and, 99.99, 99.39% pure aluminium.

“===.___ Purity of aluminium % 99.99 99.9 99.3
g:;mscti?cture Shapes of grain | Grain size mm | Shapes of grain | Grain size mm | Shapes of grain | Grain sizemm
670 (& — C + E 2.1 E 1.2
700 C — C + E 3.1 E 1.5
720 C - C + E 4.1 C + E 1.8
7590 C — C — C + E 3.1
800 C — C —_ C + E 3.1
850 C - C — C -
900 C — C — C -
R IR, LA 3O 7 v S = v 1k FNENLE .. —
. . S5t - Grain sized 5
e Al-1.29sMn, Al-4%Cu 3 L 0% Al-0.159;Ti = S 99.92/A] » 0/—Coo|ing rate| g
= H — L 7Y% /299304 A0 | €
DN THF o of B4 Fig 89 wa Lice }4 /s 4
.= N
23t i3 2
AL1.29,Mn alloy Al-49,Cu alloy Al-0.15%Ti alloy g) ! ‘5
Purity of bosed oluminiym Purity ol based aluminiym Pufity of based aluminiym £ / |4
©199.99% O 99.99% 01 99.99% 0 2% ? 12 G
8:99.99% ®:99. 92 ©:99.9 % Q ..
€:99.3% .93 ®:99 395 O P Mold temp., 200°C const
5 [ S S 3. 1 ! ]
E ’ ! 700 750 800 850 200
2‘ . . Casting temperature, °C
i — / / / Fig. 40 Effect of cooling rate and casting temperature
5 37% . on the grain size of cast 99.9 and 99.3%9; pure
© 7/ O_D//// aluminium.
I
V‘/ 9""/ == Grain size
L ) ! N L L ! ) : O . R Cooling rate
70 500 900 700 300 960 700 800 00 o 4k /o J
Melting temperature, °C E /O/ /. E
U P
Fig. 39 Effect of casting temperature on the grain size ° 3r s = Z?'9@r4§?'3% 4 5
of Al-129 Mn, Al-4%; Cu and A1-0.159 Ti g : e e
alloy based on the 99.99, 99.9 and 99.3%} pure ;2 | 13 5
.. < |4
aluminium. = 0}
8 /' :
Al-1.29%Mn & &I B\ T, #EE99.99% 0 7 v 3 = v i o 42
2% EH & U BBHC 36\ THET00°C LG, #iEs 99.99 o« ]
O i 1 1 i

D7V =y ahENE Ul 8 Tl 720°C Bk
T, M 99.3% D7 VI =y nhER 3 BERIC BT
3900°C TENZENHE LcBa, SR /g ak
ICEA LT 5o Al-0.15%Ti 4&0E& L, Liko 3
DTNz nk LU AIFL2%Mn 443 L UV osE
& 3D LEHEERENHERMCE T RET W
NOMED 7V =9 2%k E &b Lirs4$850°C k5 L0
900°C T#HE LI-BE I bE#SMMO RO BEHALE TS

0. L SHA( LR Al-4%Cu & &1z g LT /Ui

D ostr,
432 RGOBEEE & SEEMEOBEGR

Fig. 40 i2 #if 99.9% % L 0°99.3% 0> 7 /v 3 = w7 11z
T, £BEE20°C #—xE & LT, BEBEOE (L5
HIBE DT B < B5E RO LB 77 Uiz,

X, AMED 2O 7V I = v LT ONT, SBEEES
720°C & LT, &BIREDOEC X B GEHEE OB &
PTLHEEEROT( A Fig 4l ©R Lize B DkEES
WEE993% 7TV I=Y A DBEEFI LTH I LTHRL
7z Fig. 42 L OB MCRD BNBINL . F—dHdeE 4
BITBEMED 70 3 =¥ LEDWT Bl A 3°C/

1 I}
100 200 300 400 500 600
Mould temperature, °C

Fig. 41 Effect of the mould temperature on the grain
size of the cast 99.9 and 99.3% pure aluminium.

sec Mt & D KR WIBEE, R—%EIE 45 3 528
EFRNTh, BEREOT(TET - TAREE S (X
WIZFE DT A, SAREOE (LTS THHIEE A%
(b X 7508 & D SRR O SRR T 5 A K
BEMB°Clsec it & D /N X WAL, Fl—BHdys 44
T OB T HEREOBICE T W THHEE 4
AL Z BB D F 3G TR OB IT B C i HI
R S EE LD BRSO S NI AT S B,
4:3-3 ShiEHEORE .

Fig. 43 [H1E99.305 0 7 v 2 = v 1 DS 35 115
T EEEIRE DR B A PI R AR Ui,

SR H1690°C O PR WL THE X M BBl
BTk, HEEEOC T BBk 5 v O3 L
ER DD BNIn A3 FHEEE A3 700°C 3 L 01720°CC
FE SNBSS Tk, SIS A < A BT L s
> THEEME AT 2 A %2 H LT\ 5,
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s 1 1 ! | 1
Grain size | .
\ ——.— Casting speed ! !
5 @ : Mold temp. O 720°C | I\
200°C const 4 D 700°C i 200
(O : Casting temp. ° .
& 4 720°C const @® 670°C 8
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IS}
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Cooling rate, °C/sec : ;

Fig. 42 Effect of the cooling rate on the grain size
of cast 99.39 pure aluminium.

10

Diameta sprue, mm

Fig. 43 Effect of the casting speed on the grain size
of cast 99.3% pure aluminium.

Casting structure of the aluminium solidified by progressive solidification.
99.99 99.95 99.8 99.7 99.6

99.5 99.3 «Purity of aluminium %

Casting structure of the aluminium solidified by directional solidification.

99.99 99.95 99.8 99.7

9.93 99.5 99.3

«~Purityof aluminium %

Photo. 13 Effect of the method of solidification on the cast structure of the 99.9995~99.3% pure aluminium.

4-3-4  EEETE: & FEEROBIMR

Photo. 15 = #£99.99% . 99.95%. 99.8%. 99.7%. 99.6
9. 99.5% ¥ LU 99.3% D7 v 2=y nk T720°C TFV
LT (FUE 100°C) 1@ 2 Wik~ BT EERBEE

(Progressive solidification) @ &b &i&E L HaE &\
4. 2wk N A BT — O M B ¥ (Directional
solidification) = 1 b #58 Lis 34 0 SiEAERE FHE 4
Bo Wz id. WiE 99.3% 07 VI =Y L 0BG RO
JE5 3 0 R 2RI T 7o BB TR a0 AR 1
AR & e B Y, BAREEH Y D LT IR 1

x1/2.3
BEVX W7o RE ek, BB OB T OB R&ET R
DB, HEREAKFE HD T WD,

Photo. 16 12 3Z 99.99% D7 v 2 = n& B E L, &
2= n A FNFENC001%, 0.005%. 0.01%, 0.05%3 &
¢ 0.105% Z L X4, HBRER LD OBmAlr ke Lic
S0 BERREY R Lice BRELRSWT, FA=Y 50D
L8 0.105 %EUEC I\ T, BENEH L D DAl &
e LTWBIL bbb T, s Blfz RLTH
Bo F# =y &R 0.05%F R WTIE, BURTHENC
ET O B SO RD BB O KRS H DD

— 3] —



(49)

TR =Y sk K OEOEEOFHEMMAE LN B KB 05

Vol. 3 No. 1

«Titanium contents, %

0.05 0.105

Photo. 16 Cast structure of Al-Ti alloy specimen solidified from bottom of the mold by directional solidification.

FER R ik SR, (Fieder kristalle) AN
HDBNDH, FF = v n5H0.05%~0.005% DBk Crikk
WSR2 Hd, B B0 RIS TOB Hix iR
Bo BILF £ =9 ndWs 0.0019% RENC I\ ~TiE, KEk
OB T B,

DL EEROKER, 7=y aB L0 EDAEEDHEES
PR EE SR L BIRG M L 0. B b 2 D%
BT K EZ T EMRED B,

PlLEOHRZOWTELEL L), $TBEREDOWT
VEMEE 99.99% 7 v =y A DB ER EOE AL NE
(LB, HIRADRTH B HME99.3% D7 VI =y LT
FNTHEO70°C Tk Uiz b O O SEEil M X ok 7/x B B 4h
DHT, FleBdlRNThH, EFO7V I =y LOME
PMEWZ EZDMEA DV, Eof—#MED 7V = 4
HEH E Ul a4 Tk, ALL015%Ti 441 F O ER R
<. Al-4%Cu a&hrhicoE, Al-1.29Mn &4tk
R Z DA A D T\

C OO JFIR: 5 i BE D ZEARIT X D) ¥ 0 W ELEEE 23R
L te DI S L Lc b D & b 2 B D 0smH
EEDFEMRIC 5 2 2 BT OW TR L Fig. 42 o
RRIZ LD L, A—mBHEEC R T L EEREDEIT
&7 D BHIEE OB S S 2 BB TN,
SIREOET L b ) BHEEOELIC L HHELD
K& FHERE DT & &7 D HEIEE O 2385 Rk
HIRETH LD EEE L BN, BB W E, EEEEs
WL OIXBGORMENEL D LE 2 BNANDS, KEHE
BRICHI NSRRI DO Z & |, B2 LY —EDHAD )
LUEGE BET AR T E T, BERENEL LB,
FHAD-DEEDFHA O B BEEGOEH NV, F0
o, BEEHEENTE . 4. 8. 8. Wkt Tk < SSs ARG
AR LD S M/, + 2 THERET S 3¢
PREEE OB AN 99.99% 7 /v i =9 s B E Uiz
Al-1.29%Mn, Al-49Cu, L0 Al-0.159%Ti &4 nE
$5200g 2B D BEEIR I 670°C~000°C i cillse Li- & &
% Table 21 i BN BINL , BHOHAMREL, AL
DFEHTIRAZER N T L2558 B Uizt o TR i
DB L HFERBOBAM IS EREOEBERE L 4
3 BV

Table 21 Effect of casting speed on the cast structure
of the some specimens.

Casting time (sec) of total amount
of molten metal (200 gr) was cast.
Specimens

ggésgéggture, 0| 670 700 800 900
99.9995 Al 4.3 4.2 4.1 4.0
9.3 9% Al 4.1 4.0 3.8 3.5
A1—129 Mn 4.2 4.2 3.9 3.8
Al—49% Cu 4.3 4.3 4.0 3.8
Al-0.15% Ti 4.1 4.1 3.9 3.6

Km&c%;UEthm% SIRE & AR OBR A
st U, SiE99.99% 7 v 3 = v OFEMAEL, 670°C~
860°C DEIFH CH1E U BT ERED A TH S5, #
BE99.55% 7 v i =y Ak L OEME 7 v 3 = v 220.02%
Ti %70 Licasia, 670°C ¥ 100 685°C T Li-te
BT EHEADOARTES Z & aFD, ZORRE LT
670°C Js J 1°685°C i 36\~ Tid ¥ ic Foregein nuclei
PEBEAELTE D, SHEEOB O 7 v 3 = L DOEE
HHOMMTEEUTHEATSD O TH B Lk, Cibula
O|ELTWHI L, #2=vrh TiC o T Fore
gein nuclei &7z 0, WAL BLLOTHASD LD
BEHT - T b,

O U ERIC W TL, ME9.83% 7 I =y
LDFF = r7 L\ aHEMN 0.01% LT Th b7, Kondic
%iU»&ma@u&ot%%Fx HEDFEELTEDD

DATIIE DI\ DS, #E 99.83% 7 v 2 = v nit BT
Al & D iiE 20°C oBEO IR TE L iAo &
i, BIZBHEEDOL L > THREIND LD T RNT

HAHDEHELBND,

DEI, @ﬁi@m@ﬂﬁgﬁﬁV%&m?@%V
WCHEET B, EF‘}%EQ THEE99.99% % 1 10°99.3% > 7 v 3
=Y AEDOWT, HBRIERL D OWmEE Btk e UizgEic
L BEREMMIC DWW TSI L, BE 7Y I = v A
ﬁﬂwobfﬁ%@ﬁﬂr%Lﬁéﬁm WO, M7
VM=V LB TERD HHIEN Ll TEB LT &
&, W L LB X NIUE S S AT L, S ok
BEUCHSRR E /e h, BRI LY B A UCTT
MBEE U TR O FEICE L, ke (BT
EHHER) #EELDLI LA, Mo rioy
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LAHIDF Z =7 LR Cibulasé)%%&m LTwh &L TiICo
BMirenbbiEL, 20 Ti AR EXIRELEDTH
A5 o Lo TR RIS TlEF £ =0 2O AL D
e 2 = n G 0.008% 03T 0.013% De g EY
TR LT &R~ T B,

AT Z DS AT D ET, ME9.99%, L1999
~99.3% O THE AN 2TV I =y 2 E AT, §F
HUBE D FESL X D R PRI R A AT S Bl &L K
X D EE X s DLW T ERER Fig 4 wRLic
R I\ T, B & D R & 7o R 0 THENC B
SO LT D S DX FEDESICDOWT, BRI
35 (Applied Research Latorotory#l) i< X - Tar#f
Wi otce FOMEEAY Table22 s LU Table23 iR
L#, Table 22 (2$5FUBED L D, FIRHC PIERIC
AHA X RBOBETH H A, MEN.99% T L U99.9
%D TV I =Y RBEICRNTIE, BEE, rAEBRBLT
F 2 = LOFHTEED BN, X, HME 99.8% LT O
7NV 3 =Y MERW TSR 2 H S O RENC D
Bid, Table23 1k Mo KX D EE% #17T X7
RN DWW T DRERTH B4, #l 99.99%. 99.9% ks LU
99.8%m 7 I = v nEBHC B WTIE, FRESL r A Bk
LOF 2 =y LOFHTEED BT,

|
T#___'
.

A d

|

T
l..‘_ 35 ]
Specimen cast in chilled
metallic mould.
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=
Specimen solidified
from  boftom of

metallic mould.

Fig. 44 Position of the spectrographic analysis of the
specimen.

R WEE 997U LI T OMED 7V I =T KT BT,
ST SR BB EIIICS WETH A H 2, R
B = A DIRHTRE kinh o7,

% = ¢ Photo. 16 7R L7 99.99% 7
2 = v ok 0~0.105% OFFH T AL B 7zsEHT DWW T
BIRED T L o T AT o i 4 Table 24 iR

7V AT

Lret, & OFEHC R T L FHIC B EEHICHE, FREK
DHEsE LT DS T 2 = 7 2 OETIERD BT, AR

RSN 2 B HEGE - 2 = v n s g T TiC
DO LI -T7 M=y 2DGEMEY D AT E LTER
Lizb D E#E 2 B,

Table 22 Segregation of the irom, silicon and titanium
in the 99.9995~99.39% pure aluminium specimen
solidified by progressive solidification.

Purity of Position of Chemical composition, %
aluminium, % | analysis * Fe si Ti
T 0. 001 Tr 0. 0002
99.99 C 0. 002 0,001 0 0003
B 0. 001 0.001 0. 0002
T 0. 032 0.021 0. 004
9.9 C 0. 033 0.021 0. 004
B 0. 031 0.022 0.004
T 0.118 0. 050 0.007
99.8 C 0.134 0. 054 0.007
B 0.149 0.059 0, 006
T 0 136 0. 080 0. 007
99.7 C 0.140 0.084 0. 007
B 0. 150 0. 089 0. 007
T 0.202 0. 080 0. 006
99.6 & 0.19) 0.071 0. 006
B 0.262 0.091 0. 006
T 0.244 0. 147 0. 009
9.5 C 0.249 0.151 0. 008
B 0. 262 0. 147 0.009
T 0.473 0.143 0. 006
9% 3 C 0,432 0.134 0. 007
B 0. 526 0,152 0. 005

* T Top of the
casting

C Center of the B Bottom of the
casting casting

Table 23 Segregation of the iron, silicon and titanium
in the 99.999;~99.3% pure aluminium specimen
solidified by directional solidification.

Purity of Position of Chemical composition, %
aluminium, % | analysis * Fe I si Ti

T 0.001 Tr 0. 0002
99, 93 C 0. 002 0. 001 0. 0003
B 0. 001 Tr 0. 0002

T 0. 029 0. 020 0.003

92.9 (o} 0.033 0. 024 0. 004

B 0. 032 0. 022 0. 004

T 0. 140 0. 061 0. 006

99.8 C 0.144 0. 062 0. 007

B 0.147 0. 063 0. 007

T 0.155 0.09) 0. 007

99.7 C 0.155 0. 092 0. 007

B 0.162 0. 094 0. 008

T 0.242 0.088 0. 006

99.6 (e} 0.242 0. 087 0. 006

B 0. 250 0. 084 0. 006

T 0. 280 0.161 0. 008

99.5 o} 0.275 0.158 0. 008

B 0.272 0.158 0. 008

T 0. 525 0.158 0. 007

99.3 C 0.495 0.156 0. 007

I B 0.517 0.156 0 007

* T : Top of the
casting

C : Center of the B :Bottom of the
casting casting

%, Photol6 ok, # X =V rD&GHEE 0%%@
%0)0 PRI 2 E D BT WD, RosenthalirooLU‘rh
k&r&nmm@%m@w IO —FrE B B LA
BE, BEMBOEERNERMCALRWEEDS Z =Y
LRIET, PERGD BENAFTDEND E ATV
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Table. 24 Segregation of titanium in the AIl-Ti alloy

specimen based on 99.99% pure aluminium
solidified by the directional solidification.

ﬁ\\ Titanium contents, %
Nominal titanium Position of | Top of |Center of | Bottom of
content, % analysis casting | casting casting
0 0.0002 0.0003 0.0002
0.005 0.005 0.006 0.005
0.05 0.05 0.06 0.05
0.105 0.101 0.105 0.108
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99.99% pure aluminium
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Phote. 17 Etching figure of surface parallel to bottom
of the cast 99.999;, 99.8% and 99.3% alumi-
nium specimens solidified from bottom by
directional solidification.
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Photo. 18 Etching figure of the surface parallel to bottom of the A1-0.1059 Ti casting specimen based
on 99.999% pure aluminium solidified from bottom by directional solidification.
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Study on The Precipitation Hardenable
Copper-Zirconium-Chromium Alloy

by Keiichi Mizuno

It is known that chromium copper alloy is the most common material for electrode

of resistant welding machine, because it has high electrical conductivity and high strength.
The present experimental studies have been conducted to search after more excellent
material.

The following results are obtained.

1.

The recrystallization temperature and precipitation hardenability of chromium-copper
alloy are improved by adding small amount of zirconium, and by intermediate cold
reduction between solution annealing and temper treatment. These treatments make
it more heat-resistant and of higher hardness.

The hardness of copper alloy containing fairly large amount of zirconium, 19)~2%, is
improved by cold working after solution annealing, but their recrystallization temperature
are not raised by the addition of increasing amount of zirconium and rather over aging
phenomena started rapidly on these alloys. On the contrary, the chromium-copper
alloy containing the same amount of zirconium has a high strength and excellent heat
resistant characteristics after heat treatment.

From the changes of the electrical resistivity of solution treated materials during

heating and coolding from room temperature to 700°C, it has been obtained 0.5%
chromium, 0.2~0.625 zirconium alloy is the most precipitation hardenable alloy.
It might be possible to presume that there is a formation of some type of compounds
related to chromium and zirconium, except CusZr or a-Cr precipitate whose effects are
known by the report of W. Koster and of C. E. Lundin. But, the exact form of precipitate
was not determined by the present X-Ray analysis.

From the changes in electrical conductivities and structures of alloys, the outline of
copper corner phase diagram of copper-zirconium alloy and copper-zirconium-chromium
alloy have been obtained.

The chromium copper alloy containing 0.2~0.6% zirconium has a high strength and

hardness at elevated temperature compared with chromium-copper and zirconium-
copper alloys.

1. # El

S LT, V& Si, Fe, Ti, Be, Li, Zr, Sn D %)
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Table 1 Electrical conductivity as a function of
additive elements. Material solution treated at
970°C, quenched and aged at 475°C.

Chemical composition, %,

Electrical

Cr Cond, %

Ti Be Li

0.5 0.01
0.15

1.0

83.2
41.8
16.4

0.07
0.18
0.50

69.3
65.3
42.8

0.06
0.40

69.9
35.3

0.62
1.10
2.12

86.5
74.2
71.0

0.09
0.22

79.3
71.8

BRCRWTE LS o -FEBEEO S HEAT 2 TR
RENTND, HEHR, FEOHERIC B NTL, Cu-Zr-Cr
BT ENEND 2 AT LTEEE P 0B Bo
2 BN U EWEARR SN D, foAd, ki MLV,
Zakharov & I & 2k X7 Solubility oi-kiz—o

Wk, ZLOBMMAE N, ABEL, b4 2
It. bbb Cu-Cr LU Cu-Zr 44 L Cu-Cr-Zr

3 TTE I DN T OHT LB 5 A BALHR IS O S
H 25k L O XEAIE L D~ T b DD TEE Lizo

2. B #® R

2-1 BEBLUCERFE

BB N7 Ty RETCEARESEC XD RIR
U, WS, BRsiEaMERER LY 2mmEORM & |
T XD 2 mm BEOF LT Uiz, SN HEE
DAL % Table 2 Wik Uico X, #E#AEGE DN
o727, Laue XE@BITHICIE, bRy 8mm o
HEMHIRc AN, BRAEE CHE#E L. & 80mm o= v
<IETC, HRLETE o 1100°~1200°C 5 15~30mm /hr

Table 2 Chemical compositions of specimens.

Chemical composition, %

No.
Cu Cr Zr
1 Rem. 0.08
2 0.15
3 0.87
4 0.50
5 1.60
6 2.00
7 0.50 0.05
8 0.51 0.10
9 0,50 0.19
10 0.52 0.42
11 0.54 0.62
12 0.50 1.10
13 0.53 2,12

OMET TR, B AR Uk mIRESIH oM
Eid, EEA B LA, HEAC LT, BRND
700°C % T# 6°C/min. OEH T LF, THIEHA
DEFOFALETE Uico 713, COBAEHRCAIEE
NTY NV E AR AT T o7,

2-2 BEEhARIBIC K ATEERA

DERIC LD v o=y MEROTRGIRE A D
ERIEAENRMBNTN D, 15, B0 & T
BAHH, FOBLEILE T, BEWIAERE, SEOSM
MLEE M SaR b ERNRDOEEND, £ LT B
T 0.1 ~0.2%Thig) ODEERLELNH LD TH b,
Fig.1 1% 0.08~0.837%Zr # &%y Cu-Zr &4+ 0.5
9%Cr w4y Cr-Cu &4 0.05%~ 0.42%Zr %#ZRML
#r Cu-Zr-Cr 442w T, 970°C CEEM LA BE509%
OBMBMT A ML, Ttk 475°C T EMMRAI A 1T
Slc e XD 72 L BEO BHRE RLCLDTH Do
Plain @ Cu-Cr L0 Cu-Zr &4, Cu-Cr-Zr
LH&ENERM Over aging LWz ERINBOEMNE
BN S, Fig. 2 yva=v ng a0 EicmuwCu-Zr
2 TR DWCHREOMIBAIEE S Lich DT, Yyva=

150 [_
140 S5ES = Cr Zr
130,
120048 N 2 0.50 0.05
110 A 051 0.10
. 0.50 0.19
- 100 i o]
90 \L 00.52 0.42
. 80 ~ n 052 ...
o | |
120
110 / Zr
I e e e . 0.08
100t/ L °
90 . 0.18
80 ° 0.37
0.5 2 5 10 20 50 100
Aging time, hr
Fig. 1 Effect of aging time on hardness materials
solution annealed at 970°C, quenched, cold
rolled to 2 mm sheet (50 9 reduction) and
aged at 475°C.
200
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Fig. 2 Effect of aging time on the hardness of
solution annealed and cold relled to sheet.
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Table 3 Typical mechanical properties of Cu-Zr, Cu-Cr and Cu-Zr-Cr alloys at elevated temperature.

Mechanical and physical properties
R levated t 600°C
Alloys Treatment oon temperature Elevated temperature a
s’{f:nsgﬂti, Elongation| Hardness, Co%?g;,h' S{fx&%, Elongation| Hardness, Co"}?&fytl'
kg/mm?2 % H.R.B % kg/mm? % H.R.B %
Solution treated at 900°C,
Cu 0.37% Zr cold rolled, 60% 39 22 72 89 20.0 18 40 27
and aged at 500°C.
Solution treated at 1000°C,
Cu 0.60% Cr cold rolled, 40% 50 16 80 81 11.2 32 36 27
and aged at 475°C.
Cu 0.529 Cr- Solution treated at 950°C,
cold rolled, 60% 55 21 86 78 33.1 20 60 26
0.429;-Zr and aged at 475°C.

Cu

Ternary alloy diagram by M. V. Zakharov, M. V. Stepanova,

V. M. Glazov.
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The Effects of Intermetallic Compounds on the Fatigue
Strengths of 7075 Aluminium Alloy (The Later Study)

'by Seikiti Hukai and Katsuzi Takeuchi

We have already reported on the effect of intermetallic compound CrAl; on the
fatigue strength of the extruded shape of 7075-T6 aluminium alloy when the compound
(about 0.6 mm wide) is on the central surface of the unnotched specimen and found that
the fatigue strength of the above specimen is about 109 lower than that of the sound
material.

Present investigation is the continued study of the above and the following items are
studied :

1) The fatigue strength when there is a 1~2 mm wide intermetallic compounds in the
center of the unnotched specimen.

2) 'The fatigue strength when there is a less than 1 mm wide (about 0.6 mm) intermetallic
compounds near the edge of the unnotched specimen.

3) The fatigue strengths of the U-notched specimens having the less than 1mm wide
(about 0.6 mm) intermetallic compounds at the center, near the notch and at the
notch root.

4) The fatigue strength of the specimen which has the artificial hole-type notch in
order to estimate the effect of the intermetallic compounds in relation to the cavity
in the specimen.

The ultrasonic detector is of the Sperry type and the overall sensitivity is so adjusted
as to give 30 mm half amplitude of the puls-echo height when the measurement by the
angle beam method is performed at 243 mm away from the standard defect in the 7075
aluminium alloy specimen, as shown in Fig. 2. The experimental measurments are done
at 230 mm away from the intermetallic compounds. Fig. 7 indicates the relation between
the puls-echo height and the maximum width of the intermetallic compounds found by
machining. From this result we classified the specimen into two groups; one having less
than 1 mm wide intermetallic compounds and the other having 1~2 mm wide ones.

The Schenck’s plane-vibrating fatigue tester has been used for the fatigue experiments
and the measurments of the fatigue strengths are done at 107 cycles. The shape and the
size of the specimens and the position of the intermetallic compounds in it are shown in
Table 8, Fig. 8, 4 and 5 or in Photo. 2 and 3, respectively.

The S-N curves and fatigue strengths of the unnotched and notched specimens
without intermetallic compounds are shown in Fig. 8 and Table 5, respectively. It seems
that the fatigue strength are not affected by the difference in the directions of the
specimen and by the difference in the methods of finishing, such as electrolytic polishing
and emery polishing.

The fatigue strengths and the S-N curves of the unnotched specimen with a intermetal-
lic compounds are shown in Table 6 and Fig. 9 and 10, respectively. As shown in Fig. 9,
the effect of intermetallic compounds appears at more than 104 cycles. The fatigue
strengths at 107 cycles are 13.1 kg/mm? for the specimen having about 0.6 mm wide in-
termetallic compounds in the central surface (previously reported) and 8.4 kg/mm?2 for
1~2mm wide intermetallic compounds in the central surface. These are lower than sound
specimen by 11.5% and 43.3%, respectively. The fact that the specimens having wider
intermetallic compounds show the lower fatigue strength is different from the concept of
the estimation of the intermetallic compounds as cavities. When the specimen has the
intermetallic compounds near the circular edge, the fatigue strength is lower than that
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when the intermetallic compound is at the center, but the decrement of the fatigue
strength can be improved to a certain degree by machining the edge of the specimen to

a filleted shape.

The fatigue strength of the U-notched specimen with intermetallic compounds is

shown in Table 7 and S-N curves are shown in Fig. 11 and 12

When the intermetallic

compounds located away from the notch root the fatigue strength is not affected, but in
the case that the intermetallic compounds are at the bottom of the notch root, the fatigue
strengths are about 35% lower than that of the sound notched specimen.

The S-N curves and the fatigue strengths of the specimens having hole-type notch
are shown in Fig. 13 and 14 and Table 8, respectively. Comparing the fatigue strengths
of the specimen having hole-type notch and the unnotched specimen with intermetallic
compounds, the following estimation might be justified:

A intermetallic compounds less than 1 mm wide give the equivalent effect to the cavity

of 1 mm dia. and 1 mm depth.
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Table 1 Typical chemical compositions of specimens.

Chemical composition, %

Mark

Zn | Mg | Cu | Cr [ Mn | Fe | si| Ti| Al
190 5.58 | 2.62| 1.62| 0.31| 0.02| 0.21} 0.16 | 0.01| Bal.
209 5.50 | 2.58 | 1.62| 0.31 0.02 0.20| 0.14 0.01| Bal
224 5.62 | 2.62 | 1.67| 0.31{ 0.02{,0.21 0.15| 0.01 | Bal
296 5.56 | 2.68| 1.61| 0.32| 0.01] 0.21| 0.12} 0.02| Bal
383 5,52 | 2.66| 1.66| 0.32| 0.03| 0.22 0.183| 0.02 | Bal.

sv A 7.0~86, BE 0~3.2, ¥ — 7/VEY 15bm)
L. HiEiz 4B S 230mm DRE T 5fz0 T
b, BRARERCWCREFEEHHEE T L Ukedd,
F D FE L OV 2 BN QN BB TG O AR SR

(R 2.25MC, /v 2@ S Fk. s 0 /213, ERBEDBLD LB oIl DIETE STl b B %o
Table 2 Typical mechanical properties of specimens.
Tensile properties® Brinell hardness
Mark |” T Yield strength : i i i
- Elastic Hmit, Tensile strength,| True breéaking : Reduction of 10,/590/30

kg/mm? t <0k25//r§fé§et> | kg/mm?® strength, kg/mm? 1 Elongation, % area, % /50/

199 46.4 ‘ 56.9 k 62.4 76.4 10 18 154
209 46.3 ! 55.7 61.3 72.5 10 16 158
224 45.3 ] 57.1 ] 63.1 73.4 10 15 154
296 46.4 52.5 60.3 68.3 12 13 | 153
383 49.1 ! 55.5 ‘ 63.4 73.8 10 13 ‘ -—

1) Specimen dia.: 14mmé¢, gauge length: 50 mm.
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Standard defect

Dimension of defect!

Fig. 2 Standard sample of ultrasonic inspection.
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BAD ard Heywood OHENSRDDH EFNFN2.6
6 F7/0L 2.5 CHYT 5, MILEBEE © 1 4k Photo. 1
iR,

HBRARE A, &BMLaWO S 208k X O
D EHER ER TNENEZ DT, £ DL Table
3R,

30 30 — 3

<
1

0
45
1
T

a) Non-defsctive specimen.

- 30 30 30 -~ =30 30 30 ~
& | & I
™~
. .9 . &5

Intermetallic
compounds

c) Specimen having a
intermetollic compounds
near circular edge.

Iatermetallic

compounds

b) Specimen having a
intermetallic compounds
on its center.

=30 30 30 e

, Intermetallic
compounds

d) Filleted-edge Specimen
having a intermetallic
compounds.

Fig. 3 Forms, dimensions and location of intermetallic
compounds of the unnotched fatigue specimens.

2 mme¢ dia. and 1 mm depth
Photo. 1 Typical sample of hole-type notch. x20

Tl b, R EE O URIG) )G B Fr i i o5
AT (BUF, R EFR) WHRE L, Zottkiz=2 0
~ AR 404k B & Uras, B e iE s R
PR WERIE Uic b O TR BE BE 4 - GERE
H3sPO4:800cc, HeSO4:200cc, CrgO :50gr, TR
30~200A/DCm?, ®§#l3mn, WE 10°CLLT) Lizh
Db RECHE Utzo BT Liclodic s & ey O d
VEETET 0.02~0.08 mm T o7,

EBEEL&YE L OEEER IR E L, 2BMES
WoREE Fig. 3b #7203 3¢ iR H i 2EEE L
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oo B OL LR EBMLEmODBEE 7 b,
DEFE 4 ) ~FIEK L0 Ee Lichs, BRLEd
PAERER T DU D { W dp B b DT & bEEFEL L

b Uice Fie. %% T Fig 3d R X 5 CHMEA TR Y
Licboot Fiz= 2 v —~ TS 40 H E & Ui, &8
o 10t Photo. 2 it FRFNERT,

e 45— 45— «—45T4S~w »—45»1——45—«—

IR S e

o | |1 R

45

@
N

45 | 3

& | |

45

L&
1l

1 . intermetallic

Intormetallic ‘ intermetallic
! compounds compounds compounds
a) Non-defective specimen. b) Specimen having c¢) Specimen having d) Specimen having
a inteymetallic a intermetallic a intermetallic
compouds on its compounds near compounds on ifs
center. notch root. notch root.
Remark; Width of notch : 1 mm
Depth of noich : 12.5 mm
Radius of notch root : 0.5 mm
Fig. 4 Forms, dimensions and location of intermetallic compounds of U-notched fatigue test specmiens.
Table 2 Classification of fatigue test specimens.
Specimen Intermetallic compounds Finishing of surface
. Remark
Type Direction Wnll‘};ih Position of the specimen
Longitudinally Non Emery polished Shown in Fig. 3a
o hed Longitudinally Non Emery polished 1)
nnotche . . N
Longitudinally Non Electropoh‘shed } Shown in Fig.3a
Transversely Non Emery polished
Longitudinally 1~2 Center 2 Shown in Fig. 3b
Unnotched Longitudinally <1 Near circular edge Electropolished Shown in Fig. 3¢
Longitudinally <1 Near circular edge Emery polished Shown in Fig. 3d»
U-notched Longitudinally Non Emery polished Shown in Fig. 4a
Longitudinally <1 Center Shown in Fig. 4b
Longitudinally <1 Near circular edge Shown in Fig. 4c
U-notched Longitudinally <1 Notch root 2) } N
S ig.
Longitudinally 1~2 Notch root hown in Fig. 4d
Transversely <1 Notch root — g
rl;l:gg}—l'éﬁpe Longitndinally Artificial defect as shown in Fig. 5 Emery polished ‘ -

i) The specimen with filleted-edge.
2) The surface with intermetallic compounds is cloth-polished and the other is polished with emery paper.

(a) (®)

(a) Specimen having thgjintermetallic compounds of 1~2 mm wide on its center.
(b) Specimen having less than 1 mm ‘wide intermetallic compounds near circular edge.
(¢) Filleted-edge specimen having less than 1 mm wide intermetallic compounds near circular edge.

Photo. 2 Typical samples of unnotched specimen having a intermetallic compounds.

— 4 —
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(a)

a) Longitudinally specimen having the intermetallic compounds
near notch root.

b) Longitudinally spzcimen having the intermetallic compounds
on its notch root.

c) Transverszly specimen having the intermetallic compounds on
its notch root. :

d) Notched part of longitudinally specimen having the intermetallic
compounds. <20

Pheoto. 3 Typical samples of U-notched specimens having a intermetallic compounds.

EEMICEwE S OUIREBR R e L, £8M

{t&ofiBit Fig.db~4d KR Lk i 3L

RIZIR, BIRERC Z 0% b DR & R 8k Uiz BERFT
Ot FRaBMEMOd HHEE A 74 L, FOE@mMITS
AU ~FIEMRAJ0tE B e Lic, &8 BRA @ 1 #ik Photo. 3
CENENRT,

MAURERBRAITERE U, Fo4 ik 2 ) —FIESHER
410 L& Uie,

ks, BURBBRF OORIBOLTIEIMIOEE &L L
o Eio, MARBEF DISINEH2RNS D & UTHE
DiBolco Bl EENImme ODYRMPERLIES
DOMERBIE IR N EE D% TH D, AL <2 mm
¢ DEEE00% L D H Z DL 5 E RO hive
W e Ui,

30 30 30— —3-

\‘% B I
& o | [ -

i boo |
T &
Q} / { 6} TH| Mark |Dmmé| £,mm

Fig. 5 Form and dimensions of
hole-type fatigue specimen.

mOOw>»
N R R — -
(SN I

3. EREBERLLUEER

31 RHULIcE&BE{tEY
A TR R TR U7o K [at: Photo.4 w70 14
ERT LD CHIRE R, SBMLAWITEALED L 5T
bofoo EBELEYIIHEFETE - THO TR L 5 &
RTC, BIimmBToLD (BL% 0.6 mm Bif) 2%
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<« Notch root

Photo. 4 Typical photograph of intermetallic compounds. x50

(a) Specimen No. 3835 .
Height of puls-echo:
9 mm

(b) Specimen No. 7335 |
Height of puls-echo: |
6 mm :

Fig. 6 Typical samples of ultrasonic inspection results.

AETHHTIEL~2mm D & DIXEBH b ik o7 7
B, BERETEBELAWE B Lic b OX T BIETHE

Uiz b DL &BHEI LS E b T2 OBRIM AT i - T
72D S % -7,

Fig. 6 i@mEEERE TR Lic&Bitehox 2
~Ev o 1#H & LT Photo. 1 & Li-8E A No. 3835 %
L OTB6ED N ERT, Fig. 7 ikt &BH LAY OlE
e D, HEhc T o ~Bvyhk & o THEBOBRELRT,
SBMLAMOEE AR, LIRSS & A—gBH
L Thta By BB HEENRE DT Fig.7a ik
Ta—-E\YORAEWEE, Fig.7h WAREWAR L - TE
NENEGR Uiz, &BE{EEMOBAREWIET 1 ~F
Y HRE L mABERTE & O, BENDHIELEET DO
EAR Y DREEA D 2 L0V B,

2.0
ol a) { For the smaller height of puls-echo
when inspected from left or right
1.6 () of each intermetallic compounds
° lying equally 230mm from both
surface.
1.2 TS
°§
0.8}
E P %Bo go o
= 090 ° > L
c 04
3 o3 &0
o
£
8
T T
£ 24— T
% b) | For the larger height of puls-echo
E when inspected from left or right
220 of each intermetallic compounds
= ° lying equally 230mm from both
© surface.
= 1.6 (]
e
* / +
1.2 A 5
A2 5le 1 °
. oo o ° o
o 2788 % 8 //
0.4 880
o
0

0 4 8 12 16 20 24 28 32 36
Height of puls-echo, mm

Fig. 7 The relations between height of puls-echo
and width of intermetallic compounds.

32 £BBILehE b ORBREOBERMHE

5 laRMEE L Table 4 wird, &BRULEY DS HE%R
BB Ui W CREET Uin413 Table 2 o R Lz @abt & R
BEOSERYEY b2/ TREAEB U THEE L2Ealk
BHRE, (P L HEEH LD BEV,

33 By RE

3:3-1 EEHTEL U UZG KRB DR 5RE

S-Ngh#id Fig. 8 iwir L, A#EEBIC R 55758
Eid Table 5 Wiy o FRHARN OARBAUIFHO LD
LALTHZD, DL, ZORDERRASMAIDT,
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Table 4 Tensile properties of specimens having the intermetallic compounds.

! Height of puls-echo of ultrasonic Width of Tensile properties?,®
Mark inspection intermetallic — Visld Strenath - —
p compounds, Elastic 11r£11t, (O.Zap’offseg) Tensile streqngth, Elongation,

AD A'D mm kg/mm? k&/mmg ' kg/mm? %

185-1 5 5 0.9 50.3 57.9 64.44> 10

254-2 7 5 1.3 43.2 52.2 59.9 9

254-6 10 14 0.6 42.3 50.9 55.9 4

383-3 7 4 0.9 47.8 56.8 63.14> 1n

515-1 12 7 1.4 39.3 53.0 59.1 7

607-1 10 12 0.4 47.9 58.0 63.24) 1n

1) Distance from the intermetaliic compounds is 230 mm and the values show the height of puls-echo when inspected from left or

right of the intermetallic compounds.

2) Specimen size: FED. TEST. METHOD, No. 151, F2 Thickness: 3mm, width: 12.7mm, gauge length: 50mm.
3) The intermetallic compounds are located on the center of specimen
4) The broken location was not at the defective part but at the undefective part.

Table 5 Fatigue strengths of non-defective specimens. 76 \ T
- - ! OW lLongitudinally specimen,
\ Cycles Fatigue strength, kg/mm? 48 v,\ polished using emery paper.
Specimen 102 t 108 ] 104 i 108 l 108 ' 107 50 Y @ Longitudinally specimen,
Unnotched (76.1) | 58.0 | 38.5 | 24.0 | 17.3 | 14.8 slectropolished.
U-notched — 46.8 29.7 15.0 8.2 6.2 52 L \ /\ Transversely specimen,
e fontar pp | — | 124 | 10 [ 100 | 21 [ 20 | % N polished using emery poper:
= 44 B T T
ZOIBICEEES 104~100 DESRESMREETE . N o
2T %o 5 X |

~ = =1 5] O My, - S A §

THRRBRK OREEH 107 1 3513 5 5 S 148 2% \% ® |
ke/mm?, GIRREAE 6.2k mm? D% b, TR 2 2 B B
BH ORI L BIOINC RESREOEIFA LRETD e |
Y. BEOAERSITHIEDS-NfR e L {—E L, ]
= DIEFED - T T075-T 6 FMHHHECDONT ANFRES 570110 100 0t 10° 10° 107 108
KA AW TITo e BRER E L <—HEL TR, L Cycles to failure

- Fig. - - i i
3. @ﬁ%{)ﬁ@ﬁﬁ‘ (ar 3.2) THEEAERY O v pe] ig. 8 S-N curves of non-defective specimens.
76
S5 Tnhy DER., BEMEDL 22 4 ) —FEBEK 410 # \ Longitudinally spscimen
- ) o 68 O Ppolished non-defective
LOMIC SEHIREDENLNL H ThH D, HIFEOERR N ° specimen.

P e e Polished specimen ha |
EHEED S-N MEBICIHE B Lic, MERERETEL Al than T wids ntormetellic
FrZ LWL o TN TR X N RE DB LB 2k E \ compounds on its cenfer.

P . 52 /\ Polished specimen having
B, BEI D LESEEIMECDOTIZ WA EEZ T - intermetallic compounds of
I g 1~2mm wide on its center.
ot RBERIZOL I Blnhotzs £ 44 </ Electropolished specimen
B 2 ° having less than 1mm wide
3.3.2 Bl ~2mmoE&BrSEE bR O ER 5 36—t intermetallic compounds near
T o5t § circular edge.
&ﬁQ%ﬁgﬁfg 5 28 In
(o]

S-Nghfgiz Fig. 9 iR L, &R EEHC BT 25758 N S

F£i3 Table 6 (2774, 20 %5\\ I
2 /453 N . ~ ' ) — Ly i

&EMILADOBENELNAOFIg S LB L5 12 - L% 1
CREEEH 104 BUETaH Y, AEEER 107 OESRmE 4 ~
3.4 kg/mmz T TREMDMEL D & 43.3% ET Lo 5x10110% 10® C]o;i f]0!!5 10° 107 102

doke " - e . e ycles to failure
W o iobic, Bk TR /-iE 0.6 mm BE DK% b0 Fig. 9 S-N curves of unnotched specimens.
Table 6 Fatigue strengths of unnotched specimens having the intermetallic compounds.

Direc’c.ion of Intermetallic compounds Fatigue.strength, kg/mm?2 Reduction of fatigue strength, %

. Vim Position 0| 10 05 | 100 wr | w0 | o1 |0 00 | 107

(Longitudinally) | (=) | (Non) | Gy | @5 | ) | 2 | u® | @ | © | o ® | o

(Longftud%nally) (<D (Center) (58.0) (38.2) | (23.8) (15.3) (13.1 )] 0.8 0.8) (11.5) (11.5)

Loungitudinally 1~2 Center - — 21.0 11.6 8.4 — — 12.5 32.9 43.3
Longitudinally <1 Near circular edge — 38.1 18.2 9.7 7.6 — 1.1 24.2 43.9 48:7
Longitudinalliy® — Non — — 25.5 18.2 15.7 — — —6.2 —~5.2 -6.1
Longituﬁinallyl) <1 Near circular edge — — 22.4 13.6 10.5 e - 6:7 21:4 22:1

1) The specimen with filleted-edge.
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Ba oS- Nh#iar O 5550 & Fig. 9 X 0¢ Table 6
O TR L2, £ 0MsERSE 107 ofFsmEEis 13.1
kg/mm? Th 5, SBMLEHOMEAIKZ AT HEN
ESREA b Dbl Th b ZDHELHILLRIEDNT
DEENSLREZZEMTH A5, &BMEEHEHETLE LT
AT % & £BELEWAVNE R EEHER E b K ¥
W, BBETHL, EHRENMESRoTULMDBRETHD
MEDL ORI bithotz,

3.3.3 1@ 1 mmLlT 0 &BE A YE RO < 1K b
SEVBERER DRSS R

S-Neh#iaikeo Fig.9 & Fig. 10 @R L., &#EEE
BT ki AESHE L Table 6 TR Ui,

MR H0TDE YR 7.6 kg/mm2Th b, BIRD
RRICH HHAE LD b 5.5kg/mm? (3 EEWER D L
kﬁoT\ﬁ%%mé%ﬂ%ﬁmﬁd<mﬁofﬁ%%§
WBEL Db TH D, ZoEMIE J.L. Waisman 5}
EBR L5 08, ZoFRESRBER» D ORRKE
FEREECER L THS L OREDESIFOEEN
KHVBbNINZ WD, REROFEBRTIEINE I
LT, #BE45 L, MEOHSIT Y vALAD
BU&EE D, LicioT, &BEMLS S MmE LD
B EFOYRERNRMEINTIOL § IEWEIHE
EELONSENG G, COFEZ L VIREAEEYD Lic
BDRFREA RDIAERIEOEDL 5 Th o1z,

&b OBEEH 107 OFESREIE 16.7kg/mm? TH
h., &BMEtamE Lo boDFiuk 10.5kg/mm? TH
STHMEAERD LAWEE L D A E2NFh 0.9 3L U2.9
kg/mm? (X @ Lico MWD T5H2 LKL - THIER
BEETF R T2 0EFBEEE T L Uicbd Th %,
DR RITBIROHE LY EMNT B LI, &EM(LAHHR
WREICIEWELBIC S AEERTEE D 2 T2 LR 1 L5 2
&_%% b'Clz\J: 50

334 &EM{LamE L oURERERF OFEFHRE
S-Nghgiz Fig. 11~12 @R L, A8EERCRT5
sy Table 7T 1R
&BEM(LAMOPEIBEDLND O Fig 11 LUl
BSND L 5 IR R O34 & R R R % 102 1]
FThb, Link, &BEMLEWADRE,LSEENTAS
EATESRMEDETIVEA Y RZT S it b T/
B, BB O RICEBREILAMNS DA, BEE B
Pk &BELA WA b0 bDOH IS L ) ETF

Stress, kg/mm?

(70)
38
34 \X\
Longitudinally polished spacimen
30 —-¥¥\
N
NN
26
L \\o\
22 A
IR ol
e Nelocy;
7%, e
18 1 oy, ecimgy,
14 f %}\L R
e
n;‘,%\l\
® cOm?~~___"
10 Ounds HT=E
|
6 |
104 108 10° 107 5% 10"
Cycles to failure
Fig. 10 S-N curves of unnotched specimens with
filleted-edge.
72
Longitudinally cpacimen
64 Theoretical stress concentration 2.6
(O Non-defective specimen.
\ @ Specimen having less than 1mm
56 \ wide intermetallic compcunds on
\ its center.
48 /\ Specimen having same kind of
intermetallic compounds near the
o 0 notch root,
E A
® Sy
o N
¢ AN
no 24 x
16
8 ) %
0

5X10%10% 108 104 108 10° 107 10°

Cycles to failure

Fig. 11 S-N curves of U-notched specimens.

BNEE L OX 5 Th BN, MEMCEERRNLDEH
MUTERZANA D, Fio, GIREHD 2 ~3mmEEh
tefr B BRIt HEA K E R 107 st
X0 LR EFIBRBERNEFBEY 0L 5 TH S,
LinL., ORI E&BHELEmRS 5 L, Figl2inb
N5 LS ICEFSREZ EROBE I AR VET L,
@IE A 107 OEFHME RSBt HOIE 1 mmblT O
b, 7 U < B, RBAOIE 1~2 mm DOFEROIE <
fEaht L FNFN45.2%, 30.7% ¥ XU 2T4%13 L&
B b, 181 mm bl TFoE&BHLamE bORH & FIR
HHEiGT 5 L. BIEOSBMLAMITROFRIH LT

Table 7 Fatigue strengths of U-notched specimens having the intermetallic compounds.

Direction of Intermetallic compounds Fatigue strength, kg/mm? Reduction of fatigue strength, %

specimen Wrindrgh, Position 108 ‘ 104 I 105 i 100 1 107 109 ) 104 1 105 ‘ 108 107
(Longitudinally) | | Now [ wew | @n | w0 | en | 60| ©® | © | ® © 0
Longitudinally <1 Center 48.3 30.8 15.0 8.5 6.2 —3.2 -3.7 0 —-3.7 0
Longitudinally <1 |Near the notch root 46.8 29.7 15.0 8.0 5.6 0 0 0 2.5 9.7
Longitudinally <1 Notch root - 29.3 12.9 5.9 3.4 —_ 1.3 14.0 28.1 45.2
Transversely <1 Notch root - 31.0 12.9 5.7 4.3 — —4.4 14.0 30.5 30.7
Longitudinally 1~2 Notch root — 29.7 13.5 6.6 4.5 — 0 10.0 19.5 727.4

— 8
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(719 BHT M=y K GETOTEOEIRENT & JUF T RIS
HHEIC B0, BEOSBMLAYIL T OHRICE > T 52 :
OTBOTESHED Y VO L—BT BrblEL B T ey oentotine
D EEERE A b0 TR\ A& # 2 Tl e, FR “ AL 1] @ tonatrusinatty specimen having
HRIIETh ofco Fio, SBMLAHORE L ~2mmo ;“2 T s than e wide imermetalc
LODESMEI ML D LEIRADECD LTEREE N Tl ||/ Teansversely spacimen hoving
DERERNLLD EENTH o7, LU, Figl2iiix E 28 LU | ZZ:Z:ui:js.Of infermetatiic
LieRBRHLARY b OERRNORRAIE | kg/met o ‘ T e
BEOS-NEBOFC FEND L) THHML, #EEA € 2 W |~ 2mm wide of its notch roof.
B0 DS e FORMAE & o Tdkg/mm? BE &5 16 Ul
AL L EOBATHT HEFREOE TR LE 121 NS
85%172 %o 8 S

3.35 MILGIRRERF OREIFRE . I 8

S-Nghigix Fig. 13~14 @R L., SEERKCRIT S 5x10% 10 10° 10° 107 10
ﬁ%gﬁ}g@i Table 8 K—ﬁifo Cycles to failure .

4R [EH 107 DRESSERE I TLAENE SR < 7 BB Fig. 12 S-N curves of U-notched specimens.
Lo, BEEImme OEAIEY Imm < 18.9%, HiF  MtahsrERrof R OB EE 1 mme, Y

T5HEL30.4% 13 EBEMOEFRE LD HELS, EE2
mmeo DOBATEY 1mm T5.4%, 2mm T11.5%,
BET5H L 324%1F KIEWEE TIEIR Uic,

DL E o SEER KSR A BRI 0N 3. 8. 2 TH TR~ - &ERL
Ak b O IBER T OEFEE LI L ThH L D, 1R0.6
mmEE D& BEM(LEYE I & ORER T DT
18.1kg/mm? TH H, KRR KT HERE 1 mme, FEv
Imm OHERFDEFBEL YV AETEVEL > T,
Lind, B2 5 &R ERBOERNEEOE TR
M e SEULERAY LD Lo T ZOREDEE

38
i The calculation of stress was
54 performed assuming tnat there
\\ is no notch on tho specimsn.
30} *%
R
o 26 i\
E \ h‘\o
5 22 <
-~ N
£ 1s IR Y
2 N T o
5 A \\0\ }\O‘o\uii_gb
14 ~ ot Spbeih -0
NN ° \ﬁﬂlﬁ__fl
ATE =L 1] L hlotched
10 Specinten u——"-—k o
i | l
Q_ ]
6 | I L
10t 10" 0° 107 5%107

Cycles to failure

Fig. 13 S-N curves of 1 mm dia. hole-type notched
specimens.

Stress, kg/mm?

1mm o Cavity 2% 540 & UTFMLTh X2

nA 50
DX, E1~2mmoEEHE SR RERF ORI
5 BHAOEHHRE 8.4 kg/mm?TH D, HE 2 mme

DIARERAICHDEHE LD Mﬁjﬁifi‘/ﬁﬁb\ IR
W Utz & BRI L A O R v BRI R LtJ\ 9T HigRYER W

LD TH ol LEIORDOEE bRy #E 2 TRR L
RETHDMN, TOL I RKRRTERLS TH olce LT

MoT, ZOBREOEBMLAY S ERE 2mmen Cavity
Y UTEET A0EEE LS WL 5 THhH, @B LS

38} -
i The caleuvlation of stress was
34 : porformed assuming that there
\& is no notch nn the specimen.
30 <P T
R
26 N H-
\A\- o
2 g1 .
XNKB 1
18 — \3\7 U””Ofched/ .
He, [o] B
o NN 1]
LT3 Lo T L
14 e Cimgn Tt ;
Spon:
pac'mo,, EV L) & Notched
10 T
t
10¢ ns 10° 107 5%x107

Cycles to failure

Fig. 14 S-N curves of 2 mm dia. hole-type notched

specimens.
Table 8 Fatigue strengths of hole-type notched specimens.
Mark Hole Fatigue strength, kg/mm? Reduction of fatigue strength, %
arg
Dia. Depth 5 5
e } o 10 | 108 | 107 10 100 } 107
Unnotched - | - 2.0 | 173 14.8 0 o | 0
A 1 1 24.0 14.8 12.0 0 16.8 18.9
B 1 3 19.7 11.7 10.38 17.9 32.3 30.4
c 2 1 22.0 15.5 14.0 8.3 10.4 5.4
D 2 2 21.1 14.5 13.1 12.1 16.2 1.5
E 2 3 19.9 12.6 10.0 17.1 27.1 32.4
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MOMMOIAR, Tilkb, FOWCRT HEHEFRORE
TOWTEBICHETT20ERSA 5,

ik, B2 UBRBRF L AHEOERE 1 mme DN
LORBBRF LEAL ar THBHA, §IFEOTIMEWES
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D. &BMLaHOEE B b OigE R 104 1
ETH B,
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DFEFRETBEEM LD b 48.83 %E Vs LizhioT, 1§
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3. &BEMIAMIBERE OBMEDOR T AELSTF
DB DR RIZE HHE LD LESHE NI DEL
B, WMEAERD TH5Z Lo TEDETRSD 5
BB Z ENTE B,

4). PIREDH S SBRCADIEEN TV B HAIE5H
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BIREE W ES $ Do

5). EEB A g 0.6 mm BED KIS HEAILE
#Z1mme, FEy 1mm o Cavity & LTIM LT HeEw
2R\

X it

1) B, N AREE, 2 (1961), 216.

2) L.E. Steels, D.L.W. Collins : J. Inst. Metals, 88 (1960),
260.

3) R.E. Peterson : Stress Concentration Design Factor,
(1953).

4) R.B. Heywood : Design.by Photo-Elasticity, (1952).

5) B, iyl AREE, 1 (1960), 235.

6) J. L. Waisman, L. Soffa, P.W. Kloeris, C.S. Yen :
Nondestractive Test. 16 (1958), 477.

— 10 —



P

51
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol. 3 No. 1 JAN., 1962

KB HWE OB EITD T



TR

24,
e XX
THHIBIHI R

KE A

DO BEIT DWW T

H

Corrosion of Copper Water Pipe

by Reizi Tanaka

From ancient time the use of copper pipe for water supply has been recognized its

practicality and used widely in Europe and America.
been studied prosperously at about 1933 year.

In Japan pipe manufacturer has
Therefore some work for the copper water

pipe is available, but the study is imperfect especially for dissolved copper in water and

recently discussed from the point of hygienic view.

In this report some conditions af-

fected to copper dissolution were discussed and the following results were obtained.
(1) Copper is dissolved at first in tap water, and the second dissolved copper
decreases suddenly. Experiment has revealed that the mechanism of copper decrease

consists in the reaction, Cu-+Cutt

—>Cu?, and Cu** in water deposits on the tube.

(2) Remained chlorine is that higher that dissolved copper is more, but copper is
not dissolved so much up to 1 ppm of chlorine.
Effect of carbon dioxide is very weak compared with chlorine.

(3) Effect of temperature is considerably complicated, and of course high temper-
ature leads high corrosion, but dissolved copper is often lower in higher temperature than

ordinary temperature.

At the high temperature above dissolution deposition is accerated, therefore dissolved

copper decreases in a few hours.

(4) If there is more salt, maximum dissolution is higher, and the phenomena of

dissolution and deposition are as same.

However, deposition reaction with trace salt is very slow, and dissolved copper reaches to
maximum state after 24-48 hours, then considerably copper has been dissolved.

(5) Surface condition of copper is complicate too, and dissolution rate is low principly
with oxidized surface. Where deposition reaction is slow or disturbed, dissolved copper

reaches to maximum state for long hours.

Therefore when the staying time is long with

oxidized surface, dissolved copper is very much.

As the tin plating methed, chemical dipping is unprofitable, and is required electrical
plating or hot dipping. And oxidation of tin with perchromate is very effective for cor-

rosion resistance of tin.
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Fig. 1 Dissolved copper in water contained chlorine.
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Fig. 2 Dissolved copper in water contained carbon dioxide.
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Fig. 3 Dissolved copper with various dipping time in
chlorine solution.
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#Clg: 0.4 ppm and COgz: 4.7 ppm
Fig. 4 Dissolved copper with various dipping time in
carbon dioxide solution.
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Table 1 Effect of surface oxidation of plate.

Dissolved copper, ppm
Water - Ty
Specimen | Polishing Red Dark brown
No. surface colour colour

| 0.75 0.35 0.26

2 0.75 0.59 0.37

Tap water 3 0.57 0.37 0.34

4 0.52 0.52 0.46

5 0.72 0.90 0.32

Average 0.66 0.55 0.35

1 1,13 0.75 0.52

Added 2/ 0.99 1.13 0.39

NaHCO,: 19ppm 3/ 1.51 0,94 0.44

_ 4’ 1.04 0.97 0.44

Cl: 4.26ppm 5 0.86 0.80 0.47

Average 1.11 0.92 0.45

" Each dipping: 24h.
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Fig. 5 Dissolved copper against various water
temperature, where dipping time is 24h.
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Fig. 6 Dissolved copper against various water temperature
with flowing water.
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Table 2 Effect of oxidation of pipe.
1 Surface condition Cu dissolved, ppm
New pipe 0.04 0.04 0.15 0.03 0.09
Slight oxidizing 0.20 0.11 0.18 0.29 0.20
Red colour 0.59 0.40 0.44 0.40 0.55
Red brown colour | 0.65 0.60 0.65 0.77 0.55

Each dipping : 24h in tap water
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Fig. 7 Polarization curve with various surface condition.
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*Activated surface by acid washing

Fig. 8 Effect of water temperature and surface condition.
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Fig. 10 Staying time on dissolved copper with buried
pipe, where the tap has been used frequently.
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This tap was used only once or twice per day.

Fig. 11 Staying time on dissolved copper with buried pipe,

where the tap has been used a little or no.
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Table 3 Analysis of water.

| Relati i
elative Total s Evaporation - -

Ve M-Alkality, i Free Cl,, Cl-, S04, COs,

Water pH conductivity, hardness, residue,
P ppm ppm ppm ppm ppm ppm pPpm
Pure water 6.6 1.3 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Tap water 6.4 68.2 11.5 8.5 73 0.4 3.8 12.1 4.7
Industrial water 6.5 146.4 33.9 14.5 110 0.0 10.7 41.0 9.2

Source of water—Tap water: Kiso river

1.0 \
| é
1O : Industrial water
§:0‘5 ‘Q : Tap wate‘r
E i
© : Top water - pure water
Y : Pure water
O i 1 L T
0 3 30 36 42 48

Time, h

Fig. 12 Dissolved copper with various water, where main
difference is conductivity or salt content.
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Fig. 183 Corrosion current and electrode potential
against staying time of water.
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Photo.1 Copper water pipe at old town Herculeneum, Italy,
buaried by eruption of volcano about 1800 years ago.

Photo. 2 Copper water pipe buried in 1882, at
Dresden, German.
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BThhH, 2Dkl Hic 1EL 248k & Hk#30
SOWKERBE LU CHT Lich D Th b, KiERIT L 5 &
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Table 4 Metal dissolved in tap water with
copper, iron and lead pipe.

Water Dissolved metal, ppm
Eirgnp- ﬁ:{ﬁ?g: Copper pipe Iron pipe Lead pipe
°C Staying | Flow [Staying| Flow | Staying Flow
water | water | water | water water water
1 20.8 0.53 0.02 24.0 4.0 0.65 0.29
2 19.5 0.66 0.06 24.0 4.0 0.62 0.04
3 19.5 0.47 0.02 19.0 6.0 0.76 0.08
4 18.0 0.61 0.05 25.0 6.0 0.78 0.04
5 20.5 0.73 0.02 25.0 2.0 0.88 0.01
6 18.5 0.73 0.04 20.0 6.0 0.92 0.01
7 19.3 0.64 0.03 21.0 6.0 1.01 0.01
8 19.0 0.46 0.03 19.6 3.9 0.30 0.02
9 18.8 0.67 0.02 19.6 5.9 1.50 0.06
10 19.0 0.82 0.05 33.9 11.6 1.19 0.21

Each pipe is 13mm¢ inside and 10m length.
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Table 5 Effect of plating method on copper

dissolution.
. L Cu dissolved, ppm
Plating method Spsl\cilmen Dlpgu}g (Each dipping; 24h)
o. condition 1 day i 2 day ! 7 day
1 0 0 0.13
Repose 0 0.06 0.85
Chemical plating 3 0.04 0.58 1.33
with KCN bath 1’ 0 0.08 1.59
27 Stirring 0 0.39 2.14
37 0.03 1.56 3.22
4 0.04 0.78 1.88
Chemical plating 5 Repose 1.44 1.53 2.19
X 6 2.21 2.18 2.33
with thiourea |— -
/’
bath 4 o 2.77 3.04 4.02
5 Stirring 3.12 3.36 4.11
67 3.51 4.03 4.68
7 0 0 0
8 Reposa i} 0 0
9 0 0 0
Electric plating* |- ) —
7’ 0 0 0
3’ Stirring 0.02 0.03 0.05
9’ 0 i 0 0
Copper water ] i
A | 10 | Repose | 0.06 | 011 | 0.9

*No. 7,8,7/,8/ are special chemical platings basad on galvanic
method.
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{BHEXEAEAND By Ty 7 YIETHE—EICA v X8
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Table 6 Potential vs saturated calomel

electrode.
Solution ‘ Cu, volt ; Sn, volt
HCl (1+D —0.397 ~0.650
(1-+100) —0.072 -0.456
NaOH 10 —0.472 (—0.82)
0.1% —0.304 (—0.79)
NaCl 109 --0.268 —0.458
0.1% —0.150 —0.411
KCNS 102 ~0.514 ~0.558
0.1% —0.308 —0.,578
KCN 109% —1.405 —1.010
0.197 -1.065 —0.745
CS(NH2) 10% —0.803 —0.580
0.1% —(.395 —0.,580
Tap water | —0.013 | 0,375
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Table 7 Effect of oxidation of plated tin.

Sn dissolved, ppm

Surface Specimen (Each dipping; 2%4h)
condition No. 1 day 2 day E 7 day
1 4.5 3.9 4.6
Sn 2 0.3 0.3 0.8
. 3 2.2 2.5 3.3
plating 4 0.1 0.2 06
5 | 5.8 6.1 6.9
1 0.02 0.02 0.03
Oxidized 2’ 0.03 0.03 0.03
3’ 0.11 0.15 0.14
with KeCrz0; ¢ 0.05 0.06 0.06
5 0.01 0.01 0.02
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Fig. 14 Dissolved copper with instantaneous gas
hot water apparatus.
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Table 8 Colouration with dissolved copper

and iron.
Colouration Copper Iron

Tap P - Descaled by acid

No. 13%1—632[;(1 15?‘”2”,?(1 g%:‘;“ D;E%;zﬁ Cs%gtgg ?r:::gég:r({ Photo.4 Outside surface of corroded copper water tube.
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