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Corrosion of Condenser Tube with Polluted Water
(Rep. 3)

Some Investigation for Corrosion Factor

by Reizi Tanaka

As a part of investigation concerned with corrosion of condenser tubes using polluted
water, corrosion rate of tube material at laboratory condition and propagation of sulfate
reducing bacteria closely conected with corrosion problem have been examined.

The experiments have led to the following conclusion, although the mechanism of

corrosion has been obscure.

(1) Sulfide have been often anticorrosive for aluminum brass in immersion test.
As a condition of corrosion with trace hydrogen sulfide, existence of ferrous sulfide has

been experienced.

High corrosion rate has been obtained with Cystine or Cysteine in coexistence with
sulfate, and sometimes at the decomposition process of organic substance.

(2) In water flow test, above sulfide, Cystine or Cysteine, and organic substance have been
affected and further sulfate reducing bacteria too.

(3) Sulfide action has not been observed with almost no oxygen, and the action of sulfate

(4)

(5)
(6)

(73
(8)

reducing bacteria have same tendency.

Corrosion in mud of sea and river bed or in salt water contained the mud have been
obscure, but in the latter test sometimes high corrosion rate have been observed with
the mud which sampled at poiluted regions.

The experiments for the propagation condition of sulfate reducing bacteria have led to
the following conclusion.

Neutral solution have been best condition for the bacterial growth, but have a tendency
to accmmodate to the circumstance and increase at pH 5.5-9.5.

The bacteria have been propagated at temperature 10-70°C, which may be for the
mixture of normal bacteria (30°C is the best condition) and heat resisting bacteria
(50-60°C is the best condition).

By the study for single separation with some conditions, four different bacteria have
been obtained, which obscure different kind or mutation.

Experiments for added elements on bacteria culture have been indicated that Hg+*, Ag*
and Cd** promote the growth and Cut**, Co**, Zn*+, Mn*+* which have been known to

promote have almost none effect.
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Fig. 3 Immersion test in different solution. (c)
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on coexistence with sulfate.
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Table1 Corrosion in salt solution contained
sterilized sulfate reducing bacteria.

Corrosion rate, mg/dm?/day

Copper | Aluminum brass l Titanium

Salt solution contained

S. Desulfricans* 5.5 4.6 t 0.0
Sterilized at 9)°C 4.6 3.3 0.0
Sterilized at 120°C 3.8 3.0 0.0
Sterilized at 150°C 3.8 2.8 0.0

* Contained 50% culture fluid (M,P. N./m£ 1.5x10%)
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Fig. 15 Temperature on the growth of canal bacteria.
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Fig. 16 Temperature on the growth of single
separated bacteria.

Table 2 Different sulfate reducing bacteria
in Horikawa canal.

Number of bacteria (M. P. N/cc)
Jul. 6 1 Aug. 14
Water Mud l Water Mud
Normal river bac. 1,600 1.83x108 2,400 1.6x105
Normal sea bac. 5,400 2.4x108 5.400 3.5x 108
I};I:(it resisting river 0.2> 9.3 0.2> 33
fleat resisting sea 0.2> 3.3 0.45 49

Fig. 17 12 Z OB YERKE L OFEED FBIRH B O Bk
WIBRART, ZOBENDARDE, ZOEDNRIFY
AT ENED & DHe D T L DENT. FRENEKYE
DHDLEHEMED L DB Y, 4D 7 7 ) YHRELR
bo MIEAEIZHAKYE, HEEENE & S IBER D & 5 e ook sk
LSS, B A TR AUE S0°C D & X1 BT BRICERTT
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Fig. 17 Caltivating process of sulfate reducing bacteria.
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5 Five, boctero S OEBIEIC L Cla 0 /5 0% - THAT 5
4@ —— D€ Dacteria
\ 2]:) DELBNB,
120 e A RIERA T B Cd, Hg, Ag, 3108 KON ok
~ W DU LIRS 20 5 70 & BT (B HLBE & BT SR
\ KCN %5 1 0F 3CASO4-8H,0 130.1~1ppm-C 5 % HL -4
90— 1 3°. AgNOs, HgCloix 1 ppm THE LizAs, 0O.lppm T
VIFEEEERRFRD v o7z,
/ & F O — A b &0 BTN D AT o
60 : T o s g g
\\ 7eDT, DECEHBRAR A RE LIORETHERET > Th
) % T it Uiz MR ENEHN S0XISX Imm Dbk &
“ \ Ly~ — BB Lz D big3eiE 70ce dicimig L, 30°C
/ \ TR AT ol ZOfEHE Tabledizm L, 8. # F3i v
"\ A, TR, AL ECHEFE-RLD AX TArIi=y A
0o ' ° s W, TI= v, FA=Y A, B B B EIIE
4 5 - .
b 18 S‘It . 2 . * bactort L otoo HHE LCHRM L4, Cu, Zn 3o/ b
ig. alt resistance of normal bactoria. e N . . . o
EmEE CHEMREMNEN o7 2 &b, $7, R, M
: 1 2 EOERIGBRBRE TE LD L ODIEMANEL BN D,
0— River bacteria 7 ¥ IV AOBEZSARL LT, BO7 VI = v AT
@ Sea bacteria
Table 3 Effect of added elements on bacterial culture.
120
o] El Added [Added |El Added |[Added
m:nt Added as 10pgm 100pgm m:nt Added as lOpgm 100pgm
P Cu [CuS04-5H,0 3 12 P (NH¢)HPO4 3 3
% [\ Zn |ZnSO47H.0| 3 3 | V. |NH.VO, 5 1n
As |AS:0s 3 3 Cr |KCrz:04 5 11
Sb |SbCly 3 3 | ¢ [CTK(SO0z-| 4 3
Bi | NaBiO, 3 s | " 12H.0
Al | AICI,-6H=0 3 3 Co {CoS04:-7H.0O 3 3
60 Hg |HgClL y « | Ni |NiSO4-6H:0 3 3
Br |KBr 3 3
MnSO,-
Mn | o] 3 E DO S 3 3
Mn |KMnOg 3 5 || Ag |AgNO; X X
(NHy)g-M S: SnS0,4-2H,0 3 3
0= Mo 1024‘-‘2%‘1200 5 1 " 32(15044'
W |H.WO, 3 7 |¢d . % x
S /‘ Li |LiCl 3 3 | Ba |BaCl:-2H:0 3 3
Na |NaCi 3 3 | pp |Pb(CHsCQO) 4 3
. \ . lL__., . x |kct 3 5 2-3H,0
0 1 2 3 4 5 Fe |FeCly 3 4
. . L ) Be |BeS0-4H.O 3 3 Fe |FeCl, 3 3
Fig. 19 Salt resistance of heat resisting bacteria B |HsBOs 3 3 |l ca !CaCly-6H:0 3 3
SL,F | Na SiO; 3 3 || Mg |MESO . of 3 3
CN. |KCN X X In |InCl, 3 3
The number indicates the day for changing to black.
Table 4 Immersion of some metals and alloy
on bacterial culture.
Meztal or alloy The day for changing to black
Copper X
Aluminum brass 3
73:3) brass X
60:10 brass X
70:33 cupra nickel 4
Zink X
Nickel 3
Tin 3
Cadmium X
Steel 2
Heat resisting sea bacteria Heat resisting river bacteria 18-8 stainless steel 2
Photo. 2 Figure of difterent sulfate reducing ;f::;mum §
bacteria. x 1,000 Aluminum 3
Silver 3
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Continuous-Cooling-Transformation Diagrams of

Binary Titanium Alloys
by Tomo-o Sato, Yen-Chien Huang, and Shujiro Suzuki

An apparatus has been developed for thermal analysis of titanium alloys, and the
procedure of constructing Continuous-Cooling-Transformation Diagrams of their alloys are
described.

The temperature at which the transformation takes place during cooling from B phase
has been measured as a function of cooling rate. The time-temperature curves were recorded
with an aid of an electromagnetic oscillograph. The cooling rates of alloys were carefully con-
trolled and they varied from 1°C/sec to 3000°C/sec.

Based on the results of thermal analysis and structual indentification, more than 85 Con-
tinuous-Cooling-Transformation Diagrams of titanium alloys for binary systems;ie. Mo, V,
Nb, Fe, Mn, Cr, Co, Ni, Cu, Pb, Bi, Pt, Al, Sn and Zr, have been constructed in the present
work.

The effect of alloying element on the stability of super cooled B phase of titanium was
obtained by means of comparing the Upper-Critical-Cooling Velocity which can be reduced
from the resulted C.C.T. Diagrams of each alloy.

Alloying elements such as V, Cr, Mo, Nb, Pt, Co, Sn and Zr stabilize the super cooled
phase, but not elements such as Fe, Mn, Ni, Al, Cu, Bi, Pb, Ag.

The B—a’ start temperature of alloy also obtained from the resulted diagram and has
been measured as a function of the concentration of alloying elements. In most cases, the M
point decreases with an increase of the amount of alloying element except in the cases of Ag,

Pt, Al and Sn system.

The depressibility of the Mg points in these binary alloys is as follows:

Fe>Mn>Cr>Co>Ni>Mo>V>Cu>Bi>Pt>Pb>Nb>Zr>Ag>Sn>Al ..
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Fig.5 Schematic model of Continuous-Cooling-Transformation Diagram for B-isomorphous Alloy.
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Fig. 6 Schematic model of Continuous-Cooling-Transformation Diagram for B-eutectoid Alloy.
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Table 1 Chemical compositions, 8/a+8 points and
quenching temperatures of B-isomorphous

alloys.

System Alloy \ Alloying element 8/a+tB 8;:330}160
\ wt % at % v
TiMod 4.57 2.33 845 895
a2 | TiMob 6.85 3.54 825 875
Ti—Mo | TiMosg 8.37 4.36 815 865
TiMol0 11.62 6.1 785 835
Tive 1.59 1.36 860 902
Tiv4 2.97 2.79 840 890
i | Tive 6.47 6.04 790 860
TiV8 5.60 5.28 800 875
Tiv10 10.47 9.92 740 815
TiNb2 2% 1.04 871 921
TiNb4 4 2.1 856 906
13 | TiNb8 8* 4.29 829 879
Ti—Nb | TiNb15 15+ 8.34 775 825
TiNb20 20% 11.42 750 800
TiNb25 25+ 14.67 724 774

Table 2 Chemical composition, 8/a-+8 points and

quenching temperatures of B-eutectoid

* Nominal composition.

alloys.
s Eutec

System Alloy _M——_Alloymg elementﬂ '8/58'3’ te;"id Qgg&%}:
wto% |at% e °C
TiFel 1.00 0.8 | 865 590 912
(14 | TiFe3 2.86 2.46 | 825 590 872
Ti=Fe | pipes 4.8 4.20 | 787 590 838
TiFe? 7.00 6.05 | 750 500 505
(5 | TiMn2 2.0% 1.74 | 850 550 900
Ti=Mn | pinga3 3.0¢ 2.62 | 835 550 885
TiCrl 0.96 0.8 | 880 660 930
. as) | TiCr3 2.7 2.49 | 875 660 925
Ti=Cr | Ticrs 4.92 455 | 850 660 900
TiCr7 6.95 6.44 | 823 660 873
TiCol 1.0% 0.81 | 876 685 926
TiCo2 2.0% 1.63 | 854 685 904
TiCo3 3.0% 2.45 | 842 685 802
. an | TiCod 4.0% 3.27 | 820 685 870
Ti—=Co | Ticos 5.0% 4.0 | 707 685 847
TiCob 6.0% 493 | 685 824
TiCo? 7.0% 5.76 | 740 685 790
TiCo8 8.0 6.60 | 716 685 766
TiBil 1.52 0.35 | 880 840%* 940
TiBi3 3.62 0.85 | 868 725 918
_as) | TiBis 5.63 1.35 | 852 725 902
Ti—Bi | pigi7 8.06 1.97 | 830 725 880
TiBi10 10.04 2.49 | 815 725 865
TiBil5 14.48 3.74 | 780 725 830
TiPb2 1.89 0.44 | 880 865** 930
TiPbs 4.57 1.00 | 875 8497+ 925
(19 | TiPb10 7.54 1.85 | 865 817+ 915
Ti—Pb | pipp15 11.95 3.04 | 850 723 900
TiPh20 16.11 4.25 | 845 723 895
TiPb25 | 19.14 5.18 | 842 723 892
TiAg? 1.43 0.64 | 880 850 930
TiAgs 3.78 1.71 | 880 850+ 930
(@) | TiAg8 6.34 2.02 | 878 850%* 928
Ti—Ag | TiAgl0 8.30 3.8 | 875 8507 925
TiAgls | 11.90 5.04 | 860 850%* 910
TiAg20 | 16.66 8.15 | 860 850+ 910
TiPtl 1.0% 0.25 | 880 860%* 930
TiPte 2.0% 0.50 | 875 840 925
@1 | TiPt4 4.0% 1.01 | 875 840 925
Ti—Pt | 1iptg 6.0* 1.54 | 875 840 925
TiPts 8.0% 2.00 | 870 840 920
TiPt12 12.0¢ 3.23 — 840 890
TiNil 1.03 0.8¢ | 886 770 926
) | TiNi3 3.03 2.52 | 873 0 915
Ti—Ni TiNi5 4.82 3.98 846 770 882
TiNi7 7.10 5.00 | 830 770 880
TiCul 0.89 0.68 | 872 846%* 922
TiCu3 3.07 2.34 | 847 798 897
&) | Ticw 5.08 3.87 | 8% 798 875
TiCu? 7.26 5.57 | 807 708 857
TiCul0 10.00 7.74 | 860*** | 798 927

* Nominal composition, ** a/a+8, *** g/e-+X
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Table 3 Chemical compositions, 8/a+ 8 points and

quenching temperatures of a—terminal

Table 4 Chemical compositions, 8/a+ 8 points and

quenching temperatures of @a—f isomorphous

alloys. alloys.
Alloying element Quench. Alloying element ~ Quench.
System Alloy B/‘f,é'g’ “/‘38 8 | temp., System Alloy |—— = 7T Blats, “/D‘EFB’ temp.,
wt 9% at % °C wt % at 9% °C
TiAll 1.0¢ 1.7 | 902 896 952 TiZr10 10.0% 552 | 850 816 910
TiAl2 2.0% 3.5 919 907 969 TiZr30 30.0¢ | 18.38 | 775 695 825
o2 | TiaB 3.0 52 | 93 919 986 TiZr40 40.0* |25.93 | 700 635 750
TiAl4 4.0% 6.9 | 953 930 1003 i Tizeso 50.0 | 34.44 | 630 585 680
TiAl7 7.0% 11.8 | 1004 964 1054 TiZr60 60,0 | 44.06 | 600 545 650
H *
TiSn2 2.0 | 0.83 | 880 866 930 i‘?gg ggg* Zggg zgg Zzg ggg
TiSnd 3.85 1.59 | 870 857 920 1er : :
TiSné 5,50 2.29 | 865 853 915 * Nominal composition,
118 | Tisns 8.15 | 3.46 | 857 849 907
TiSn10 10.05 4.31 852 847 902
TiSnl5 14.79 6.54 | 845 845 895
TiSn18 17.28 7.77 | &5 846 905

* Nominal composition,
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Fig. 7 Continuous-Cooling-Transformation Diagram of Fig. 9 Continuous-Cooling-Transformation Diagram of
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Fig. 11 Continuous-Cooling-Transformation Diagram of
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Fgi. 13 Continuous-Cooling-Transformation Diagram of
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Fig. 19 Continuous-Cooling-Transformation
TiNbls Alloy.
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Fig. 20 Continuous-Cooling-Transformation
TiNb20 Alloy.
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Fig. 21 Continuous-Cooling-Transformation
TiNb25 Alloy.
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Fig. 22 Continuous-Cooling-Transformation
TiFel Alloy.
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Fig. 23 Continuous-Cooling-Transformation
TiFe3 Alloy.
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Fig. 24 Continuous-Cooling-Transformation
TiFeb Alloy.
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Fig. 30 Continuous-Cooling-Transformation
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TiCo3 Alloy.
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Fig. 35 Continuous-Cooling-Transformation Diagram of

TiCo4 Alloy.
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Fig. 36 Continuous-Cooling-Transformation Diagram of

TiCob Alloy.
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Fig. 37 Continuous-Cooling-Transformation
TiCo6 Alloy.
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Fig. 38 Continuous-Cooling-Transformation
TiCo7 Alloy.

Diagram of

Fig. 39 Continuous-Cooling-Transformation Diagram of
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Fig. 40 Continuous-Cooling-Transformation
TiBil Alloy.
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Fig. 43 Continuous-Cooling-Transformation
TiBi7 Alloy.
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Fig. 44 Continuous-Cooling-Transformation Diagram of
TiBil0 Alloy.
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Fig. 45 Continuous-Cooling-Transformation Diagram of

TiBil5 Alloy.

TiPb2 [ [ 27«3 880 |
P00 SRR “:'.g‘?:*g‘ *—:—QS.%:L «’at3 865
800 LOSRN T/ E PR AT | et
0 Ms 8127, N ——
B TN 330 TN 5]
g /oo 1800 1\ ool W21
5 1570777550 994~ 58
e 285
R
500
400
003 ol ] . 10 30
Time, sec

Fig. 46 Continuous-Cooling-Transformation Diagram of
TiPb2 Alloy.
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Fig. 47 Continuous-Cooling-Transformation Diagram of
TiPb5 Alloy.
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Fig. 48 Continuous-Cooling-Transformation Diagram of

TiPbl0 Alloy.
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Fig. 49 Continuous-Cooling-Transformation Diagram of
TiPbl5 Alloy.
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Fig. 77 Continuous-Cooling-Transformation Diagram of

TiAl7 Alloy.
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Fig. 78 Continuous-Cooling-Transformation
TiSn2 Alloy.
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Fig. 79 Continuous-Cooling-Transformation Diagram of
TiSn4 Alloy.
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Fig. 80 Continuous-Cooling-Transformation
TiSn6 Alloy.
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Fig. 81 Continuous-Cooling-Transformation
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Fig. 84 Continuous-Cooling-Transformation
TiSn18 Alloy.
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Fig. 85 Continuous-Cooling-Transformation
Tizr10 Alloy.
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Fig. 86 Continuous-Cooling-Transformation Diagram of
TiZr30 Alloy.
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Fig. 87 Continuous-Cooling-Transformation
TiZr40 Alloy.
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Strain-induced Porosity in Pure Titanium

by Shajiro Suzuki

Investigation has been made on the strain-induced porosity of pure titanjum. The ex-
periments were conducted using the tensile specimens, and metallographic examination of

the deformed areas near longitudinal section of the fracture was the method of estimating

porosity in these specimens.
The results obtained were as follows.

(1) The degree of porosity for a given amount of strain was found to be greatly dependent
on the temperature at which deformation take place. Generally, the amount of porosity
increase with increasing temperature to a maximum between 100°C ~ 300°C.

The strain-rate had an effect on the severity of porosity. The specimen tested at

impact speeds had a little amount of the porosity near the fracture than the tensile

The strain-induced porosity appeared in the ductile material and the severity of the

porosity appeared to be directly related to the amount of the strain.

(2)

specimen tested at a slow strain rate.
(3)
(4)

effected on the severity of the porosity.
(5)

The porosity is related to the amount of impurity in the metal and especially, hydrogen

The grain size had an effect on the severity of porosity, and the specimen with fine

grain size had more amount of the porosity than the specimen with coarse grain size.
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Table 1 Chemical composition and hardness of

the specimens.

i Chemical composition,%
Specimen BHN
Fe\Si[chjo.H
Al Vac. Melted 0.05 0.01] 0.010; 0.006| 0.0550.0018] 107
A2 Ar. Melted 0.05 0.01] 0.010| 0.006 0.072,0.0053; 109
B1 Vac. Melted 0.15, 0.02 0.010] 0.009] 0.1340.0018]] 142
B2 Ar. Melted 0.151 0.02] 0.011, 0.009| 0.131/0.0081 150
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Photo. 1 Microstructure of the testing specimens. x50
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Photo. 2 Microstructure of the fracture region of the tensile specimens tested
at various temperatures and two different strain rate. x50
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Photo. 3 Microstructure of the fracture region of the tensile specimens tested
at various temperatures and two different strain rates. x50

Photo. 4 Various shapes of the strain induced porosity. x200
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Table 2 Summary of experimental results.

Strain rate 0.2% /min 1% / min
Temperature,
Specimer:\eclbndmon ‘c| RT.| 100 | 200 | 300 | 400 | 500 | 600 | RT. | 100 | 200 | 300 | 400 | 500 | 600
@ [ ]
Al Vac. Melted o] ®e| @ [ ] o ® [ . . . .
[ 23 [ X% O O [ ) . @ [ X3 © @ [ ° . (X
. @ o/ © Qe
A2 Ar. Melted . Se . . .| OO I ] N
o Qeo. Bo- ° . . . o. Do @0 . Do . .
° ] -9
B1 Vac. Melted o Qo.®0- . Se o-Heo .
Do o @eo. o . ‘| @o:| 6+ Q0 0@ - O
o . . e @0 ©
B2 Ar. Melted . 00.0 'Oo ° . . X3 .. [ ] . o
®. DO @O . G . . 0. DO, Se-. @O O
Note: Size of porosity Amount of porosity
o <15 e <5
® :15,~30. ®e .5~10
® : >30, *+® . >10(a lorge amount of porosity)
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Photo. 5 Microstructure of the fracture region
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Photo. 6 Microstructure of the fracture region of

the hydrogenized specimen. %50
(strain rate :0.2%/min.)
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Photo. 7 Micrographs show effect of grain size on
strain-induced porosity. (tested at 200°C)
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Application of the Quantometer for the Analysis of Copper

by Toshio Sawada

Spectrographic analysis is now practical use for the determination of impurities in copper

and copper rich alloys. Despite spectrography’s advantage in speed over chemical method, it still
did not produce a control analysis rapidly, and where large numbers of determinations are
required the use of direct reading equipment has many advantages as the metallurgical analysis
of aluminium alloys and steel. Experiments were carried out to study on the Quantometric
determination of impurities (iron, lead, phosphor etc.) and small additional elements (0.01 - 0.2
percent of nickel, arsenic, lead, phosphor) in copper and copper rich alloys by using ARL’s 1.5 m
Quantometer.

The obtained results were as follows
For determination of impurities in copper, it was necessary to used a D.C. arc discharge

Upper
electrode...positive, 90° pointed graphite rod. pre-arcing period...20 sec. Gap length...?)nll)m.
Working curves for iron, lead, phosphor, arsenic, tin were obtained successfully, and
analytical error from chemical determination was 4+0.005% for under 0.025% phosphor.
4-0.0039 for under 0.019 iron and +0.002% for under 0.008% lead by 70 determinations ot

Lower electrode...negative, 3mm dia. pin sample.

When using the low voltage spark discharge and low voltage are discharge, integrating
time was decreased by increasing the contents of phosphor, arsenic, and working curves
of phosphor, artenic could not be obtained by the difference of background intensity,

but when using the D.C. arc method, it was no effect of phosphor, arsenic on the integrating
time and satisfactory working curves were obtained and analytical error was +0.0031%

€))
(L=360uH, C=60pF, R=40 ohms) with following analytical conditions.
Arc current 6...ampers.
routine analysis.
@
arsenic, -+0.0069 for 0.045% lead in printing copper.
3

The determination of nickel (0.01 - 0.295) in printing copper was carried out with
point-to-plane method by using low voltage spark discharge (L=360pH, C=10uF, R=3
ohms). Satisfactory working curve was obtained with earch kind of metal by reason of
difference of integrating time due to phosphor, arsenic contents, and analytical error was

+0.0026% for 0.06 ~ 0.13% nickel.

1. &

i
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Table 1 Analytical line pair.

Element Waue-length, A Concentration range,%
Internal standard
Cu 3108.6 %spark cliischadrlgeé
nternal standar
Cu 2766.4 (arc discharge)
Fe 2739.5x2 0.005~0.1
Pb 2833.1x2 0.0005~0.1
Ni 3414.8 0.005~0.2
As 2349.8 0.005~0.2
P 25853.3 0.005~0.1
Sn 2840.0 0.005~0.1
Table 2 Excitation condition.
Case A B C
N . . Over
Discharge type Oscillating damped D.C. Arec.
Inductance, pH 360 360 360
Capacitance, pF 10 65 60
Resistance, 3 20 40
Electrode gap, mm 3 3 3
Out-put voltage, V 1000 1000
Out-put current, A 1.6 2.8 6
Sample polarity + - -
Counter-electrode 120° cone national special graphite carbon

SHTEBHCIE. (LEABE L CHEBES D NI RETHH
Bk o T. HETEROFENERTE D L HIZES
BOBYWE RICERICH D 0RESHT T EE & LTy
BETRAVWOTEERE A WD & Lic Ulce RN
Sl F R BB A W C 65 mmep X 200mm . o 47§54 %
ED, O, EfabhEL, 22T TEEREYR
E LTzo FlzZD—E% s, MM Tak L T6mme
Ok, EZiT LT3 mme O LT, EEse, ¢
vEROBUERB R JURBREB & Ui T RBROAHT
AR Fig L itk Uc &3S A SR L. AR OE S %
TRIOFRE A FEEI L CE B B, 2ROROE S % 3
mme X 15mm % L. & B\ NEF 0 % E Wik & st
ELUTEYEEE LTHNT Uiz ¥ BB OEEDR MY
DEREICIE RO TE TR RET B oD IR (1 +3),
KCUEH L, 72—V TEELTHNTDE LA Ui,

r—\._drg-Disk sample,
. 504 ’

L |

& Pin sample

eyl

Fig.1 Form of test piece.

[\

3. BERN—UFZORBRERLE KRS

FhEB4eft case A DIRE A /%~ 7 BT BEAME & MR+ oD
RO EEIITHEY CTh 5 8EBIBSRTb D 0.2 9% LITF
D=y rn, Frye— VRGO 01% BEDOeE, #
DEBICDWTRER Lice THBERMEZESDICA
7 bV ROBRIIREE & R & OBIRA AR A 4 &
UL T I WT &b ofod G Table2 o case A »
DIRBCEDNTEES R A HE Uiz & & A« O
HE ORI K X RENL BN, Tihbbiix~7s
P AREIE RN — B I D F CTORMAGE 5 & & THEN
DIRERERD D, 2T Table3 iR L& 5 ek
DOESERERPEMLL TS QA RS, =y rrvddh, v
DHEDBEL LTS QB QCRF, ¥ vy 2R’FE-THBHHK
FIDOEHER B A D EOBM & HETEOSHR & DRIR
HWRNIo FOMBEFIE 2R LALSIZY v, eEDS
BEMBBTEONTHEABMITEN KD, ZOMRILK
WERN E I olco = v 7 v b QB RFIOBERKTH U
AR LN Y v, CEOL S CHEBLES & &1kl
2HRBROENRL DD TH o7, Fig.2 0 TA RF|DOFELE
BEADL= v rVEFRIKIDBEIRLSTC, Vv, vk
DEEIBMLL, Vv, e RO v rA-~FI L
SR L OMRIBIEEOE & L& HET, Sy I 7
7Y FOBSENE > TL DORICRD D Z ERTELM

-720

Table 3 Chemical composition of copper rich alloys.

Chemical composition, %

Mark
No. Cu Ni l Pb | Fe ] As | P
QA 1| 99.64 | 0.148 | 0.190 | 0.002 0.017| —
2 | 997 | 0.00 | 0.126 | 0.003 0.07 | —
3| o073 | o073 | 0.076 | 0.002 0.115| —
4| 9071 | 0.063 | 0.057 | 0.002 0.166 | —
51 9970 | 0.030 | 0.018 | 0.003 0.240 | —
Q@B 1| 99.79 | o.27 | o0.07 | o0.002 0.006| —
2 | 99.70 | 0.084 | 0.048 | 0.002 0.100 | —
3| 9073 | o0.124 | 0.05 | 0.002 0.002| —
4| 99.75 | 0.117 | 0.028 | 0.002 0.094] —
Qc 1] 99.87 | 0.066 | 0.044 | 0.002 0.016| —
2 | 99.81 | 0.067 | 0.04 | 0.002 0.058| —
3| 99.77 | 0.066 | 0.045 | 0.002 0.107| —
4| 99.68 | 0.067 | 0.047 | 0.003 0105 | —
TA 1| 99.90 | o0.085 | 0.005 | 0.002 — 0.004
2 | 99.85 | 0.120 | 0.006 | 0.002 - 0.002
3| 99.81 | 0174 | 0.005 | 0.002 - 0.004
4| 9978 | 0.210 | 0.004 | 0.002 - 0.003
TP 1| 99.78 | o0.158 | 0.003 | 0.005 — 0.050
2 | 9971 | 0.161 | 0.003 | 0.004 - 0.118
3| 90.67 | 0.142 | 0.003 | 0.005 — 0.174
4| 90.76 | 0.8 | 0.008 | 0.005 — 0.064
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Fig. 3 Working curve for nickel in printing
copper by L.V.S. excitation.
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arsenic, lead in the L.V.A. excitation.
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Table 4 Reproducibility results of iron, phosphor, lead.

No. P, % Fe, % Pb, %
1 0.010 0.008 0.0042

2 0.008 0.007 0.0050

3 0.011 0.006 0.0045

4 0.009 0.010 0.0038

5 0.010 0.007 0.0040

6 0.011 0.007 0.0050

7 0.010 0.007 0.0060

8 0.011 0.008 0.0045

9 0.010 0.007 0.0052
10 0. 11 0.007 0.0050
Av. 0.010 0,007 0.0047%
std. dev.(s) £0.0010 £0,0011 +0.00065

Table 5 Results of determination of phosphor, iron,
lead in copper metal.

Sample P, % Fe, % Pb, %
No 1g.alc.al o |q.alc.al o la.alc.al a
1 0.017] 0.021] —0.004] 0.009| 0.006) -+0.003] 0.004] 0.003] -+0.001
2 0.011] 0.017, —0.006| 0.007 0.009| —0.002] 0.002 0.002] 0
3 0.012{ 0.015] ~0.003 0.007] 0.008| —0.001 0.001| 0.002 —0.001
4 0.022) 0.022 0 |0.011] 0.012) 0 | 0.008| 0.005 -0.001
5 | 0.018 0.024] —0.006 0.006] 0.005 +0.001] 0.002| 0.002 0
8 0.021| 0.026{ ~0.005| 0.009] 0.010| —0.001] 0.003] 0.003, 0
7 0.017] 0.023 ~0.006| 0.005 0.005 0 | 0.003 0.002 -+0.001
8 0.018] 0.016} +0.002 0.012] 0.012] 0 | 0.007) 0.005 -+0.002
9 0.019] 0.020 —0.001 0.008| 0.009 —0.001 0,003/ 0.005| —0.002
10 0.019 0.021] ~0.002 0.008 0.008 0 | 0.006 0.006) 0

Q.A=Quantometric analysis
C.A=Chemical analysis
A =Difference
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0.13%DeHET + 0.0026%, Y ik 0.02%DE&EEET
4+0.0045%., v ik 0.06% D& HEHRT £0.0031%., Hik
0.04% D eFHRKTE0.006%Th o720 EETHRE LT20%
R Y 13019, £:430.006%. £ 0.004% & 7s 5T, il
LT ORMBBOREET, LM & UTHRERERN
@%ﬂf:o

Table 6 Reproducibilty results of nickel, phosphor
arsenic, lead.

Difference among triplicate values, %
Element Ni Ni p* 1 As Pb
Excitation LV.S | D.C Arc | D.C Arc 11).(: Arc| D.C Arc
Concentration | 0.06~0.13 | 0.06~0.13 0.009~o.03} 0.06 0.05
1 0.004 0.011 0.002 | 0.009 0.013
2 0.004 0.006 0.003 0.005 0.007
3 0.003 0.007 0 | 0.009 0.005
4 0.003 0.013 0.005 | 0.018 0.004
5 0.011 0.007 0 | 0.012 0.019
6 0.012 0.016 0.003 | 0.015 0.007
7 0.002 0.007 0.003 | 0.003 0.003
8 0.009 0.007 0.001 0.002 0.011
9 0.001 0.006 0.004 | 0.005 0.007
10 0.010 0.006 0.001 0.007 0.009
11 0.005 0.022 0.002 | 0.010 0.006
12 0.001 0.011 0.003 | 0.004 0.016
13 0.008 0.017 0.002 | 0.006 0.010
14 0.001 0.018 0.002 0.010 0.009
15 0.002 0.003 0.001 0.007 0.012
Av.(R) 0.005% 0.0105 0.002¢ | 0,008 0.0092
std. dev.**(¢)| 0.0030 0.0062 0.0019 | 0.00d8 0.0054

* Difference between duplicate values.

## Standard deviation...R/d.
1/d2...0.8865 at duplicate values, 0.5907 at triplicate values.

Table 7 Results of determination of nickel, phosphor, arsenic, lead in printing copper.

Ni, % P, % As, % Pb, %
Sample

Q.A C.A A Q.A C.A A C.A C.A A Q.A C.A Fay
1 0.124 0.124 0 0.018 0.016 +0.002 0.057 0.060 —0.003 0.041 0.044 —0.003
2 0.134 0.133 +0.001 0.018 0.019 —0.001 0.061 0.062 —-0.001 0.042 0.047 0,005
3 0.136 0.134 +0.002 0.018 0.014 +0.004 0.061 0.059 +0.002 0.042 0.040 +0.002

4 0.131 0.134 —~0.003 0.020 0.020 0 0.065 0.062 +0.003 0.047 0.047 0
5 0.134 0.132 +0.002 0.030 0.025 +0.005 0.063 0.058 +0.005 0.039 0.041 —0.002
6 0.130 0.133 —0.003 0.020 0.024 —0.004 0.055 0.059 —~0.004 0.033 0.043 ~(.010
7 0.134 0.134 0 0.008 0.005 +0.003 0.059 0.057 +0.002 0.035 0.043 —0.008
8 0.074 0.070 +0.004 0.024 0.026 —0.002 0.056 0.059 —0.003 0.046 0.043 +0.003
9 0.068 0.070 —0.002 0.032 0.023 +0.009 0.060 0.059 +0.001 0.038 —0.005
10 0.063 0.060 +0.003 0.024 0.018 +0.006 0.064 0.059 +0.005 0.037 0.044 0.007
11 0.065 0.065 0 0.016 0.020 —0.004 0.068 0.064 +0.004 0.055 0.048 +0.007
12 0.063 0.065 —0.002 0.028 0.020 +0.008 0.064 0.063 +0.001 0.042 0.050 —0.008
13 0.070 0.066 +0.004 0.015 0.015 0 0.062 0.062 0 0.043 0.047 —0.004
14 0.066 0.065 +0.001 0.022 0.018 +0.004 0.001 0.062 —0.001 0.041 0.047 —0.006
15 0.068 0.065 +0.003 0.018 0.019 —0.001 0.056 0.063 +0.003 0.040 0.047 —0.007

Q.A=Quantometric analysis. C.A=Chemical analysis
A=Difference refers to the result of chemical analysis.
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Effect of The Calcium Addition on The Hot
Workability of Al-Zn-Mg-Cu Alloy

by Shiro Terai and Akira Takashima

To obtain better hot workability, the hot extruding quality, elevated temperature impact
compressibility and mechanical properties of Al-1.8% Mg - 5.59; Zn - 0.259% Cr alloy with or

without copper and 7075 alloy were studied.
The results obtained were as follows.

(1) The extruding speed of Al-1.5% Mg - 5.5% Zn - 0.25% Cr alloy with small amount of
copper was increased by the addition of small amount of calcium and the best result
was obtained by the 0.3-0.4% calcium addition in this study.

(2) The result of elevated temperature impact compressibility test was as same as that of
above described hot extruding one. The elevated temperature impact compressibility
of the test alloy containing copper changed for the better by the 0.3-0.4% calcium

addition.

(3) Mechanical properties of test alloy containing copper more than 0.8% were decreased
with the calcium addition, but those of containing copper less than 0.89; were not
affected by the small amount calcium addition.
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Table 1 Chemical composition of virgin metals and
mother alloys used in experiment.

Chemical composition, %

Fe| Si | zn | Mg | Mn |Cr|Ti| Cu | Pb | Cd |cal Al

99.75% 1 0.154] 0.064 0.012 0.004] 0.003 Tr|Tr| 0.008 —| — —Bal
99-991\‘;@ 0.001 0.007 — Bal | — — — ~ — o — —
9.98% | 0.004 — Bal| — — — — — 0.0080.002 — —
99-2%Ca L [ I L L U U 1
A0 007 0.0  — |~ — —{50.01] — — —Bal
A6% | o.ag 0200 — - —Ba2 - — - - —Bal
AT 040 01 | | 698 - -| - - - —lBal
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Table 2 Condition of casting.

Temperature of melting, C° 76020
Time of chlorination, min. 1

Temperature of casting, °C 72015
Temperature of metallic mold, °C 100+20

Table 3 Chemical composition of test specimens.

\Ingoiinalysis Chemical composition, %
e .

Alloy\Mark Cu [Mg | Zn | Cr {Mn | Fe | Si | Ca
Mg 1.8% | A | 0.04 1.7 5.47] 0.25 Tr| 0.10] 0.08 0
Zn o | B | 0.43 187 5.73 0.25 Tr| 0.11 0.06 0
Cu  0~I2% | C | 0.85 1.76 5.64 0.23 Tr| 0.11 0.07 0
@ o% | D | 121 1.5 5.64 0.26 Tr| 0.11 0.07 0
Mg 1.8% | E | 0.04 1.85 588 0.25 Tr| 0.11 0.06 0.16
Zo s | F | 045 1.7 558 0.25 Tr| 0.1 0.08 0.15
Cu  0~12% | G | 0.83 1.74 5.64 0.23 Tr| 0.10 0.06 0.18
G 02% | B | 128 1.72 5.7 0.25 Tr| 0.11 0.07] 0.19
Mg 1.8% | 1 | 0.04 1.80] 5.62 0.24) Tr o.ur 0.07) 0.40
&n 0Csaef | T | 0.45 1.95 5.67 0.2 Tr| 0.10, 0.06 0.0
Cu 0~i2% | K | 0.8 1.85 5.73 0.23 Tr| 0.11 0.09 0.38
Ca 0% | L | 126 1.01 5.76 0.24 Tr| 0.13 0.07 0.41
7075 M | 1.65 2.56 5.79) 0.29) Tr| 0.12] 0.07 o

N | 170 2.52 5.75 0.28) Tr| 0.12 0.07 0.16

O | 166 2.51 5.72 0.28] Tr| 0.12 0.07 0.41

Table 4 Extruding condition of test ingots.

Rate of extruding, m/min 241, 741, 13£2
Temperature of billet, °C 42020
Temperature of container, °C 38020
Diameter of extruded specimen, mm 20

Type of extrusion die Flat
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Fig.1 Schematic diagram of extruding test.

M m"
»HIE D
: |
|2
é% u‘ (\1\) Weigr (50kg)
§ ;‘ (\23 Guide rail
| (\3’) Specimen
| @
! \/D Anvil
i
i
=g ‘<5> N
)

Fig. 2 Schematic diagram of impact compressive test.

*.

IR, 2 v 7>~ OREE—EIC L, fHdE 3 41
m/min, 7+ 1m/min, k40 13+ 2m/min & 3 &4
DR DNT, v VR FEAE LIED S M HGEE & 3R,
RIS MAH Z &k Ui,

BMBERORBICIE, WHHEE 3+ 1m/min i@ LT
A7 20mmeX1700mm ¢ OMPEL b, 17
mme¢ X20mm ¢ OFEBEFEEHERRAOERA ZEID 72
L. SR 2is et GRatBEEERE S 1 <
— W) WhoT, Vv, LDOMDRMEDRNEAFET L.
ERE AR B D CBE Lic, =7 v o451
FADESHYIET, 350°C, 400°C, 460°C, 480°C,
500° C e U, AIRAECSONRMRIE Licth, fAnb L
751 5 BLIPYIC 50kg DHESEY 2 m DR ¥ 45 E T4 L
CERERA T\, EEO Y VIR & ETA % Kbt

o vy b2 A4 X LD TUTEY T, TR ORBOSE
E oo, HPH Lo B L e iR t & Lkl
TR (m/min) =£/t
TGRS OEMATO® E & ho, [EfSHeOB S & hy 2 Lz
B, RO LD EE L,
Ziph (%) =(ho—h,) [h, x100

pL—



(gse) Al-Zn-Mg-Cu o #IH T %5 X

g vy L ORISR

DN Vol. 3 No. 4

4 REBERITLOUVICEER

4-1 #EFHMIHE

Fig 8 wRdiic, fEmTEOREM (20mmex1700
mmeé) ORREET, Y VvOEEXTRAN, FOBREY6
MR A3, By v a RN E . BT T OB R A
ATt RA, Tableb L7z, Tablebic kb &, 1
HEEEE 3 + 1 m/min Tk, b hic 70756 &ML v
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OERE RS2, MHEENZORC B RD &, IV
v ROEMEY 041% L % < LThH, FEcillnny
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O Normal

(D Partially small cracks were oppeared

@ Small cracks were oppeared
o DO

8 Medium cracks were appeared

1
iigm

Fig. 3 Relation between classified figure of
surface cracking and that of actual
one after extruding test.

@ Large cracks were appeared

Table 5 Results of extruding test on the Al-1.8%
Mg-5.5%2n~-0.25%Cr-0~1.2%Cu alloy and
7075 alloy with or without calcium.

Cu. Ca

o Extruding rate, m/min
/1,/ content,jo
0/%
4//0 Cy Ca 3 7 13
R eltelie;
7n 5.5% 0.04 0
Cr 0.25% T Q @
Coo~12%4 B | 043 | O W,
o O0l&
c
Al Bdl 085 | 0
ol o O[O &
i e OlQ10
70 5.5 0.04 | 016
Sy 0100
F
CU O‘”],2"a 045 O]S
o Ol0|le
Al Bal G {083 0.8
Hiles | 049 () C) ()
% O[O]0
i
Zn 5.5% 0.04 | 0.40
Cr0.25% O
coo~12%41 1 | 045 | 030
e OO0
Al Bal | © | 082 ] 038
Ll 126 | o4 O O (D
7075
M1 165 0 @
N | 170 | 0l6 O @ 8
O | 166 | 0.41 O O @

* Cont , Photo, 1.

Q Normal

Partially small cracks
were appeocred,

@ small cracks were
appeared

© O+

Medium cracks were
appeared

@ Large cracks were appeared

Photo 1 Relation between classified figure of surface
cracking and that of actual one after impact
compressive test.
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Fig. 4 Results of elevated temperature impact
compressive test on the Al-1.8%Mg-5.5%
Zn-0.25%Cr-0~1.2%Cu alloy specimens
with or without calcium.
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Fig.5 Result of elevated temperature impact compressive
test on 7075 alloy specimens with or without calcium.
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Fig. 6 Effect of calcium contents on the mechanical
properties of Al-1.89% Mg-5.5% Zn-0.25% Cr-0,
0.4, 0.8, 1.2%Cu alloy and 7075 alloy specimens,
solution heat treated at 460°C for lhr and
naturally aged for 170 hrs.
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Fig.7 Effect of calcium contents on the mechanical
properties of Al-1.8% Mg-5.5% Zn-0.25% Cr-0,
0.4, 0.8, 1.294 Cu alloy and 7075 alloy specimens,
solution heat treated at 460°C for lhr and
precipitated at 120°C for 24 hrs.
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L4 5083 B X (X 5086 @
Wow oM B

2. W (HER, SEETK. RECLER, EvE 1mm)

EIEIE S A N JE <

it # jp il %
) H
Mg Mn Cr Cu Fe Si Ti Zn Al
P £.0~4.9 | 0.50~1.0| <0.25 <0.10 <0.40 <0.40 <0.15 <0.25 7%
5083 = B, A 4.56 0.59 0.02 0.03 0.25 0.13 0.02 0.02 7%
= ¥, B 4.65 0.75 0.16 0.06 0.28 0.15 0.01 0.01 3%
P 3.5~4.5 | 0.20~0.7| <0.25 <0.10 <0.50 <0.40 — <0.25 T
5086 #® B, A 4.02 0.58 0.01 0.03 0.27 0.16 0.01 0.02 7
# %, B 3.99 0.47 0.12 FPk 0.10 0.10 — — I
1) WAHEE Reynolds #o Al Data Book (1959) RENTHWBROEMERT .
6% K X OIS IEHEED , 180°H /7 HEED 5 XU ) 2 e VD
5083 5086
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I i Bl BB ¥ B o i pen M ot pen
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1) g FED. TEST METHOD STD. No. 161 @ Method 211, F2 (P47 0.57, SLAT#S 27, EEHAICEFHCRR LT,
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3) JISBTI77, 2B8RRH
B 7% 5083MKER L OWMEERD 7 £ v
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g 3 E’(ig’ e 0oy 7 v o= D Rl BV gy I YL
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