P
168 _
Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  vol 9 No. 3 July 1968

T O S P oo

TRy AEEOENRIICRITT
RJERNRITBEFT 5=, =DFEE

nTon B =

FERBESRE LKA M



nff

RTE IS isREERERERstsisitly

FE R I T
=DRE

T

5=,

s ok
A

N B

Experimental Studies on Surface Layer Effects
in Fatigue Strength of Aluminium Alloys

by Katsuzi Takeuchi

An unnotched specimen having the emery- or carborundum-paper polished surface is
generally used in ordinary fatigue tests in order to avoid the effects of a hardened surface
layer and the roughness induced in the machining process on the fatigue strength, but the

surface has thin hardened layers owing to the mechanical polishing.

In the present study

11 kinds of aluminium alloys were examined to determine the fatigue strength of the
specimens from which the hardened surface layers were removed by the electrolytic
polishing method, and the effect of the annealing treatments after the mechanical polishing.

The fatigue test was conducted on an Ono’s rotating-beam fatigue tester and the
fatigue strength was determined at 107 cycles.

The specimen polished with carborundum-paper had hardened layer on the surface
about 0.03mm deep. When the layers were removed by the electrolytic polishing, the
fatigue strength dropped lower than the specimen polished with carborundum-paper. The

reduction of fatigue strength of O, T4 and T6 treated

and 1.6~6.89;, respectively.

alloys are4.2~19.29;, 10.6~21.19;

In case of notched condition, the specimen electrolytically polished showed lower
fatigue strength than that shown in the machined specimen, but no difference was detected
in the fatigue strength in either of the surface conditions of 6061 alloy.

The fatigue strength of the specimen polished with carborundum-paper had the highest
value, which was followed in the declining order by the specimen electrolytically polisehd,
that annealed in vacuum, and that atmospherically annealed.
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Table 1 Chemical composition and mechanical properties of specimens.
: P Yield . Brinell
: Chemical composition (%) Tensile
Material Size Syt |strengthElonga: | DARCaees
(mme) Cu Mg Mn Fe Si Cr Ti Zn g/ set) (kgnr/lm 3 ( %00/30)
g/mm?) %
2014-T4 y 36.7 53.8 17 112
2014-T6 ¢ } 20 4.31 0.39 0.87 0.32 0.82 0.01 0.01 0.05 50.3 55.1 11 141
2014-T6 ® 20* 4.70 0.43 0.88 0.38 0.79 0.01 0.01 0.07 51.5 56.2 11 143
2017-T4 20* 4.07 0.55 0.53 0.27 0.29 <<0.01 0.01 0.03 37.4 54.0 16 109
2024-T4 20* 4.57 1.40 0.67 0.24 0.14 001 0.01 0.04 41.6 59.6 15 115
5052-0 16.7%* 0.01 2.48 0.01 0.25 0.09 0.24 0.02 0.02 9.9 21.6 31 48
5056-0 16.7%* 0.03 4.88 0.10 0.19 0.09 0.11 e 0.01 13.7 29.9 32 61
5083-0 20* 0.04 4.32 0.65 0.25 0.10 0.21 0.01 0.02 15.4 33.1 27 67
6061-T4 1 " {11.6 23.5 33 61
6061-T6 ) } 18 0.22 0.97 0.02 0.23 0.52 0.26 0.04 0.02 97.0 30.2 2 92
6061-T4 ¢ 20 0.7 | 106 | 002 | 028 | 060 | 026 | 004 002 | {14 %.2 % 69
6061-T6 <2 30.0 33.8 20 100
7075-T6 20% 1.74 2.47 0.03 0.20 0.14 0.24 0.01 5.76 61.0 67.2 11 153
ZG43-T4 20* 0.05 1.56 0.29 0.25 0.07 <0.01 0.01 4.33 30.9 44.5 11 89
ZG43-T6 20 0.02 1.65 0.31 0.16 0.05 <0.01 0.01 4.24 42.1 46.2 15 1
Al-2.5%Mg 16.7 <0.01 2.44 <0.01 0.01 0.01 — —_— 0.01 5.3 16.2 43 36
Al-59%Mg 16.7 <0.01 4.76 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 9.5 25.0 44 —
(1) Specimen A (2) Specimen B (3) 40 days aged
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Fig. 1 Mechanical properties of 2014 and 6061 alloys.
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Fig. 2 Hardness distribution of carborundum-papar
polished specimens.

a) Before the electrolytic polishing (as machined)

b) Electrolytic polished
Photo. 1 Notched part (x50x1%)
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Table 2 Residual stress of carborundum-paper
polished sheet specimens.
Tensile properties of specimens
Thickness|¥ield Residual
Material strength|Tensile |Elonga-
(mm) £0.2%o0ff strength) tion| stress
(kg/mrsrfzt) (kg/mm?) (%) (kg/mm?)
2014-T4 1.0 34.6 46.2 19 0.49
2017-T3 1.0 35.9 46.0 18 0.72
2024-T3 1.0 37.4 48.8 20 0.61
5052-0 1.0 10.3 21.1 25 0.14
5083-0 1.0 13.9 32.1 21 0.31
7075-T6 1.2 46.5 57.3 18 0.43
Z G43-T6 1.0 35.6 41.0 12 0.31
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Fig. 3 Surface hardness after carborundum-papar
polished Al-2.5%Mg alloy.
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Fig. 4 S-N curves of 6061 alloy (Specimen A).
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Fig. 5 S-N curves of 2014-T6, 7075-T6 and ZG43-T6
alloys.
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Fig. 6 Relation between reduction percentages of
hardness number and fatigue strength.
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Table 3 Fatigue strength and hardness number at surfaces of specimens.

Fatigue strength ) (kg/mm?) Hardness number (Hv100g)
Material Carborundum- : Reduction of Carborundum- : Reduction of
Electrolytic cpE Electrolytic
paper f fatigue strength paper H hardness
polished polished % polished polished %)
5052-0 11.4 10.9 4.4 64 53 17.2
5056-0 14.6 11.8 19.2 91 71 22.0
5083-0O 15.4 13.8 10.4 91 76 16.5
Al-2.5% Mg 9.5 9.1 4.2 62 45 27.4
Al- 5%Mg 13.3 10.8 18.8 85 64 24.7
2014-T4 & 21.8 18.6 14.7 128 116 9.4
2017-T4 19.8 17.7 10.6 127 109 14.2
2024-T4 21.9 18.0 17.8 153 135 11.8
6061-T4 = 12.2 10.8 11.5 73 65 11.0
6061-T4 12.3 9.7 21.1 89 78 12.3
Z G43-T4 15.7 13.7 12.7 120 100 16.6
2014-T6 <2 22.2 20.7 6.7 147 138 6.1
2014-T6 <3 19.1 17.8 6.8 155 144 7.1
6061-T6 13.0 12.8 1.6 103 95 7.8
6061-T6 < 12.6 12.2 3.2 111 100 9.9
7075-T6 21.1 20.2 4.2 183 174 4.9
Z G43-T6 15.2 14.9 2.0 124 118 4.8
(1y 107 cycles (2) Specimen A (3) Specimen B
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Fig. 7 Effect of surface conditions on the fatigue
strength of 2014 alloy.

Temperature (°C)
Fig. 8 Effect of surface conditions on the fatigue
strength of 6061 alloy.
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Unloaded

Unloaded

Stress : 9.0 kg/mm?
Cycles : 1.30x 10" (not fractured)

175°C x 7h tempered

Stress :

4.0kg/mm?
Cycles : 1.03x10" (not.fractured)

b) 415°Cx7h slow-cooled
Photo. 2 Notched part surface of 6061 alloy (Electrolytic polished specimen,x180x%%).
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Table 4 Fatigue strength of annealed specimens.

s Reduction (%)
Material Vacuum Vacuum
annealed * Annealed annealed Annealed
5052-0O 10.4 8.8 8.8 22.8
5056-0 12.1 10.5 17.1 28.1
5083-0 13.2 11.2 14.3 27.3
Al-2.5%Mg 8.2 — 13.7 —
Al—5%Mg 10.4 — 21.8 —

(1) 107 cycles

(2) Reduction percentages refer to the fatigue strength of
carborundum-paper polished specimens

* 10-¢ mm Hg
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Fig. 9 S-N curves of 5083-0 alloy.
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Friction Welding of Aluminum to Copper

by Yoshihiko Sugiyama, Kunisuke Ando,

Yoshio Tasaki and Yukio Hirai

The study reported herein has been made to investigate the properties of friction
welds between aluminum and copper.

Commercially pure aluminum and phosphorus deoxidized copper bars (15 or 18 mme)
in annealed conditions were butt-welded by the various ranges of welding parameters as
shown in Table 1. The joints were evaluated mostly with the tensile test and partly with
the bending and rotary-bending fatigue tests together with macro- and micro-observations.

The results obtained were as follows :

ey

(2

(3

4
%)

Successful, ductile welds could be made by friction welding as shown by the tensile,
guided-bending and rotary-bending tests.

The joints were stronger than the aluminum parent metal. But friction welds which
appeared good when tested in tension could fail in guided-bending test, if the proper
welding condition was not selected. Accordingly, the bending test should be
preferable to the tensile test in order to evaluate the integrity of the welds.

As welded, little intermetallic layer was observed at the interface of the successful
joint by an optical microscope, but joint strength fell off when subjected to elevated
temperatures. This resulted from the growth of the intermetallic layer.

The use of a ring around the mating surfaces was effective for preventing an
excessive amount of protrusion.

The proper welding conditions ‘achieved for 15 or 18 mm diam. materials were
obtained when total upsets were about 3 to 6 mm in a rotational-speed of 2400 and
2.5~5 mm in that of 4000 rpm respectively. But generally the former appeared to

be better than the latter.
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Table 1 Welding condition.

Rotational speed, N (rpm) 2400, 4000

Heating pressure, Ph(kg/cm?) 240, 320, 480

Forging pressure, Pu(kg/cm?2) 400, 480, 640, 800

Heating time, T(sec) 3,56,7.8

Surface treatment Cleaned or not cleaned

Ring With or without

, EEHEN, mEE Py, 7 7ty FE Pu s L 00nE
B T A 2 e (L i, AT ORI I >\ T
W, 7=y aAdie LTI BRI Lt SA I,
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Fig. 1 The size of a ring used to prevent protrusion.
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3 Forging
o T pressure {Py)
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Heating
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) L l 1 1
|«———— Heating time (7) ———t=— Forging time—=

Time

Fig. 2 Schematic process of friction welding.
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Fig. 3 Relation between heating time and total upset (in
case of the comparatively high heating pressure).
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Heating time (sec)

Fig. 4 Relation between heating time and total upset (in
case of the comparatively low heating pressure).
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¥ L0 Photo. 2 I EhWFhimd. BEHD LI A, %
 Fig. 1 @R Licy v 7% Al & L Aviwies
W L7 bDTh Do $7dh Photo. 2 ik TAMD
EHENZ Y v IEBW, HRIOBELY v 7 E Wi T,
& L EiES 2400 rpm, jnEVE 480 kg/em?2, 7 7y
}IE 640 kg/em?2, Jnlesfis 5 sec CHEEINA LD TH
B, COEAEDT Ty FREIZFNFNRIET 4.9 mm,
#B# T 155 mm CThotoo BENADEBMNL I, &
BB UTIRNOERITS BT, &Y ¥ 7EBni
We XL, Toi=v afllnblbUb Ly R R
HET B,

: il i
Plo3/0'3]1 13[213]3 aass 3/6' 3|71 3ja 3/

Top : without ring
Bottom : with ring

Photo. 1 Typical appearances of friction welds between
commercially pure aluminum and phosphorus
deoxidized copper bars.

Left : with ring
Right : without ring

Photo. 2 Typical cross-sictions of friction welds between
commercially pure aluminum and phosphorus
deoxidized copper bars (N=2400 rpm, Pn=480
kg/em?, Pu=640 kg/cm?, T=5 sec).
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N=4000 rpm
Phosphorus deoxidized Commercially pure Py = Tensile
copper aluminum (kg/em?) | Geg/om?) | (seo) S&E‘fg%g? Remarks
Cl d,
(ay| 320 | 480 5 74 eane
with ring
Cleaned,
(B) | 320 640 3 8.3
with ring
Cleaned,
c) 320 640 5 8.1
with ring
Cleaned,
(D) 320 640 8 5.5
with ring
Cleaned,
a0 (E) 320 800 5 8.5
with ring
Cl d,
(F) | 480 | 640 3 8.4 seane
with ring
Cl d,
(G)| 480 | 640 5 8.3 cane
with ring
Cleaned,
(H) 480 640 8 5.2
with ring
Cleaned,
G (1D 480 640 3 7.9
§§§§ﬂ with ring
Cleaned,
(3| 240 | 400 5 73 “eane
with ring
Not cleaned,
(K) 480 640 5 7.9 with ring
(L) | 480 | 640 5 go | Notcleaned,

without ring

Photo. 3 Typical specimens after tensile test
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Fig. 5 Effect of heating pressure of the tensile strength
ef friction weld between commercially pure alu-
minum and phosphorus deoxidized copper bars.
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Fig. 6 Effect of forging pressure on the tensile strength
of friction weld between commercially pure alu-
minum and phosphorus deoxidized copper bars.
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Fig. 7 Effect of heating time on the tensile strength of
friction weld between commercially pure alu-
minum and phnsphorus deoxidized copper bars.
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Fig. 8 Relation between total upset and tensile strength
of friction weld between commercially pure
aluminum and phosphorus deoxidized copper bars.
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Table 2 Results of the bending tests for the friction-
welded joints between commercially pure
aluminum and phosphorus deoxidized copper

bars.
Welding condition ' Bending radius (mm)
Dia. of
s N Ph Pu T
sp(erglmm)en (rpm) |(kg/cm?)|(kg/cm?)| (sec) 30 85 4« 50
O
2400 320 640 5 — X O O
X .
130
X
4000 320 640 5 — O — O
x
X
2400 | 320 60 | 5 | Q1o —| -
X
112> :
4000 320 640 5 o B B
X
(1) Test specimens were prepared from 18mm dia. friction-welded
joints.
(d) Test specimens were prepared from 15mm dia. friction-welded
joints.

OO RMF OB/ T LEERITERFF OERED 3 ~ 4 FHE
EBIREIND

Photo. 4 i FEBBOBRF O—#lE =T, BEIKC
7R U7 sk i 18 mme D AEH A MRk 2400 rpm,
fZAE320kg/em?2, 7 7wy bE 640kg/cm?, JpshEi
5sec THE LcdE T, HEHER 13mme ORI
L, FHFN35k L0850 mm O cElBRLA-LD
ThH b

Top—Bent around 70mm
diam. center pin.
Bottom—Bent around 100mm

diam. center pin.

Welding condition
N : 2400 rpm
P : 320 kg/cm?
Pu : 640 kg/cm?
T :5 sec

Photo. 4 Typical specimens after guided-bending test.
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Fig. 9 S-N curve for friction welds between commrcially
pure aluminum and phosphorus deoxidized copper
bars.
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Photo. 5 Mode of failure resulting from rotary-bending

fatigue test.
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Fig. 10 Hardness distributions of friction weld between
commercially pure aluminum and phosphorus
deoxidized copper bars.
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Fig. 11 Hardness distributions of friction weld between

commercially pure aluminum and phosphorus

deoxidized copper bars.
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Photo. 6 Photomicrographs showing hardness distributions of MIG weld between aluminum and copper plates.

Welding condition
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Fig. 12 Approximate Cu content in commercially pure
aluminum friction-welded to phosphorus deoxi-
dized copper (analyzed by X-ray fluorescence
spectrometry).
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Photo. 7 Microstructures of weld interface between commercially pure aluminum and phosphorus
deoxidized copper bars (N =4000 rpm, Pn=480 kg/cm?, Py=640 kg/cm?, T=5 sec).

Phosphorus deoxidized copper

Commercially pure aluminum

Photo. 8 Electron-micrograph of weld interface between
commercially pure aluminum and phosphorus
deoxidized copper(IN=2400 rpm, P,=480 kg /cm?2,
Py=800 kg/cm?, T=>5sec).
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Fig. 13 Effect of heat treatment on the tensile strength
of friction weld between commercially pure alu-
minum and phosphorus deoxidized copper bars.

3-2:6 MEOE

RESEBOESMAY NS5 &, FEAHALHB U CRES
B EZOBEMAMEEI N DR, B »nEt
THZENEBEIND, ThbbEANRILINGEE L
PRAB OB L ) BB ENMET I 25805 %E 2 Db,

Fig. 13 XA O5 IRRX L NEVERE () & O
FRERLIcSDTH Do BB IRSECIE TR L Ol
BRIz b D EFEISHE L B EE ST L, Hic
FIIEBEEDOE EORECT CIREBRTHEE L 0 b b
o7, MENRESNE S MBI Lich-> T, BEROE
T R A ART UCHT BN BN 5,

Photo. 9 3 Fig. 13 R\ =88 & B U4 T
L7z DWC, SRRSO M B3 indva s (i5Ra)
DEEERLI=bDThHD, BEDOEE O L0t 250°C
X 1h om#Eh B Cik, BRICFHEBL LEBMIEAE
bbb\, 360°C T lh it se, © o0&
HRIERASLNCRED BIND, X SICBEY EF Tl
HERMNETL L, O TR2EBOEL B Tik3BoH
MBI FhEE X5, Photo. 10 1% Photo. 9 ® i
U BB OB ETHEMSEERTRLAELDTH
%o BRHLTINLOERIFOFI L &y 7 — = (15g)
T, EhENQ) T 63, (DT 336, Fi @ TIHSAAIOE
H3469, T3 =y AHOEN2T8 Th o,

IR D5 BRI X & SO MM BT, KM
T B AN R O B S IRE O BB LT,
T BFREAHE TR LD L BN,




Vol. 9 No. 3 TR = AL SRR B (167)
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pure aluminum
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(A) As welded

(B) 250°Cx1h (C) 360°Cx1h

250°Cx1n

€8)) +
360°C x5h

150°C x 1h

(B> +
360°C < 40h

Photo. 9 Photomicrographs showing the effect of heating on the intermetallic layer of
interface between commercially pure aluminum and phosphorus deoxidized copper (x400x943).

FPhosphoru
deoxidized

Photo. 10 Eletron-micrograph of weld interface
heated 1h at 150°C and 40h at 360°C.
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On the Erosion of Condenser Tube Alloys

by Sand in Water

by Zen-ichi Tanabe

A reason for the widespread use of Albrac in condenser tubes may be attributed to

its high erosion and corrosion resistance.

Albrac alloy, however, is eroded by sand in water at power stations where river or
sea water is used. This type of erosion, described by the term‘“sand erosion,” is not

studied completely.

The loss caused by sand erosion is so serious in view of material and energy resources
that the basic information on sand erosion is desired.

In this paper, effects on the contents and grain diameter of sand, velocity of solution
and cathodic protection on the sand erosion of condenser tube alloys are studied.

The results obtained were as follows:

(1) The rate of sand erosion increases with the content and grain diameter.
(2) The rate of sand erosion varies in proportion with some powers of the velocity of

solution.

(8) The sand erosion in the case of flowing velocity of 2m/sec, is protected by cathodic
current, because this erosion process is electrochemical. But the cathodic protection
is not sufficient where the flowing rate is 4m/sec, because of the mechanical

characteristics of sand erosion.
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Photo. 1 Example of sand erosion damage of
condenser tubes.
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Fig. 2 Relation between sand content and sand erosion. (Velocity 2m/sec)
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Study on the Corrosion of Surface-Treated Aluminium
in Contact with Other Metals in Still or Flowing Tap
Water and in Industrial Atmosphere

by Yoshio Baba and Michiki Hagiwara

It is well known that the anodic electrode potential of aluminium and its alloys may
cause them to corrode sacrificially when in contact with most other metals in corrosive

environment.

We have been studying the effect of surface treatments, for example, chemical
conversion, anodizing and painting, on the corrosion of aluminium and its alloys in contact
with other metals in still or flowing tap water and in industrial atmosphere.

The results obtained are as follows:

(1) After dipping in still or flowing tap water for two years carbon steels in contact
with aluminium and its alloys corrode themselves whether or not they are plated
with zinc or tin, and they do not cause the corrosion of aluminium so much.

The contact corrosion of aluminium and its alloys by stainless steel is less
than that by polyethylene in flowing tap water. In dipping test only copper causes

severe corrosion of aluminium.

The tensile strength of the specimens in

(2) With regard to the effect of surface treatment in dipping test, painting is most
protective, followed by anodizing and chemical conversion.
The oxide film formed by anodizing in oxalic acid is more protective than that
in sulfuric acid.
(8) The contact corrosion of aluminium and its alloys by copper is most severe in
atmospheric exposure for five years.
contact with copper decreases to 80~90 percent of initial value and the minimum
value of elongation to 40 percent.
Stainless steel or carbon steel in contact with aluminium and its alloys in
atmosphere scarcely causes the contact corrosion except for surface contamination.
4

The contact corrosion of aluminium and its alloys by other metals except for
copper in atmosphere can be considerably protected by surface treatments.
of Zinc Chromate Primer is most protective among these treatments.

Painting
Anodizing is

also almost protective but deep pits may occasionally generate on the specimens.
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Table 1 Chemical composition of test specimens. SBEBEEBRF & LTk JIS5 B3 ERBRF OWITHE L,
Aluminium and its alloys Fig. 1 wrtTrrciESB» 7Y v 7 (JISTH&7 N
Chemical conposition (%) =Y AEETEOR) YHWTEMI S,
Material
Fe | Si Cu| Ti | Mg| Mn| Zn | Cr
—25— 200
99.2% A1 0.51 | 0.16 | 0.024| 0.003| 0.002] 0.014] 0.026| Tr o) 'j/__
3008 0.450.15|0.03 | 0.01 | Tr|1.16]0.08 Tr i \ 5 R L
WO o~ <
5052 0.28 | 0.10 | 0.01 | 0.01 | 2.29 | 0.01 | 0.01 | 0.27 T:h’) i
2117 0.320.14 | 2.65 | 0.01 | 0.29 | 0.01]0.01| Tr _other_metal other_metal dip \ Al dlloy specimen
Al all i b)
Othermetals S0y speamen (a) (
. Chemical conposition (%) Fig. 1 Test specimens.
Material Calval c sl il e (a) for dipping, (b) for exposure
Carbon steel 0.2310.43|0.47 | Tr | Tr | Tr | Tr TNI=YAEFOSEORTAE, BOHE FoE
Stainless steel Tr | 1.60 | 0.02 | 0.07 | 18.35 10.79] Tr D H), BoOhmite, 7 ve=7, MBV, 7wuv v, {LZWH
B, BB~ A Y, BRTAIAL, VrinAet 7
Chemical conposition (%) _ y . . N
Material F - 5 o c TAR~BHEBOCRE=w - ¥BIFEOIVEET, S0E
e si o} . B N
HEDFHME Table 2072 Th b, Mk, 211744
Copper DO O M| 00| PRS o BEEIRE AR LT T R b et bR ze 1
SRERIE 3 %EIMEY ~ £ (60°C) 3 SHIRE Lo,
2-2 BBRAROEMS L URERE 109 WEBR T rhFn LIKEE Lizo
HESEY | mmECFEE (21174605 FEEERE HEMA~OHEBR BLIVAZAD Ay X XEE A v ¥ T
{LALED), KEKBRERBRT & LTk 25X50 04E”Ie, &  Table 3 O&HBIC T/ 70
Table 2 Surface treatment of aluminium alloys.
Surface treatment Method g‘fhis‘:};?:g: ?ﬁ‘;“nmlor
1| Non treatment As pretreatment
E 2 | Chemical polishing 30~60 sec at 85~90°C in HsPOs (75ml) + HNOs(5ml)+H.S0, (20mi)sol.
= .
§ 3 | M. B. V. Smin. at 90~100°C in Na:CO;(10)+NasCrs0¢(3) sol. 5K, grey
I
Q P S5min in H3;PO4 (64g)+NaF(5g)+CrQs(10g)/! - H20 sol. .
S| 4| Aledine followed 10~15min in 0.05% chromic ack sob, ** °° 544, bright green
é 5 | Ammonia 15min boiling in 0.1IN NH,OH sol. white (faintly)
L]
S 6 | Bohmite 15min boiling in deionized water
E;" 7 Anodizing in sulfuric | 30min 23°C, 15%H.S04, 1A/dm?2, 18V 10
‘B acid followed 30min sealing in boiled tap water [
s
1 Anodizi i 1 40min 25°C, 5% (COOH):, 3A/dm?, 50V . .
:‘; 8 acrilg reing in oxatic . forlxllégved 30min sealing in boiled tap water 104, gold silver (faintly)
% 9 | Zincchromate primer yellow
& 10 | Vinylose white
. Jtap water
2‘3 %%ﬁ/ﬁ specimen l'l'
= . R ALEE L A g . 1
RO S & AR & B BB K (6 L
S — ettt
IR BB RIS 5 RS AR Ui, l HEHEBEBEB )
REFRBRIL Fig. 2 028 77 2R RR A 4 & 202 i
D, BKOBEX3 7y BBICKEER L, HAKDEE {
pn . N |
PR 0.3m/min T FAB kA over flow X7, 7GH glass vessel| ¢== et |
Table 3 Zinc and tin plating on carbon steel. T T
: Thickness of I T
Plaing Method plated layer IZ (8)
4min, 5A/dm?, 30°C, ZnO(50g) + Na I I
Zinc plating | CN (100g)+NaOH(50g)/! - H,O 5~8 1 -+ -+
followed chromate treatment T T
. ; 5min, 1.5A/dm?, 60°C Na,SnO . =
Tin plating | (1009} + NaOH(18g)/1 - H.O . ° 3~54 100

Fig. 2 Equipment of dipping test.
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Table 4 Chemical analysis of tap water used in
corrosion test.

Item Before | After
pH 6.40 6.70
Methyl orange alkalinity as CaCO; ppm 9.5 22.0
Total hardness(as equivalentCaCOQOs;) 7 21.4 35.1
SO~ 7 13.2 10.7
NHs 7 Tr Tr
SiO2 7 10.0 8.0
Fett {4 Hett+ 7 0.1 3.2
Cu~ 7 0.05 0.10
Cl- v 4.2 9.6
E\?aporation residue e 57 111
Al 0.03 0.76
30 T | I
pallin;
24 y T | \
18 //szfﬂ\\v f\\ o Mmax

Temperature (C)
o >

} [}

. ]
1 2 3 4 5 6 7 8 9 10 11 12

Duration of dipping (month)

Fig. 83 Change in temperature of flowing tap water
measured at A.M. 8.00 and P.M. 4.00
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Fig.4-a Effect of surface treatment on the corrosion
of 99.2%5 Al in cuntact with other metals.
Test specimens were dipped in still tap
water for 2 years.
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Fig. 4-b Effect of surface treatment on the corrosion
- of 99.295 Al ‘in contact with other metals.
Test specimens were dipped in still tap

water for 2 years.
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Fig. 5-b Effect of surface treatment on the corrosion
of 3003 alloy in contact with other metals.
Toest specimens were dipped in still tap
water for 2 years.
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Fig. 6-a Effect of surface treatment on the corrosion
of 5052 alloy in contact with other metals.
Test specimens were dipped in still tap
water for 2 years.
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Test specimens were dipped
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water for 2 years.
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(b) Anodizing in oxalic acid

Photo. 2 Photomicrograph of the cross section of 99.2% Al in contact with copper
after b years exposure in industrial atmosphere. (x100) x3%
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Table 5 Electrode potential of various metals and alloys (volt in 0.1N calomel scale).

Zinc 5052 | 99.2%A1 | 3003 2117 |Carbon steel] Tin | Copper | Stalnless
NaCl (53g/1)+ Hz02(3g/Dsol. -110 | —0.85 | -0.83 | -0.83 | —0.68 —0.58 049 | —0.20 ~0.09
tap water ~0.04 | —0.50 | —0.48 | -0.48 | —0.32 ~0.39 —0.86 | —0.01 | +0.10
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Table 6 Wire on bolt data in Japan.
Weight loss of aluminium wire, %
Test site and its particulars Exposure period

Al-plasti= Al-Fe Al-Cu
Zushi marine, with some urban 20Sept. ~ 18Dec. 89days 0.17 2.6 3.6
Kitakata inland, with some urban 16Sept. ~ 15Dec. 90 » 0.24 1.5 1.3
Yao industrial 15S8ept. ~ 14Dec. 90 ~ 0.22 0.25 0.46
Sapporo urban, with coal smoke 15Sept. ~ 14Dec. 90 ~ 0.12 1.2 2.7
Sakai industrial-marine 2Nov. ~ 28Dec. 54 ~ 0.17 0.67 1.8
Sakai industrial Sept. ~ Dec. 90 # 0.54 4.1 3.9
Yokohama industrial-marine 158ept. ~ 15Dec. 91 » 0.43 1.8 2.6
Osaka industrial 158ept. ~ 15Dec. 91 # 0.18 1.7 2.9
Nikko inland, industrial 19Sept. ~ 17Dec. 89 » 0.14 0.49 1.3
Tokyo industrial-marine 20Sept. ~ 18Dec. 89 » 0.45 3.7 4.0
Tokyo idoor in clean atmosphere Sept. ~ Dec. 90 7» 0.05 0.09 0.09
Tokyo industrial 158ept. ~ 15Dec. 91 » 0.15 2.7 3.9
Hitachi marine with some urban 158ept. ~ 15Dec. 91 » 0.41 5.2 5.1
Takaoka urban with some marine 6Sept. ~ 6Dec. 91 # 0.25 4.5 5.0
Kagoshima  urban Sept. ~ Dec. 90 » 1.6 2.7 0.65
Nijhama industrial-marine Sept, ~ DNec. 90 » 0.69 2.7 6.5
Kanbara marine 158ept. ~ 15Dec. 91 » 0.26 2.2 1.9
Nagoya industrial-marine 15Sept. ~ 15Dec. 91 » 0.14 0.71 2.4
Shimonoseki marine 185ept. ~ 14Dec. 90 » 0.10 1.2 1.6
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