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Effects of TiB, and TiAl, Particles on Refinement

of Cast Structure of Pure Aluminum

by Yoshio Baba and Junji Hamada

Effects of TiB: and TiAls particles, smaller than 15 w4 and 600 p, respectively, on grain
refining of cast structure of 99.75% and 99.99% aluminum were studied. The results

obtained are as follows:

1) Grain size of cast aluminum decreased when 0.01 to 0.10% TiB.

was added. This

effect became more pronounced as the particle size decreased. Further, it was found that
the refinement effect due to TiB: was more effective when the temperature of molten
aluminum was raised to 900°C and 0.006% Ti was added in advance.

2) Similarly, grain refining effect due to TiAls became more pronounced as the content
of TiAls increased from 0.07% to 0.54% and the particle diameter decreased. This effect
was further noted when the holding time and the temperature of the molten metal containing

TiAls particles increased.

3) When 0.05% TiB, and 0.016% TiAls were added together to the molten metals, the
refinement effect was very pronounced if the particle sizes of TiB. and of TiAls were less
than 2 ¢ and 100 p, respectively. This observation was consistent with the refinement
effect of the Al-5% Ti-1%B master alloy on the cast structure of pure aluminum.
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Fig. 1 Replica electron micrographs of A1-5%Ti-1%B alloys (a), (b), (c) and cast structures of 99.75% Al
grain-refined by the master alloys,
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Table 1 Chemical compsitions (wt%) of pure aluminums

A1]Cul Fe Si ] Ti] B
99.75% Al| R | 0.002| 0.15 0.06 | 0.0028 | 0.0004
99.99% A1l R. 00%100m] 0.002] 0.0003 | 0.0001

Table 2 Chemical compositions (wt%) of master alloys

M’Cu}Fe si | Ti| B
ALS%Ti1%B(@) | R.[0.003 0.0 | 0.10 | 5.13] 1.03
AI-5%Ti-1%B®b) | R.|0.004 0.35 | 0.25 | 5.15 | 1.01
AL-5%Ti-1%B(C) | k.| 0.005 0.30 | 0.20 | 5.16 | 1.02
Al-2.89%Ti tujmw 0.19 | 0.09 | 2.83 | —

Table 3 Chemical compositions (wt%) of intermetallic

compounds

oA c | Fe | si | | ow
TiAl | R. | 0.006| 0.08 | 0.42 | 36.61| —
TiB, | 0.003| 0.03 | 0.05 | 68.58 | 31.03
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Fig. 2 Effects of TiB, addition and the particle siz eon
the grain refining of cast structure of 99.75% Al
containing 0.006% Ti.
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Fig. 3 Effects of TiB,addition and the particle size on
the grain refining of cast structure and the ele-
ctrical conductivity of 99.75% Al
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Service Experience of Welded Titanium Tubes in
Air Cooling Zone of Surface Condensers

by Tadashi Nosetani, Mikio Shimono, Zen ichi Tanabe, Shiro Sato,
Hitoshi Hirose, Katsuhiro Onda, Yoshimi Yamaguchi

With excellent corrosion resistance to sea water and ammoniacal drain and good
fabricability, thin wall welded titanium tubes have taken their place as the desirable tubes
for air cooling zone of surface condenser. In our country, the titanium tubes were first
applied to a condenser in 1969, and to many condensers since 1970. It is roughly estimated
that they are used in 50 units and the total installation is 860, 000m until now.

During these years, we have experienced the galvanic corrosion on the limited area of
naval brass tube sheet with the titanium tubes being installed at the air cooling zone and
hydrizing of the titanium tubes. After practical and experimental investigations of these
phenomena in connection with the ferrous ion injection into sea water and the cathodic
protection, we obtained the following results. These results indicate a limiting condition of
using titanium tubes and precautions that can be taken to counter the adverse effect.

1) The occurrence of the galvanic corrosion and the hydrizing in the units with the
titanium tubes was closely concerned with the degree of the polarization of the tubes and
the tube sheet due to the cathodic protection.

2) The cathodic polarization was considerably promoted by the ferrous ion treatment
under the usual cathodic protection. In the unit with the ferrous ion treatment the inlet
tube sheet was easily polarized as well as the outlet tube sheet, but in the unit without it
the former was remarkably less polarized than the latter. Therefore, it can be said that
the cathodic polarization increases with the formation of the protective film, which is
effectively formed by the ferrous ion treatment and spontaneously formed under the
condition of less impinging action of water such as at the outlet side.

3) In case of the high cathodic polarization, the galvanic corrosion was successfully
suppressed but the hydrizing occured by the cathodic protection. In case of the low cathodic
polarization, the galvanic corrosion was unsuccessful to suppress but the hydrizing did not
occur,

4) The titanium tube in sea water was hydrized when the potential was cathodically
polarized to the less noble than -0.7V(vs SCE). Therefore, the potential of the titanium tube
must be kept at the noble more than -0.7V(vs SCE).
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Table 1 Correlation between ferrous ion injection into cooling sea water and galvanic corrosion on the tube

sheets (Naval brass) of surface condensers with titanium tubes at the air cooling zone.

Unit Starting Inspection C?ﬁgioglg%pth Ferrous ion
A-1 Dec. 1970 Feb. 1972 0.6 None
A-2 May 1971 Apr. 1972 0.4 None
C-3 Mar. 1970 Feb. 1972 2 to 3 None
Y-6 Mar. 1970 Jan. 1972 3.0 None
N-7 Dec. 1970 Feb. 1972 3.0 None
K-4 Nov. 1971 Feb. 1972 0.8 None
K-1 Sep. 1969 Apr. 1971 None Injected
Y-7 i Oct. 1970 Jan. 1972 None Injected
Y-8 Jan. 1970 Jan. 1972 None Injected
AN-1 Mar. 1970 1972 None Injected
AN-2 Jan. 1970 Mar. 1972 None Injected
I-1 May 1970 Mar. 1972 None Injected
1-2 Oct. 1970 Mar. 1972 None Injected
0-2 Dec. 1971 Feb. 1972 None Injected
T-2 Dec. 1971 Feb. 1972 None Injected
T-3 Dec. 1971 Mar. 1972 None Injected
AK-1 Sep. 1970 1971 None None*

*Sea water supply line is cast iron pipe.
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Fig. 1 Galvanic corrosion on the limited area of naval
brass tube sheet with titanium tubes being installed

for air cooling zone(O-2 unit).
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Table 2 Specification of the condenser whose polarization characteristic was examined.

Divided waterbox

T-3 unit A-1 and 2 units C-1 unit
Single pass Single pass Single pass
Type Twin shell Twin shell Twin shell

Divided waterbox Divided waterbox

Condensing surface(m?) 18800 24400 20000
Condenser load (kcal/h) 405 % 10° 513%10° 406 x10°
Cooling water(m?®/min) 955 1160 1020
Water speed(m/s) 1.99 1.94° 2.0
Cleanliness factotr(%) 85 85 85
Number of tubes 19424 23664 20680
Aluminium brass 17904 21868 20680
Titanium 1520 1796 -
%izerial for air cooling Titanium Titanium Ni plated aluminium brass

Tube size(mm)

Aluminium brass 25.4% x1.25¢ % 12930

25.4% x1.25¢x 12198 25.4% x1.25¢x 12129

Titanium 25.4% x (.5t X 12930 25.4% x (.5t x 12198t
Tube sheet Naval brass Naval brass Naval brass
Note Ferrous ion injected Ferrous ion: None Ferrous ion: None
24
(Fe?*:0.5ppmx 2h/d) Epoxy was coated on the
area for air cooling zone
of the inlet tube sheet in
A-] unit
Table 3 Specification of cathodic protection for one waterbox of the condenser.
Protection area Necessary current Necessary current
(m?) density (mA/m?)
Waterbox 26.3 10 0.26
& Tube sheet 5.6 150 0.84
= Tube 106.5 150 16.0
=)
Total 138.4 17.1
f;‘ Waterbox 40.6 10 0.41
=]
= Tube sheet 7.8 150 1.17
Eo
B Tube 130 150 19.5
=
= Total 178.4 21.1
Waterbox 27.5 10 0.28
Rl
o Tube sheet 6.0 150 0.9
=
‘5 Tube 118.5 150 17.03
Total 147 18.21

Fig. 6 ¥ X P Fig. TR Uiz, SHEEEACNE HD
fcidkd L B Tine, ADPNEIERC oM S i<,
72 A I A A N 21 A G OB A frElic Bl
LT otr, BREBHRELEE LGS 1 BEOTRN
2BEE Y 0.IVIET IS ABINTW2DIE, 15HD
HEHHROBRCBE L IN o #F v a—F 4 v D

BoikuhrBbhic, ZRHABEAFHO7 v =Y
AEERIEEIR E TIEOBEEC T b DERB LN, BHE
DFHH0.1~0.2V L SR ah ik, HMOERIEEEIH
O ABNBE THBINT W,

CkH 158 Fig 8 RT X oL, ADMUERITER
BRERCUTHHOHABMNBIC I TOBRIhEEL,
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T-3unit(4th waterbox A-1 and A-2 unit(3rd waterbox } C-1 unit{3rd waterbox)
Fig. 2 Positions of Zn-reference electrodes fixed at inlet tube sheets. The positions of the
electrodes at the outlet were symmetrical with those at the inlet.
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(On June 16th 1972)
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Fig. 3 Installation of Zn-reference electrode,
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Fig. 4 Polarization of the inlet and outlet tube sheets in
The solid and
broken lines are of the inlet and outlet tube sheets,

the fourth waterbox of T-3 unit.

respectively. During measurement two circulating
water pumps were driven (Water speed was about
2m/s). The

electrodes,

numerals show the positions of the
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Fig. 5 Polarization of the inlet and outlet tube sheets in
the fourth waterbox T-3 unit. The solid and broken

lines are of the inlet and outlet tube sheets, res-

pectively. During measurement one circulating

water pump was driven (Water speed was about
1m/s). The numerals show the positions of the ele-

ctrodes.
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Fig. 6 Polarization of the inlet and outlet tube sheets in
the third waterbox of A-1 unit. The solid and
,broken lines are of them, respectively. During

measurement two circulating water pumps were

driven. The numerals show the positions of the

electrodes.
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Fig. 7 Polarization of the inlet and outlet tube sheets in

the third condenser of A-2 unit. The solid and
broken lines are of them, respectively. During
measurement two circulating water pumps were
driven. The numerals show the positions of the
electrodes.
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Fig. 8 Polarization of the inlet and outlet tube sheets in

the third waterbox of C-1 unit. The solid and

broken lines are of them, respectively. During

measurement two circulating water pumps were
driven. The numerals show the positions of the

electrodes.
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Fig. 9 Hydrogen content of titaniiin cendenser tubes used

in five units for 1 to 2.5 years.



Fig. 10

transversal cross section, Magnification »%400).

Fig. 11 Crack along hydride platlets which precipitated in

radial direction (Observed in transversal cross
section, Magnification X 400). The crack seemed to
occur when the tube was deformed during remo-

ving operation.
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Hydrizing of the titanium condenser tube served for 2 years and 10 months in AN-2 unit (Observed in

WEFr42 % & o Zero-Resistance- Ammeter
(Witton Electronics Co., 2A10) Z&BLAEL
(Fig. 12 (), '

HHEHAGLEWOBEANRE 2m/s KT 2083 VY= y
7B OREE 2 Fig 13 1R L /e,

F— NV ERBBES T 1, 300mA/m? OFEFE
CREEHVN =y ZERBENIS, 1 HBRREHELS S
b, #D%I13400~800mA/ m2DOEFE R Uiz L DHEIX
F—NOVEEMREEEA L E L T0.5~0.9mm/Y OF
BRBICHYT 5,

FNEZTAEROT VN o FERIEZ—SVEERAD
1/3BETHD, F—SVEHIDITHELATTVI=
TT7TE 9 RBIHEANVERMCTHB LA SN, BERUZ
THEHOT NV =g AFHMCEPEATEIBD SR T,

THRFVBIETCHEEL A — VB HICIE 100mA/m?2
PTOT V= o DBRPMEL LT TEL LTz, TDT
ED BB N U T L d BERT Vv = 5 7 ER 2 H
WZPNS L TAPRNRE DL ENRDI T, SREDOERT
R UBRIEBREMITN 2 7 ABIU ©» s ADH LR
H ot BEBEERPEYCTE L - TERE
HHIALEE 2L EL EBDbN,

HuN= o VBBHROBBIEEEC ST Fig. 4R L
720 BEENRE 2m/s A0H BEAK U B TITR 5 72,
HvX= o 7 B RE TR ERE AR Y7z b 40~



(171)

= ZE 8 & B &8

July 1974

Test section

o1

Tube sheet
(100¢, Pitch 1.25D)

(a)

Titanium tubes

p:
U_g Flowmeter

Container Pum .
P Zero-resistance ammeter

Titanium tube 3
N PVC tube

Copper alloy sheet

(b) —

—0
\N Potentiostat
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N
Fig. 12 (a) Test loop used for investigating the galvanic

corrosion behabiour between titanium tube and
copper alloy tube sheet, and the hydrizing of
titanium tube by cathodic protection. (b) Exper-
imental arrangement for measuring the galvanic
current. (c) Experimental arrangement for the
cathodic polarization of titanium tube. The experi-
ments were made in artificial sea-water (ASTM

spec.), which was refreshed weekly.
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Fig. 13 Galvanic current as a finciion of time between

titanium tubes and tube sheet.
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Table 4 Chemical compositions of tube sheets(%).

Sheet co | zo | a1 | Fe | Ni | Sn | Mm Reference
Naval brass 60.01 | Rem. - €0.01 - 0.76 - JIS H 3203 NBsP2
Aluminium bronze(Alloy D) Rem. ‘ - 8.21 2.02 - - 0.56 ASTM-B171 No. 614
Aluminium bronze(Alloy E) Rem, 5 - l 9.51 2,48 5.11 - 1.35 ASTM-B171 No. 628
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Fig, 14 Effect of water speed to the galvanic current

between titanium tubes and tube sheet,
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Fig. 15 Hydrogen content at the inlet of titanium tube
whose inlet was polarized to each potential for

three months.
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Case Studies on the Failures of Copper and

Copper Alloys by Stress Corrosion Cracking

by Shiro Sato and Koji Nagata

A wide variety of examples of troubles on stress corrosion cracking of copper and
copper alloys have been introduced with their various environmental characteristics and
have been classified into seven groups in accordance with their responsible corrodents or
environments to stress corrosion cracking.

The corrodents or environments classified include those of ammoniacal conditions, of
sea water under polluted condition or at elevated temperature, of fresh water, of water or
steam at elevated temperature and pressure, of atmosphere, of underground and of molten
metals.

Except for the stress corrosion crackings in ammoniacal conditions and in molten
metals, no systematic investigation has been made on the phenomenon of stress corrosion
crackings. One of the prominent features in the above examples of stress corrosion
crackings is that they are, in many cases, accompanied with intergranular corrosion

regardless of the existence of tensile stress. Therefore, to understand the stress
cracking of copper alloys, more detailed informations are required regarding the

corrosion
corrosive

action to intergranular corrosion of copper alloys under various environments.
Furthermore, it seems important to clarify the characteristics of elastic and plastic
properties and also the sensitivity to the rupture of copper alloys around the tips of

intergranular corrosion under the tensile stress.

1. #

[l
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SEBIDETTERHMNOBRR L Y b ELA A LEBINT
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Table 1 The list of typical examples of stress corrosion cracking of copper and copper alloy

products classified in accordance with the responsible corrodents or environments

for stréss corrosion cracking.

Corro- s oons s Alloy* Morphology
NO Application and environment Origi i
. gin of tensile stress
dent (CDA NO Corrosion | Cracking
Power plant condenser tubes for air . s h .
1 removal section in ammoniacal con- 687 Tarnish layer Transgranular Scratch mark during tube
2 densate insertion
E
5 X frps Internal stress by tube
g 2 ditto 887 Pitting Transgranular straightening
E
°© Petroleum refinery condenser tubes Inter lar Int d Extensi .
o 3 in overhead condensate neutralized 687 ntergranu a nier an xtension by tube in-
[
.§ by ammonia under alligator transgranular stallation
d
o Piping for air conditioner covered Internal stress b
. h s ¢s by tube
E 4 g;;h foamed rubber by ammoniacal 122 Tarnish Intergranular drawing and straightening
<<
5 %c())r;lﬁrmation test of above illustra- 687 Tarnish Transgranular élnr’lcilr:étl stress by hollow
b Power plant condenser tubes in pol- Intergranular Bending by tube align-
% 6 luted sea water 687 under pitting Transgranular ment in the bundle
B
o . . .
Petroleum refinery condenser tubes . Intergranular with Thermal expansion and
3 7 in side cut liquid of high temperature 687 hard deposit Intergranular contraction
:- 8 S.C.C test by fresh water 687 Small pitting ‘Transgranular Extension by spring
£
B Lubricant oil cooler tubes in fresh Intergranular Extension during ex-
= 9 water coolant 687 under pitting Transgranular panding of tube ends
& i i . Extension b in-
10 ?:tfl;%lseﬁlrgaﬁzf;nery oil cooler tubes 443 Severe intergranular Intergranular st};llar%i:)n y tube in
[
5 =1 Power plant heater tubes in boiler Internal stress by ex-
SWgE u feed water at elevated temperature 687 Intergranular Intergranular panding tube ends
el
2858
St Power plant heater tubes in boiler 5 Intergranular Internal stress by tube
= ° “’g 12 feed water at elevated temperature 703 under tarnish Intergranular drawing and straightening
Atmospheric exposure test in Osaka Internal stress by hollow
13 during 1931-1933 Cu-Zn aﬁoy unknown unknown sinking
Q
@ . . _ .
5 | u | Soraein tube millafter cold dro 210 Taraish ntergraniar | [nigrnat streso by hollow
g .
. ) . Intergranular
8 Sugar refinery cooler tubes during s Internal stress by expan-
< 15 storage before use 270 none rgg}ggt‘i‘;ﬁ )to ding tube ends
Light £ b N Internal streis during
ight fixture brass chain in a general - . fabrication and applied
18 purpose of chemical laboratory 250 unknown Intergranular bending stress by weight
of light
t 47 ipe 1 ith . t
g | 17 | Ttyeer ive e cpered i | w2 Tarnisn Intergranular | Jalernal otress by tube
!
HE
0
9 Hot water pipe line covered with
& 18 glass wool in cinder under the bath 122 Tarnish Intergranular Internal stress by tube
P floor drawing
o Plate type oil cooler in mercury . Stress by fastening by
8 | B | Ccontaminated sea water €87 none Intergranular screwed bolts and nuts
g8
Ic; Low finned tube contacted with soft Internal stress by cold
S 20 solder 687 none Intergranular finning operation

*CDA Alloy NO; 122: Phosphorous Deoxidized Copper, High Residual Phosphorous

260: Cartridge Brass, Cu-30%Zn
270: Yellow Brass, Cu-35%Zn
443: Arsenical Admiralty Brass
687: Aluminum Brass

706: Copper Nickl, 10%
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Table 1 ®No: 1, Fig. 2 % X ¥ No; 2, Fig. 3 ok
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Nice K30 0o RERYE UTHETE $ DB X pH
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WEOHS, ThbbERnH, CREIsNIoTh
Be BEBHBC B ANTHBE 7 2= T7HNREWNEMND
Tipd, FEEMEHEY 2 & U CHEKBRNCHE T2 5 B
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Time to failure(min)

50000F o 1
20000} /
10000 e
Y .
C -oCu-Zn
5000 :?‘ aCu-P
- -@Cu-As
2000 -ACu-Sh
-4&Cu-Si
1000k v <&Cu-Ni
o =#Cu-Al
500 r
200} I pand
100 1 i1 14t 1 | BN W i L. f 3 311y 1 Lol b tuai
0.02 0050102 05 1 2 5 10 20 50 100
Alloy element (wt%)
Fig. 1 Relations between alloy composition and stress

corrosion susceptivility of various binary copper
alloys in ammoniacal atmosphere under tensile

stress of 10,000 psi, by Thompson et al.**’

(X 100)
Fig. 2 Stress corrosion cracking of power plant condenser
tube of aluminum brass in ammoniacal steam
condensate, developing along the scratch mark

during tube insertion in condenser.

(% 100)
Fig. 3 Stress corrosion cracking of power plant condenser

tube of aluminum brass in ammoniacal steam
condensate, developing along the distritution of

internal stress by tube straightening operation.
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(% 100)

Fig. 4 Stress corrosion cracking of refinery overhead

condenser tube of aluminum brass in petroleum

condensate neutralized by ammonia.

(X 400)
Fig. 5 Stress corrosion cracking of hard drawn deoxized
copper tube for air conditioner covered with the

jacket of foamed rubber containing ammonia gas.
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SHOBBOEIERHINDOE 1 —~KREL 5 TWEDT
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(X 400)
Fig, 6 Confirmation test for aggressive nature of rubber
jacket to stress corrosion cracking, using drawn

brass tube,
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Fig. 7 Stress corrosion cracking of power plant condenser
tube of aluminum brass used in polluted sea water

containing hydrogen sulfide.
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(x100)
Fig. 8 Stress corrosion cracking of refinery condenser
tube of aluminum brass used for cooling of side

cut liquid of elevated temperature by sea water.

(x100)
Fig. 9 Stress corrosion cracking test for aluminum brass
tube by fresh water.
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Tig. 10 Stess corrosion cracking of lubricating oil cooler

tube of aluminum brass in fresh water.
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Tube &

(X 67.5)
Fig. 11 Example of stress corrosin cracking of refinery
condenser tubes of Admiralty brass in fresh water,

by Margerand et al.*®>

— 7

Table 1, NO:11, Eig. 12 X ¥ NO;12, Eig. 13i%
LRKIFRE TS v OoBKnERECH- s T v

(X 100)

Fig. 12 Stress corrosion cracking of power plant feed

water heater tube of aluminum brass,

(x100)
Fig. 13 Stress corrosion cracking of power plant feed water

heater tube of 10% cupronickel.



(181)

F &2 8 ¢ B ¥ ¥

July 1974

TRV LAEHAERS LIPS F L T = VEDE IR
HNOBZRTIDOTH - T, & dIMB IR RMN T
HHCERLBEL TS, BlRKS L OESRTHIT 5%
EHaSOHAOWELEC I, chs KPR
DISTBREFNBHLA LN TWBERERITTNTIEN %
RIU L VRBBIC s W TR ARIRN L B & 22350 20
HoNTWD, CDTEM5KERPTII IS AH
NI R ENBIRIGTIOER 2313 TH L Ml s i
HDEDEAILZLS B, 2ULT, BIBMNEC LI,
T rE=T7THEBERCITBIETERENEZ T 5\ TH
WV —FRAN BNz Cu-Ni & 4 (Ni; 30% LLF)
AVKFERFC IS W T 2 8 5 M TR s R 2 21 5
HAZE T D, MAGITERENZELTWSC
Th D,

KAIFEET 7 v b OBEERKINABRECIE= » 7 VERE
28, WhbWwihEALEZAE, BLHAVWIRTWS, #
LT, ZNSDEZ VA ZVEDORIITHEASGD HHEE %
BTHLIGNPEAMNC LS AN HN2AEL Tk
DOYDIEED A —AMEEL HBNT VWD, ERMAZ
O EREEKE X ESPE B 55 EA N 2 HE
THIDDT AN REER DT o o558, FRICHRIIL 25
STt B 5T, TRMAZANT v E=TFHOEE
REKE L CERPCB T EREN 2 LT 0 20
WEIID, EE L INE2HR Lz, ARRTHLEDOS 5
BDEHLNDN, KROWH—EMHEE— 20T s0T
HMR ootz w T 5,

2.5 KSRCHBIFBEHEEEH

HHOIGTVEARNEKREHRTET B C 2138 L DEE
CDIRUTW B, T2k A, H2 BRI 10~30kg/
mm?® OEHIGN 2L 72 Cu-0~40%Zn &4 % k0K
WHHE L2 ¢ %, Tablel, NO;13, Fig. 14 2R
TELOE, Zn BER 0% U L0611 A i e
Ul b3 L Tn 5,

Table 1, NO;14, Fig. 15 DFNTES T8 3\~ T

Cu 5Zn 102y 15Zn 20Zn

T L o65—35HME 2 5 HIMME L, BEHMmH%
HAHIeE A, BITHEFT U TWREaEhE X b Bl
U7zl Ch 5, Table 1, NO;15, Fig, 16 O#[1£65-35%
WEZRNTHIL CREABE TS F OBGTEES 234
ITIHERRTHRELIE 5, ERERIAEESE cH
NRELTWHITH B,

Zhs, 3Fli-ThERAENTH2CENIELT
WBR, BERECOWIA—2obdy - TWith, BI-#E X
REENRFEECEGBL TW, BHEEEEELEL T
BT, HBRNACEHBEBORESHLI LW DORA LR,
HHIEB B2 EENCE > TWAHA LS A 5N,

VEE N TRREHD R R R HIIC BT 2 R s BT
BT b, ZOEE Klark X2 X0 X 5 T EH
SHFTWBZ, (1) EHITAKHIE S0: 2% { (0.05~
0.26mg/m?) &t THEME TR I HNLT L, SO: 24
it (0.001~0.015mg/m?) &ieBRhH crd oKl
<, SO:2 2& ¥ 0\ L TIkR S #inE-, (2) Cu-32%
In & s Cu-8%Zn AHTRBEOT R—RcHined
W, Z DRI DB RITRERM, THDbbEERCEN
BHDZE, L TRNEEH TS, 3) o &k
ERDRHBIROUBOREL LD EDTHS 5,

Mattsson 62 kg, ¢35 5 (1) OEEFwITA v
UFETHEECEU SHMAEMAR ST RSN TR D,
o, EHNCXPECHNAELPTVWEEY, 2LT
LD EEERBHICK T DKGOFES L OBEBIAED
JeBEE N AFRDSO LB EDTHES 5 LHEEL TWAB,

Table 1, NO:16, Fig. 17 kik— {33 i
SNTWBEBOWHEMOR b SR OIE I RHh O]
ThbH, COERETITMBAMERIN Ty, WHER
PRAC L - TRIG LIz iR, BRI v &=
TEETETLINTGIERSINWZELZ 0 EHEsN
VC\(\};)ZPO

HNO:;—HNO:—H:N:20:—-NH,OH—~NH3

CHIBEE L efle LT, HHEBOBSBRERC B

25Zn 30Zn 35Zn 40Zn

Fig. 14 Atmospheric exposure stress corrosion test on hard drawn Cu-Zn alloy tubes in Osaka, 1981~1934, by

T. Tanabe.?®?
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( X 400)
Fig. 15 Stress corrosion cracking of cold drawn 65-35
brass tubes during storge in tube mill.

(% 100)
Fig. 16 Stress corrosion cracking of sugar refinery heat
exchanger tube of 65-35 brass during storage after
installation in machine shop.
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Fig. 17 Stress corrosion cracking of light fixture brass chain
in a chemical laboratory, by Fraser?*’(above), and
of 65-85 brass plate in a reproducing test, by Uhlig
et al 257 (below).
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Fig. 18 Stress corroion cracking of deoxidized copper tube
for hot water service under the kitchen floor. The
pipe was covered with jute jacket and buried in
cinder of wet condition.
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Fig. 19 Stress corrosion cracking of deoxidized copper pipe
for hot water service under the bath floor. The pipe
was covered with glass wool jacket and buried in
cinder of wet condition.
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Fig. 20 Stress (crrosion) cracking of aluminum-brass plate
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of engine cooler by molten metal (merqury).
Fig. 21 Stess (corroion) craking of low finned aluminum

Merqury has spitted out from broken manometer

. . brass tube by molten metal (solder).
into cooling sea water.
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Root Cracking in One-Side MIG Weld with Permanent
Backing Strip and the Methods for Preventing It

by Yoshihiko Sugiyama

This experiment was carried out to investigate the behaviors of root crackings in

one-side MIG weld with permanent backing strip

in accordance with JIS Z 38111968,

“Standard Qualification Procedure for Welding Technique of Aluminum and Aluminum

Alloy”.

First, the forms of root cracking were microscopically observed and then its effect on
the result of root bending test was evaluated. Secondly, the methods for preventing root
cracking were studied using various shapes and sizes of backing strips.

The experimental results showed that on the whole, root cracking occurred irrespective
of the joint designs under the Standard, welding conditions and welding positions, and that
it had detrimental effect on the results of root bending test.

Root crackings, however, could be prevented practically by using the permanent backing
strip with proper shape and size of grooves or providing the proper gap between base metal
and permanent backing strip. Though these methods were not permitted under the Standard,
when this experiment was carried out, this experiment was of help to the revised standard
which accepts to provide proper gap between base metal and permanent backing strip.

1. F U & [

JIS Z 3811—1968, “7 v i =¥ AWEERIFREC K
BRI 2 OFERE” LIXBT7 Vi =T A0
BERHREC S WTIL, 2hfh Figl s X *Tablel
WRT X O, R 7EERBO & 2EGE 6 mm)
DIRABE T % T~ EEREER* DA RENE L
LKV,

FOREEL T, BTOKAEY TR BRI
L BEEE T, Fig 2 BETRT L 51, KAZEY
TELNBHEETHEHEERBOLER L b RSB DO
W - TR BT R FEA U 2T Wil 2 gl (U
—b%h&@&c&ﬁ?é)%%ﬁétk%ﬁ%,Ch%
Wiy EHBC B L, BBRAFRACHOL TReERE L 20
MKEDTHD ENALDD,

Utehio THRITOEMBRERCS L T, ThnEBEOR
B TERECH > TWWC & 2B, %< Ot

PHENTWHORBNR T, BESEBEFTSITBWTE,

—EZIE JIS D RE U 2 & RIT ORI E S 2 B
LEdEnwiHssRond,

Z2oT, AERTCE, RTOoRERBREORIERZHTS
BiC, T2 OWTE PR THINA{EANT (8
Tk, BAERA—ELZ-TH 5T, bHHHAT,
BREAE, v—MHER, V- NEOE S 2ZEBREINEET
EDHEITIL->TWB), BAEERE B4 TRELERD
MEB T SIBEERTT, v— MENOFAREE 2T
BEE B, NHOHEN IR & OHERR
Bico DWTC, TOBOENDOFEANE Y T OFEE LI
CLo>TEDISTFESNDIL 2B L,

2. ® B F &

UTFO 2HBACDOWTER 2T -7,

D v— MR OIEALRIE 2 BT RBR & OBE

HERWE DM E s L o~k JISZ 38110 EMY (IH
FHE 6 mm @ 5083-0 &4) & U, BEY 4 yiIZlZERE
1.6mm® A5183-WY % filu~ iz, BLERHE % NaOH—HNO;

R B AH11-124(1973) 165,

HEITIEES

WERIFTO T 7O R TIE, KA O IR ZEBE OLERIR
i 5 Tbe UL, FE—THEORTR, 12& A TrRgH

THRAEBTEANY, BOBBCRAELTRAVL LV
751, BRTI - TAABLTOFEMEFEIGRRC &iZ

TERVLERE STED, TIORATES TRV &S

BIRESHAT 02T 0D T, ZREOD { @AAZEYT
2HVAHERRATO S (Tablel), 3, 0B T /AI
LTOFEEHE, BHOHLCENEFNRABD)IHZ VRN
V) 24U TH#EZKILUTV S, 72d 2, KAEMTRHA
Wio RS 2FE LS MA21A,  Sk/ARE T}”TiJEL\&L\i@A
MAZIN &tig 5,
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Number of cases

3001

[

(@)

(=)
T

100

MA11
MA12

MA13

393 _
]

w—Total number of tests -1
L] Number of fallen-in-
N [ class passes

“—Number of primary

passes
%
L
- NN = NN M - N M = N M = NM
o o~ ™~ (28] o o — o~ o — o ot o~ o~ o o oy o) el N o)
< <« < £ £ £ 00 “© o« < L <L < <€ <€ <€ <€ < <C
S == 22 2 =z = Z - - - F = = b = =
(A) MIG weiding (B) TIG welding

Fig. 1 Total number of tests and passes in 1965 to 1969 (in accordance with JIS Z 3811).
JIS Z 38111 X 2 ISHERifiiE O 1965~19694E R 2 BRI ds X OB I 4L

Total number of tests:Number of cases in which welders took the examinations.

Number of fallen-in-class passes: Number of cases in which welders passed lower class of
tests than expected.

Number of primary passes:Number of cases in which welders passed their expected class.

Table 1 Rates of primary pass in MA2 test in 1969 and 1970.
19693 X SM19704R1C 354 % 3 & 2 TRIAHE BN E O — IR &1 EK

Detils of number of passes in tests

Type Total Total Number . Rate of
of number number of Number of fallen-in-class passes primary
of of primary Ist 1st 2nd pass

test) tests passes passes —-2nd class -—3rd class —3rd class (%)
In 1969
MA21A 81 7 7 — — — 8.6
MA2IN 10 — — — - — 0
MAZ22A 72 28 22 6 —_ — 30.6
MA2ZN 9 8 7 1 - 88.9
MA23A 70 73 46 — 15 12 65.7
MA23N 4 7 2 — 2 3 50.0
In 1970
MA21A 146 70 26 27 17 — 17.8
MA2IN — - — — — - —
MA22A 118 85 58 — - 27 49.2
MAZ22N 6 3 —_ — — 50.0
MAZ23A 66 47 47 — — — 71.2
MA23N 5 1 1 - — — 20.0
In 1969 and 1970
MA21A 227 77 B 33 27 17 — 14.5
MAZ2IN 10 — — — - — 0
MAZ22A 190 113 80 6 —_ 27 42.1
MAZ2N 15 11 10 1 — - 66.7
MAZ23A 136 120 93 — 15 12 68.4
MAZ23N 9 8 3 — 2 3 33.3
Total 587 329 219 34 34 42 35.5

1) A or N in the end means test panel with or without permanent backig strip respectively.

— 9 —
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| ;
Root cracking ©
T }
Permanent backing strip ©
<8ending test should be done>
after this strip is removed. l
25
Pig. 2 Shematic diagram showing root cracking encountered

in one side MIG weld with permanent backing strip
in accordance with Type MA2 Test in JIS Z 3811.
SRATEN T % IR L AR R S s v — Miih
DM

(JIS Z 3811, 7 2 WERHEIC X 258D

B A ASEESE S L N, BRTA LS, HnoFE
HEREE &SRB FA N o iR B & ORI I & s BAR SRR
D ENEMN - TcDT, T CTRIBEREOTRE2EBT S,
TSR VL, BRI, THROBE ALV L D ERER
1T RRMT B LT > TWAHN, TR 1IHD
vsEE S FOVOIREAE & b With TR DA 2T o 2R

WL, BEOFECH > THIHITRBR 2L »7c, F/oKiE
B aovi s 3y o AR 2RILL Ty — MO
FAIRE 2B L, V— MEN EHhTEBRER 2 OB E
EL Ve

2) M TORWEB IR E OV~ M & OB

FRo%ER L ART, HRAROMER JOJEEJIS Z
3811 OMEER Y LU, EHY 4 YIZEEZLOmmODA
5183-WY % vz, HLEURORTILER & LEIEE &Rk T
% 5o '

AR o B T O &R L O ER L 5 M
B SIERR 21855 L € Table 2 10k e, K, ALK
Tk, BEBERBOERT Y > TETFBRER & X b ER
LS OUTR M IS B WL DI, BRI T NTT
MOAEL, 1803 7 1REXEZNEHEROEEZTT
PAQEY ol

CDXBEUTHESNIEEE 2 VOBENE XD B
R 2 MR RILL, BEOTTECRE - THURER %

Frews, REBEFHECEATARMG (v— r8h) OFE®
iﬂ&fCo

Table 2 Shape and size of backing strip and range of welding conditions.
BT HIEIR B L Ok 6 IR BRAEIR
Shape and size of
Type of backing strips(mm) Root Welding Arc® Welding
Mark backing Thickness Gapl) or opening current voltage speed
strips X width x depth (mm) (A Q) (cpm)
width in groove
1 As specified 6% 25 0 4 D240~260 28~30 53~64
in the Standard ®220~240 28~30 38~43
- 240~260 28~29 47
Keeping gap 625 0.5 4 230~240 29~30 33~87
between base 2, 1.0 2, 220~240 28~29 39~43
metal and : 220~240 29~30 33~35
2 flat permanent » 1.5 P Not Not Not
backing strip : measured measured measured
7 2.0 7 7 7 7
6% 95 5%0.5, 4 240~250 28 47
Square groove 210~220 28~30 35~36
, 5% 1.0, » 240~260 28 45~50
7 Squae groove 220~230 28~30 37~41
» 5%2.0, p 230~240 29 43~45
Square groove 210~220 29 36~38
Permanent P 10%0.5, ” 250~270 28~29 51~53
3 backing strip Square groove 220~240 29 29~33
with groove o, 10%1.0, » 240~250 28 50
! Square groove 210~220 28 29~31
” 10%2.0, P 220~230 28 39~43
Square groove 200~220 28 26~27
P 6x1.0, ” 240~260 29 37~47
Round groove ®210~230 29 26~31
P 6x2.0, P 240~260 29~30 39~45
Round groove 210~220 29 31~33
£t %25 0 4 240~260 29 50~53
(t:2+4) 210~230 29 32~43
4 Double tx25 0 P 240~260 29 56
permanent (t:34+3) 210~230 29 37
backing strip tx25 0 P 240~260 29~30 50~53
(t:2+3) 210~220 30 32~39
210~220 28 45
2x25 0 3 210~220 28~29 37~43
210~220 28~29 37~43
Thinner 3x25 0 4 220~230 28 45
5 permanent 210~220 28 27
backing strip 4%25 0 7 220~250 29 43~47
210~220 29~30 29~32
5% 25 0 7 250~260 29 56
210~220 29~30 29~35
‘Temporary copper 12%1.6 ®230~250 29~30 43~60
6 backing with Square groove 0 ®200~220 29~30 d1~43

groove

1) Gap between base metal and permanent backing strip
2) Measured between output terminals of power supply.

Remarks: - Groove angle: 70°, Root face:.None, Flow rate of argon gas: 25 lpm, Welding position: Flat position, Torch manipulation: Ist

pass by string bead; 2nd pass and*more by weaved bead

— 3
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3. R B OB R

3.1 — PEhORAIREE & BEik(FHER & OBR
KB R 2R DRNT, 3 9REENC X B AR O Wi
< 7wl O —Bl 2 AN L & I Fig. 3 )WRT, B
K6 MSEhE X5, WTFNOEERS < 7 o I
WERLahD, 5B, ChEOBEERITIIEAYDOHR
BT 2 7 e gicidor — M EINASE S 5 iz,
DERKHEIBBEIEER T L D18 6 NI IEE AV DRE
BrEIC 351 200 — P EINOTAERE L 2 DE & % Table 3
R, RIS SIERE NEBEOBEHE <X Vv 2IERL,
ENENV— MERZEET A L & L ICE OIS RR
TS o 1e i, B FVEOBNOFEERETII & A
EZERPIE D - 72D T, Table 3iidov — b N D FELER
M7 1 ROHERC > TORKREZU - TRES S,

¥, HNOBHIEER O PR R RBMBHEEIT X 5 72,

(A) Flat positicn
Ist pas s 260~280A, 28V, 45cpm
2nd pass 220~230A, 28V, 35cpm

(C) Horizontal position
Tst pass 280~290A, 28V, 37.5cpm
2nd pass 200~220A, 25V, 45¢cpm
3rd pass 200~220A, 26V, 45cpm

Table 3 &= XiuiE, TXTOBERE FVIZBEEIR, &
Bt (JEEBW LD RLD) BLXOBELSHCI LAY
B, EMTLEBEGBORER Ov— ) L bEHE
SR - T2 Ov— bR BRETTWS
LERbhb,

NS DHENEZDOFIIZ L »T

DY LS CEESBENEBIEA -7 s D

i S TR kAEY THOBEGRIMICA-2E

»

i) BEAKFEAACEEGBRARICA -7 D

vi) BN S RABIC ALz & D
EAFHLENTEDN, PTE D Bd-e3FHED
TW5b,

HNOEIFEWSOTILmm 2 FRET B, K

WX ImmE T TH 2,
UL, WHETH L,

s ofhofhe, i) &

(B) Vertical position
Ist pass 240~250A, 25V, 50cpm
2nd pass 190~200A, 25V, 32cpm

(D) Overhead position
1st pass 270~280A, 26V, 50cpm
2nd pass 220~230A, 25V, 35cpm

Fig. 3 Typical cross-sections of welds with permanent backing strips in all welding positions. (X4X7/,,)

BIRBRINT L B ATEM TR D TS BT oD < & o KL
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Table 3 Positions and lengths of root crackings observed in the transverse cross section of one side MIG weld

with permanent backing strip.

AATEST % FO T 2 2R EETE IS 50— DN OFAEME L DR

Mar;k Positions and lengths of root crackings(mm)?>
(o]
: Flat Vertical | Horizontal Overhead
specimens®) position position position position
1 0 0 0510 0.510 0 0
0.8 0.5 0 0.5 0 0.5 0.5 0.5
0 0.6 0 10.4 0.6 10.5 0.8310
2 ~0.5-|v —|~0.4~
0 1o 0.21 0 0 0 Y
0.410 0 0.3 0 0 0.5]0
3 -0.7-1-0.5~ ]
0 1o 0 0 0 0 0 1o
0.210 0 0 0.5 (0.3 0.210
4 — 0.3 —|—
0 0 0.81 0 0 0 0 0
0.5 10.5 051 0 1.3 0.5 0.8 0.6
5 — o 0.9 1.2~
0 0 0 0 0 0 0 |0
6 0 (0.3 0.4 0 0 0.5 0.3 |0 5
o Lo o0 jo o | o 0 lo
0 0.6 1.2 0.7 1.0] 0 0.6 11.¢
7 ——i-1.0- _
0 0 0 0 0 0 0
0 0 1.5 1.5 0 0.6 0.2 10.2
8 -1.0-—— B =0.6-}—o JE
0 .7 o0 0 0 0 0 0

1) Mark of specimens correponds to the different operator.

N
[@P-d
ow

:

m o >
jw)

2) Positions of root crakings are as shown in the figure. Figures in the table show the lengths of root cracking measured in the

transverse cross section of weld.

Xt iil) OEOEIAVTEE AN BRI L v, B
ETE, BRAOESIXEMINALHRMOES LD b
0.lmm 2#A THETTHESRW] CEEE ST
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HBAORERZHREINDTLE DD 550, HhoE
IR0 Imm 2B A BTSN, RIBEREBA T
NHRNET B LT B,
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e T e — ok — v B 2T, EIRA-IIHER S
HI7n—k—RRONE, B-1Ix—R, BILBOBAAL
PROEDH L3RBT 2L T, Hivdw— b
bIEE SR B X OUKER RO ZFRICAEL Tn
Bo B-28 L0 C-2 Mz sihofl<c, i C-11k
Lk A-2EEL T, ST e —k—-VD X
5 1T B 5 T B ’

COEDON— MEHNRERhO—ET, 825617
A#E o MEBEROMN AR EESY T X TETDE
DTH5H,

s, Fig BRI 5 2sigov— b EINOELE U o~ g
WO—Fl 278,

Table 4 (% k3R> Table 3 KR U= N2V 5%
2T REB T 2 RILL, BRERE - TH R RE,
HINTHEBR 2T - ER2PR LD TE S, BT LR
TR BT A EBENE L BN &b s, &
LU BORETONED B Wikl BB OB O Xm
U Livd, 2 OFEIE T m o~k — o PRl

ERER EDO—RN R BEBRIGCH DD TERIE L, kD
W NEINW BT ERPS 0 Th Do

Fig 6 wiv— o WD X - TEBTHRRTRE
¥ &g o 1B O—fl 2R T,

Isis, BEWTH CEE LV — SN ORERE (Ta-
ble 3) *HEAMFEBFER (Table 4 &AL U & Wik
UTWiWwold, E& U THNOBENE & iR O
BRI BRRILE DD Th b,

A L v — RIS BRI BB R & OBR
PHLAETHTE, ILREZLOBEBAEC LD, v—1F
N BRI E OBE 2 RETBANERD S 5 N
Table 4 DOFEER2 SHNTWAKE, TR >, #A>E
MOMEC AHBERREN, CHIFEBBEETBTIE, T
AEEL D SARENC L Y EEOEENERIND L LT
LB DTHB 5,

3.2 BLTOBBLUBREL—PEM L OBR

HEOHBRITH LT, UTOX 5/ EOTM T2
WOREEE T SRR, BONAEE SR VLR
FEOBHITRETH 2T o2 REBL, hiyBBR252 -
726

D JIS Z 3811 OMERD OAAEYST (Fi# Fig. 2

ZR)
i) H#EKAEYTORI 0.5~ 2mm OB 2%
%

iii) BN EAAEETURS ~10mm, #EX 0.5~2mm)
iv) ZEERAAEMT@+H4mm, 3+3mm, 2+3mm)
V) HWPERAAEMT (Ei2, 3, 4, Smm)

vi) B R HRIEN T (FE12mm, #E31.6mm DA
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(A) Fiat positon
1st pass 240~250A, 26V, 50cpm
2nd pass 200~220A, 27V, 30cpm

(B) Flat positon
Ist pass 240~260A, 27V, 45cpm
2nd pass 220~230A, 27V, 34cpm

S

(C) Vertical position
Ist pass 240~250A, 25V, 50cpm
2nd pass 190~200A, 25V, 32cpm

Fig. 4 Typical photomicrographs showing root crackings in welds with permanent backng strips. (X100X7/1,)
FATEM T % B2 BRI AL o #ino T 7 o ARG
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Fig. 5 Microstructures of weld with permanent backing strip in which root cracking was not

observed. (X100X7/10)

Flat position 1st pass 260~280A, 28V, 45cpm
2nd pass 220~230A, 28V, 35cpm

V— MEIN 2 B E IR AT

Table 4 Result of root bending tests (corresponding to
Table 3).
W RBRESE (Table 3 wxhs)

Mark Result of root bending tests®
of
secimenso Flaf  Vertical | Hozomal  Overhead

1 A X O x X % A X
2 O A O % X X X X
3 O x X X O x X%
4 O O X % O x X %
5 X X A X O x X X%
8 XX X X X X X X
7 O x O A X X X X
8 X X X X O A X X

1) Mark of specimens corresponds to the different operator.
2) O:Passed

A : Indistinguishable
% : Failed

Fig., 6 Typical root bending specimens after test showing
openings between base and weld metals caused by
root crackings.

V= MEINIT & 5 TR &SRB OB SO U 7ok
BT EEF OF
1T BB 2 4645 LT Tables 1R,
FREFNOELTITWE LT, il BB Ol D 23R —
TRBH BN T, B SN T 2 AW BRI T,

TRPOTIEHERD T 2 ok

Table 5 Result of root bending tests.
Bl AR

Shape and size

Type of of backing strips(mm)
Mark backing Thickness Gap!) or Result of bending
strips X width x tests®)
width  depth in groove
1 As specified in 6% 25 0 (OOOOOOOOA
the Standard KK XXX
QOOO00000A
. 625 0.5 (%
gap between ” 1.0 (OOO
o Dbase metal and : OO0
permanent ” 1.5 (OO
backing strip . Q0
" 2.0 (8533
O000
5x%0.5, Q0A
6x25 gqtlxage groove( X
x1.0, x X
K Square groove(x X
, 5x2.0, ( X X
p ’ Tos, £ 8800000000
ermant x 0.5, AN
3 backing strip 7 Square groove( X
with groove ” 10%1.0 (OOOOOO
Roiars, Eroove 18888680000
%2.0,
’ gqtlxaore groove( 6 6 0000
x1.0,
’ Round groove (OOOOOA
s 6x2 (OOOOA
Round groove \ X X X ¥ X x X
Double (ttgfis 0 (g)x X
4 Dermanent tx25, 0 (OO
backing strip (£:3+3) X X
tx25, 0 (OO
(t:2+3) AKX
2% 0 (%%
Thinner X X
5 ger{{nanent 3% 25 0 ((x) x
acking strip N
4x 2 0 (D
5%25 0 (Q©
Temporary copper
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(A) Gap: 0.5mm
Flat position 1st pass 230~240A, 26~27V, 56cpm
2nd pass 200~220A, 27V, 32cpm

(B) Gap:tmm
Flat position 1st pass 230~240A, 26~27V, 45cpm
2nd pass 200~220A, 27V, 34cpm

(C) Gop: 2mm
Flat position 1st pass 230~240A, 26~27V, 31lcpm
2nd pass 220~220A, 26~27V, 3écpm
Fig. 8 Cross sections of welds with permanent backing
strips having different gaps between base metals
and backing strips.
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Sumitone

Integral-Color Anodising Process

1. Introduction

Tt has been exactly ten years since Sumitone,
an integral-color anodising process, was first
patented and commercially produced by Sumitomo
Light Metal Industries, Ltd.’ In 1964 Luilding
trends were moving toward the curtain-wall type
of construction; and in this field, aluminum had
several advantages over other materials. It is light,
easily fabricated, and can be colored by using the
anodising method. Integral-color anodising was
also the only process available that could protect
the aluminum surface to insure that it would
maintain its original appearance as long as the
life of the building.

Integral-color anodisings are ” distinguished by
the electrolyte employed. These electrolytes
consist mainly of sulfonated organic-acids such as
sulfosalicilic acid(Kalcolor)?® and sulfophthalic acid
(Duranodic 300),® but recently carboxylic acids have
also been used as electrolytes because of their low
cost, e.g., Alusuisse’s Permalux,® Riken Keikinzoku’s
KOS process® and the INNOVA process.® The
INNOVA process has been especially noted because

electric chemicals and

it saves power,
anodising time. Electrolyte consumption and price
are both critical factors to be considered when
introducing an integral-color anodising process.
Immel et. al. point out that maleic acid converts
to fumaric acid (isomer of maleic acid) even
without electrolysis; and that

bath, succinic acid and malic acid are also produ-

in a practical

ced.” It is relatively difficult to preserve the con-
centration and composition of an electrolyte con-
taining such acids. Therefore, the process must
include a reliable technique for controlling the
electrolyte in order to obtain stable color mat-
ching.

The aluminum fabricating industry in Japan has
worked vigorously to lower the initial selling price.

*Research Dept., Dr. of Eng.
*kResearch Dept.

by Shiro Terai,* Toshio Suzuki**

and Yoshikatsu Hayashi**

This effort has resulted in the development of
many kinds of anodising processes for coloring
aluminum and has succeeded in reducing the cost.
Among these new processes, electrolytic pigmen-
tation has now become the most popular technique
in practice. Through this process, an anodic film,
produced in the usual manner, is dyed in an acidic
bath containing heavy metal ions with the help
of alternating or direct current.

The discharge of wastes during the cleaning,
etching, anodising and coloring stages has recently
posed an awkward problem for the anodisng indu-
stry. These wastes, often high in relative volume,
but low in toxic chemical contaminants, are
generally weak acidic or alkaline. However, wastes
that frequently contain a high proportion of toxic
metals, both in solution and suspension, are pro-
duced while electrolytic pigmentation coloring is
being applied.

From our experience we have discovered that
the corrosion resistance of anodised materials
that
the thickness necessary to give complete protec-

incrases as the anodic film increases; and,

tion depends upon the alloy which is chosen.

In Japan’s highly corrosive industrial atmosphere,
integral-color anodising processes for building
materials are especially valuable for architects.
The method for producing protective and decora-
tive coatings by the Sumitone process is described
here.

2. Problems of conventional integral-

color anodising processes

The specific advantages of the integral-color

anodising processes are as follows:

(1) It gives light-fast colors to aluminum without
a separate dyeing operation.

(2) 1t offers the users various tones ranging from
tan, amber and bronze to gray and black.

(8) The coatings produced are highly resistant to

corrosion and abrasion.
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However, most anodisers in Japan have not
adopted this type of operation because the integral-
color anodising processes cost more than other
conventional anodising techniques. The electrolyte
is very expensive and consumed fairly rapidly. In
addition,

densities employed result in a proportinately higher

the very high voltages and current

cost of production. Finally, the colors produced
are often not so uniform throughout the treated
piece and impede productivity.

The measures which have been taken to reduce
the cost of the Sumitone procss are outlined below.

21. Preparation of the electrolyte

The Sumitone process employs a special electro-
Iyte consisting essentially of an aqueous solution
of 10 to 15 percent by weight of p-phenolsulfonic
acid, plus sulfuric acid. This electrolyte is produced
easily and cheaply by diluting a sulfonation mix-
ture after simple purification. When sulfuric acid
reacts with phenol, several substances may be
formed depending on the time, temperature, acid
concentration, and ratio of acid to phenol emplo-
ved. Although sulfonation is practically completed
after 4 hours in each case, the most common
practice involves a treatment of about 8 hours. In
general, the temperature is kept at about 95 to
100 °C. When the ratio of phenol to sulfuric acid
is 1:1, it is theoretically possible to produce a
of almost 90% p-phenolsulfonic
and not more than 10% sulfuric acid and phenol.

solution acid,

The concentration of free sulfuric acid is cont-
rolled by diluting the reaction mixtures.

The free-phenol present after sulfonation, which
never amounts to more than 10 percent, can be
separated by the following purification methods:

1st stage: dilution by addition of an equal amount

of water

2nd stage: extraction by cheaper solvent

3rd stage: adsorption by active carbonblack

After the puritication described above, the dis-
appearances of phenol perfume will confirm that
no free phenol remains in the solution. The mix-
ture usually consists of 50% p-phenolsulfonic acid,
5 9% sulfuric acid and water. Optimum composition
of the electrolyte for the Sumitone process is
obtained by diluting this mixture 4 times.

2.2. Bath maintenance

During anodising the aluminum content increases
in proportion to the surfaces treated, but the

conductivity of the electrolyte can be maintained
by regular purification similar to that in the d.c.
chromic acid process. As the aluminum concentra-
tion increases, the conductivity of the electrolyte is
lowered. The anodising operation is affected be-
cause peak voltage is reached in a shorter time
and a longer time is required to achieve the
thickness of the anodic film. When the aluminum
content rises to as much as 5 to 7 g/l, the bath
must be regarded as exhausted and requires
renewal. Our experimental results showed that
the anodic film produced in a new bath, e.g. one
with an aluminum content of 2 g/l, differs ap-
preciably from that produced in an old bath with
an aluminum content of 7 g/l with regard to the
uniformity of color, the hardness and the thickness
of the film. Reproducible anodic films can be
obtained only by employing the electrolyte of the
same conductivity and the same aluminum content.

Therefore, continuous bath regeneration is requ-
ired to control the amount of dissolved aluminum
in the electrolyte. This can be accomplished by
exposing the electrolyte to a suitable cation-
exchange resin, preferably in the hydrogen form.
The aluminum dissolved in the electrolyte reacts
with p-phenolsulfonic acid forming a kind of
aluminum chelate, aluminum phenolsulfonate.

This reaction removes free p-phenolsulfonic acid
from the electrolyte and lowers the conductivity
of the electrolyte. When the old bath containing
aluminum phenolsulfonate is exposed to the
hydrogen form of the cation-exchange resin, the
aluminum replaces the hydrogen in the resin and
the hydrogen replaces the aluminum in the
phenolsulfonate, forming free phenolsulfonic acid,
which ‘is returned to the electrolyte flowing
through the bed. After the desired amount of alu-
minum is removed from the electrolyte through
the resin, the aluminum is removed from the
resin by passing a suitable acid, such as hydro-
chloric acid, through the resin. The acid combines
with the aluminum and reconverts the resin to
the hydrogen form.

It has been found that the consumption of the
p-phenolsulfonic acid in the electrolyte is thorou-
ghly reduced and that operating conditions of
anodising treatment can be kept constant to give
reproducible results. The most suitable resin is
that made of hydrogen form of a strongly acidic
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sulfonated co-polymer of styrene and divinylben-
zene which is sold by Mitsubishi Chemical Compa-
ny as “SKI-B”.

23. Operation of the Sumitone process

The depth of the color depends on not only the
film thickness but also the anodising conditions.
The operation of the Sumitone process is generally
similar to that of the sulfuric acid anodising
process. The main differences are the electrolyte
and the higher voltage applied. An electrolyte
consisting of 12+1% by weight of p-phenolsulfonic

acid and 1+0.25% by weight of sulfuric acid
recommended.

is

The presence of small amount of sulfuric acid
results in a steep drop in the forming voltage.
The lower the concentration of the sulfuric acid,
the higher the forming voltage. If the forming
voltage does not rise as the film- expands, it
means that the concentration of sulfuric acid is
too high to produce a deep color. Figure 1 shows
that the forming voltage decreases as the con-
of and
that it is extremely sensitive to changes in con-

centration sulfuric acid increases,
centraion as small as 0.5 g//.

Higher current densities (and higher applied
voltages) lead to higher power costs and require
more agitation to avoid local overheating of the
work. Deep color films can be produced at rather
lower voltages by the following methods:

(1) Current density cycle

The current density must be raised gradually
because switching it on suddenly may cause
burning. The current density is raised gradually
1A/dm? then
held constant at 1A/dm? for the next 5 minutes.

Following this, it is raised slowly to 2.5A/dm?2

from zero to for 1 minute,

over the next 1 minute, and kept at this current
density until the voltage reaches the value shown
in Table 1, and then kept at this

voltage” for the remainder of the specified ano-

“Maximum

dising time. This cycle requires lower voltages
and produces good color uniformity without bur-
ning.

(2) Super-imposed wave,

It has been found that the anodising conditions,
namely the current density cycle of d.c., can be
controlled easily by using a.c. superimposed on
d.c., because no sharp rise of the forming voltage

occurs while growing the film. The a.c. component
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Fig. 1 Effect of addition of sulfuric acid on forming

voltage.

in the Sumitone process serves primarily to raise
the allowable d.c. current density without burning.

Super-imposed a.c. is essential for Sumitone
anodising when the three-phase all-wave rectifier is
used, but not when the single-phase all-wave
rectifier or three-phase half-wave rectifier is used.

The magnitude of the a.c. component require-
ment does not vary with the alloy composition
and is maintained at a constant level.

In this process the deep color films are pro-
duced by using a starting voltage of 25 to 28 volts
at 2.5A/dm? from which the voltage is gradually
raised to between 45 and 60 volts.

In operating the Sumitone anodising process
with a.c. superimposed on d.c,, the figure of the
superimposed wave must show a satisfactory
ripple. Figure 2 shows the typical figure of a
superimposed wave,

Because of the use of the complex current
the

arrangements for making the power plant auto-

density cycle and superimposed wave
matic are fairly difficult. However, special power
units (rectifier plus transformer) have been de-
veloped which control current density automati-
cally. These units have been equipped with a

timing device to suit the cycle employed in Japan.
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Table 1 Sumitone process variables used to produce color on aluminum alloys
Sumitone AA. Type pf Norm‘a} g:rrlgftr;t h{;ﬁ:;‘ém an’}?‘?l‘ic\:ilng Colgr o.f
nomenclature spec. material composition (A/dm?) (V) time anodic film
(min)
Sumitone 10 1100 | Sheet & 1 99.0%A1 } 2.5 l 45 1 50 \ Tan
Sumitone 30 s003 | SPeet & 1 ard.o9Mn | 25 | s | 50 | Charcoalgray
Sumitone 40 4043 | Extrusion | Al-5%Si |25 | 50 | w0 | Gray
Sumitone 41 4043 Sheet Al-5%Si 2.5 - 50 50 Gray
Sumitone 50 5052 Sheet Al-2.5%Mg-0.25%Cr 2.5 45 ’ 50 l Amber
Sumitone 60 6063 Extrusion Al-0.7%Mg-0.49%5Si 2.5 45 50 Amber
Sumitone 80 Sheet Al-Mn-Si 2.0 56 50 Black
Sumitone 81 Extusion | Al-Mn-Si | 20 55 5 | Black
Sumitone 90 Sheet & | Al-Zn-Mg | 25 40 50 ZG-Bronze
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Fig. 2 Typical figure of superimposed wave.

2.4, Color matching

The most important factors to achieve correct
color matching after the Sumitone anodising are:
(1) Alloy (for Sumitone)

The alloys employed in Sumitone process are
basically the same as those employed in
conventional processes, such as Alcoa’s Duranodic
Ho-

wever, the surface conditions and metallurgical

and Kaiser Aluminum’s Kalcolor techniques.

homogeneity of any alloys produced for anodising
purposes should be carefully controlled. Differences
in temper have some effect on the degree of
etching and can cause differences in appearance
after anodising. It is necessary to test samples to
be anodised from each production before Sumitone
anodising.
(2) Pretreatment

Pretreatment conditions should be carefully
controlled in order to give a uniform appearance
before anodising. If uneven appearances occur in
the etching stage, it will be very difficult to
achieve correct color matching after anodising.
(3) Sumitone anodising
in the
film thickness,

The important factors to be controlled
anodising process are as follows:
anodising temperature, current density cycle, ele-
ctrolyte concentration and aluminum content of
the electrolyte.

(8) Anodic film thickness

The depth of color depends directly on the
thickness of anodic film. The color becomes
darker as the film thickness increases. The amount
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of total current (AXtime) passing through the
electrolyte should be carefully controlled by A-H
meter in order to avoid differences in anodic film
thickness(preferably within 1 micron). This means
that the magnitude of the a.c. component should
be kept constant and that the current density
cycle of the applied d.c.
adjusted.

should be carefully

(b) Anodising temperature

The depth of color also depends on the ano-
dising temperature. The color becomes darker as
the anodising temperature is lowered. This requires
an efficient cooling system with refrigeration
equipment.

(¢) Current density cycle

This already been described in 2.3.

(@ Electrolyte concetration

This has also been described in 2.2.

(¢) Aluminum content of the electrolyte

This has also been described in 2.2.

The concentration of dissolved aluminum dur-
ing anodising operations is calculated as follows:
With a tank having approximately 30m?® capacity,
approximately 10,000 amperes are used. Thus, in
an 8-hour period, a total of 80,000 ampere-hours are
utilized. Aluminum dissolves in an electrolyte at
a rate of about 0.088 g/Ahr.

At this rate, after an 8-hour period, 80, 000 x0.088
grams of aluminum are dissolved in the electrolyte.
If the dissolved aluminum is not removed by a
cation-exchange resin, increased aluminum content
will produce slightly darker colors after anodising.

3. Properties of Sumitone anodic films

3.1. Structure

Film structures vary according to the compo-
sition of the electrolyte and the nature of the
current used for anodic oxidation. It has deen
found that the use of a.c. superimposed on d.c.
particulary alters the structure of anodic films
formed in P-phenolsulfonic acid on various
aluminum alloys. Figure 3 shows the electron-
micrographs of cross-sections of colored anodic
films produced by the Sumitone process. No regu-
lar cylinders can be recognized. As a result, the
films seem to act as a kind of optical absorbent.

3.2 Hardness

If a much higher current density is applied,

Fig. 3 Electron-micrographs of cross-sections of colored
anodic films produced by the Sumitone process.
(a) Al Zn4.3 Mgl.5(bronze)
(b) Al Mg4.5 Mn0.65(black)
(¢) AlMg Si0.5(Amber)

thicker and harder films are formed. Figure 4
shows some comparative figures for the micro-
These
figures indicate that the hardnesses of the Sumi-
tone anodic films always exceeds 400 Hv and do

hardness of different aluminum alloys.

not differ perceptibly over the entire cross-sections
of the anodic films. The regular prismatic micro-
structures also demonstrate an even growth of
the hard oxide films.

3.3. Abrasion resistance

In addition to their high degree of hardness,
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Fig. 4 Micro-hardness of cross-sections of colored anodic films produced by e Sumitone process.

(a) Al Zn4.3 Mgl.5(loadb0g)
(b) Al Mg4.5 Mn0.65(load25g)
(c) Al Mg2.5 Cr0.2(load25g)

colored oxide films have a high abrasion resista-
nce. The abrasion resistance is defined in JIS H
8682-1973 as the length of time it takes for films
to be destroyed when silicon-carbide abrasive-
material is dropped on them. The specific resis-
tance to abrasion of colored film indicates that
they are several times stronger than films pro-
duced by ordinary sulfuric-acid anodising.. The
best protection against abrasion is obtained by
using thick oxide films produced on aluminum
alloys which contain a low alloying element at
lower temperatures.

34. Crazing

The oxide film is strongly bonded to the base
aluminum, but owing to its brittlenss and small
coefficient of expansion, it easily develops crazing
when bent or sealed. The tendency toward crazing
increases somewhat with the temperature of the
anodising bath and decreaes by increasing the
alloying elements.

The presence of crazing leads to poor corrosion
resistance when films are exposed to a highly
corrosive industrial atmosphere without maintena-
nce, but crazing has practically no effect on the
corrosion resistance when maintenance treatment
is performed at regular intervals. Figure 5 shows
the presence of crazing on the sealed Sumitone
anodie film. Figure 6 shows the cross-section of
anodic film with crazing, in which no crevice has

been formed.

35, Fading resistance

The details of the mechanism of coloring have
not been clearly determined. In the Sumitone
process, however, it has been assumed that the
color is introduced into the anodic film as follows:

The composition of the electrolyte reacts with

aluminum or alloying elements at the barrier layer
of the anodic film during the anodic reaction and
forms various chelating chemicals. Or, alloying
elements contained in the aluminum, such as
manganese, silicon, chromium and iron, produce
intermetallic compounds which are entrapped in
the film as it grows. These chemicals and alloying
elements incorporated in the anodic film are very
stable under light and light-fast, unlike films

colored by organic dyes.

Fig. 5 Crazing of Sumitone anodic film on sealing.

Fig. 6 Crazing of Sumitone anodic film on sealing (cross-

sectior)
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Table 2 Chemical analysis of the dirt collected in Tokyo area (wt%)
Sample Cu \4 Na SO, Cl- NO,;~ NH,*
A 0.09 0.02 0.62 10.70 1.32 0.60 0.36
B 0.05 0.02 0.55 11.36 1.01 0.21 0.28
Al Fe Si Mg Zn vV Ni Cr Pb Ti Cu Ca Mn Cd Sn As
i H Very + -+ + + + + + + -+ + =+ =+ —

(1) Elements Cu~NH,* were detected by spectro chemical analysis.

(2) Remarks:ilivery strong; #strong; #moderate; -+ present; 4= present but not clear; —not detected

Figures 7 and 8 show buildings after 10 years
exposure in an urban/industial atmosphere. Color
fading is véry slight.

3.6. Corrosion resistance

The Sumitone process produces thick and dense
anodic films that are highly resistant to corro-
sion. However, it is important to realize that even
if the anodic film is successful in an alkali dro-
pping test such as that described in JIS H 8681-
1973, the anodic film is useless it offers satisfac-
tory protection for architectural and building ap-
plication. films with large
thickness which are properly sealed are most
practical. The protective properties of anodic
films can be enhanced considerably by coating
their surfaces with organic substances such as
acrylic resin. The smaller the chances of penetr-
ation or contact with moisture and corrosive che-

Therefore, anodic

micals, the more effective is the protection pro-
vided by the organic coating.

In a recent analysis of dirt sticking to the
surfaces of anodic films during outdoor exposure
in the Tokyo area, rﬁany dissoluble chemicals
especially sulfate, have been detected as Table 2
shows. It has been found that pitting corrosion
and blooming (a white discoloration appearing on
the anodised surface)always occur on the sheltered
underface of a building and on the many surfaces
where dirt These surfaces are
adversely affected because moisture condenses
from drains

accumulates.

and absorbs
chemicals from the dirt.

highly aggressive

On the other hand, accumulations of dirt are
easily removed from the outer surfaces of a
building by the action of wind and rain, so the

Sumitone anodic film offers good protection.

Therefore, it is very important to prevent the
accumulation of dirt on the anodised surfaces by
periodic washing with water or neutral detergent

solution.
4. Summary

The Sumitone anodising process provides a
colored oxide film which is hard, light-fast and
higly corrosion-resistant. The cost of operating
the integral-color anodising process is said to be
high in comparison with ordinary sulfuric acid
anodising. However, in the Sumitone process, costs
are reduced because a relatively inexpensive
electrolyte is employed. The electrolyte is never
actually consumed because it is continuously
regenerated by the ion-exchange method. These
techniques and the application of lower voltages
made possible by the use of a.c. superimposed on
d.c. and the current density cycle, serve to lower
the cost of production in comparison with other
integral-color anodising processes. The bath does
not require removal so exhausted and effluent

treatment is not so difficult.
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Fig. 7 Appearance of building after 10years exposure,
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Fig.8 Appearance of building after 10vears esposare

[Hireshima bank bullding in Nagoya
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Introduction of Nippon Trailmobile-

Pioneer in a New Transportation System

for a New Age.

by Yoshimune Shimizu, Yukiharu Nakagawa, Mitsuru Kaiya

and Masatoshi Yabe

Anticipating and replying to a new demand for transportation system in manufacturing
and sales field of van trucks, trailers, containers, and etc., Nippon Trailmobile Co.,Ltd. was

established in August 1964,

It has contributed greatly to revolutionizing transportation system as a leading pioneer
in the world as well as Japan with an exhaustive research and development program under
a technical tie-up deal with A Trailmobile Division of Pullman Inc. of the United States of

America.
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