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by Makoto Andoh

For adhesive bonding, 1050 —H24 and 5052 —H34 aluminium alloy sheets were treated by the
following process; degreasing, caustic soda etching, sulfuric acid anodizing, phosphoric acid ano-
dizing, chemical conversion coating and FPL etching. And then, these sheets were bonded together,
using nylon/epoxy powder adhesive (curing condition: 200°C X 10min).

Caustic soda etching, sulfuric acid anodizing and phosphoric acid anodizing exhibited a higher
adhesive strength. The lower strength was obtained with degreasing, chemical conversion coating
and FPL etching. But primer coating improved the adhesive strength on chemical conversion coat-
ing and FPL etching. In the case of sulfuric acid anodizing, the adhesive strength increased at the
anodic conditions which enlarged the pore size of anodic oxide film. But, adhesive strength with
phosphoric acid anodizing was not influenced by the anodic conditions. These results could be ex-
plained by the anchor effect of the adhesive or primer into the pore.

To estimate of the durability of anodic oxide/adhesive bonds, the bonded specimens prepared
by sulfuric acid anodizing and phosphoric acid anodizing were placed in a salt spray chamber and
a humidity chamber held at 80°C and 95%RH for 30 days, respectively. After the durability tests
the adhesive strength was measured. Sulfuric acid anodizing had higher durability than phosphoric

acid anodizing in adhesive strength after the environmental exposure tests.
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peel strength.
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Table 1 Peel strength test data for phosphoric acid
anodized conditions

Anodized Peel strength (kgf/25mm width)
condition 3 min 5 min 7 min
0.75A/dm? 29.4 30.5 32.0
1.50 " 31.2 31.6 31.4
20V 30.8 29.1 30.5
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Fig. 8 Effects of surface pretreatments and primer
coating on the peel strength after the
durability test of 1050~ H24 aluminium
alloy sheet.
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Quantitative Analysis of Binary Aluminium Alloy Surface
by X-ray Photoelectron Spectroscopy

by Kazuhiro Hanaki

Using the XPS technique, the compositions of binary aluminium alloy surface which sputtered

with argon ion were studied.

(1) Photoelectron intensity ratios between alloy elements and aluminium showed a linear relation

with the bulk concentration ratio.

(2) The experimental calibration curve for Al—Si binary alloy agreed with the theoretical. But
the significant deviations were obtained as for Al—Mg and Al—Mn binary alloys. In later cases
it was necessary to consider the spectrometer function for the theoretical treatment.

(3) Quantitative analysis using the atomic sensitivity factor was sufficient to know the order of
the concentration of elements. The application of this method brought the useful quantitative
informations to the compositions of aluminium alloy surface.
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Table 1 Measurement conditions.

Instrument PHI MODEL 560 ESCA/SAM

Energy analyzer Double pass cylindrical mirror type

Multiplier voltage 2200 V

Apature ist—L, 2nd—L

Pass energy 25 eV

X—ray Mg Kea (15kV—20mA)

Al Ko (15kV—20mA)

Photoelectron line Al2p | Mgls | Si2p {Mn 2p%2?
Upper limit" eV) 85 1315 110 655
Range ev) 20 20 20 20
Energy scan (eV/step) 0.1 0.1 0.1 0.1
Energy scan rate  (ms/step) 100 100 100 100
Sweeps 10 10 20 20
Cycles 5 5 5 5
Base line for peak area 78 1310 101 644
measurement® (V) 70 1300 97 636

4 Binding energy scale
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Fig. 1 Mg 1s spectra of Al—Mg binary alloy.

Table 2 Chemical compositions of the alloys and measured photoelectron intensities.

Cx Photoelectron intensity
Al—X Cx/C X— Ix/1
(at%) x/Ca ray (cps - eV) x/{at 2p
1.14 0.0116 Mg 1s 1.04X103 Al 2p 3.57%103 0.291
Al—Mg 4.41 0.0461 Al Ka 4.26X103 " 3.71x103 1.148
6.66 0.0713 5.48X103 n 3.32X103 1.650
1.27 0.0129 1.02X10? " 5.37X10% 0.0190
Al-Si 3.10 0.0320 Mg Ko 2.14X10% " 4.80%10% 0.0446
7.14 0.0769 6.07X10% " 4.36%103 0.1392
0.14 0.0014 Mn 2p3/2 1.37X10? " 4.79%10° 0.0286
Al—-Mn 0.40 0.0040 Mg Ka 6.03X10% " 7.00%103 0.0861
0.77 0.0077 1.14Xx103 " 6.94%10° 0.1643
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Table 3 The slopes of experimental and theoretical
calibration curves.
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Al—-X X—ray .
(Experimental)| ; : perys formua| A o< /ER
Al—Mg Al Ka 23.7 4.44 7.38
Al—-Si Mg Ka 1.74 1.48 1.49
Al-Mn | Mg Ka 21.3 9.40 11.3
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Table 4 Atomic sensitivity factor, S.

Photoelectron line Al2p Mgils Si2p Mn 2p32

Atomic sensitivity factor

0.17 3.5 0.26 2.6
(area)

Table 5 Comparison of the slope of experimental calibration
curve and the ratio Sx/Sa.

Al—-X K (Experimental) Sx/Sal
Al—Mg 23.7 20.6
Al-Si 1.74 1.53
Al—Mn 21.3 15.3

Table 6 Results of quantitative analysis using the atomic
sensitivity factors.

Al—X Cx XPS analysis Errors
(at%) (at%) (%)

6.66 7.42 +11.4

Al—Mg 4.41 5.24 +18.8
1.14 1.38 +21.1

7.14 8.34 +16.8

Al—-Si 3.10 2.83 — 8.7
1.27 1.23 - 3.1

‘ 0.77 1.07 +39.0
Al—Mn 0.40 0.56 +40.0
0.14 0.19 +35.7
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The Effects of Some Factors on the Biofouling of
Condenser Tubes

by Koji Nagata, Kyuji Sudo, Atsushi Kawabe
and Ichiro Katsuyama

Marine biofouling tests of condenser tubes were repeatedly undertaken during July '83 to August
'84 to examine the effects of tube materials, surface roughness of titanium tubes, flowing rate
and test season in test facility of one-through type installed at Tanagawa Power Station of
Kansai Electric Power Co. faced to the south of Osaka Bay. Pressure drop of each tube at
a constant quantity of flowing water was intermittently measured and the slime deposited was
analysed at the expiration of each run by means of optical microscopic observation and some
bacteriologic tests.

The pressure drop changed typically in the following four steps; (1) induction, (2)increase,
(3) saturation and (4)sudden fall. These steps were considered to be due to the following
formation processes of microbial fouling film because of the fairly good correspondence
between the increase in pressure drop and the amount of slime deposition ; (1) adsorption and/
or attachment of micro-organisms, (2) growth of biofilm., (3) reentrainment of biofilm by fluid
shear (4) detachment of biofilm at the metal surface.

Aluminum brass tube was likely to take a long time of the saturation of pressure drop and
reach low saturated value, compared with those of titanium and APF tubes. The amout of
deposit of aluminum brass tube was 1/2 to 1/10 of those of other tubes. Anti-fouling property
of aluminum brass is due to a small amount of copper contained in the slime which dissolved
from base metal.

Titanium tube made of smooth surface hoop finished Ra = 0.052 by electrolytic-abrasive had
not the alleviating, effect of the attachment of the slime, comparing with that of usual titanium
tube of Ra = 0.3a

The maximum ratio of increase in pressure drop of tested tube decreased with the increase in
flowing rate, namely 4, 3 and 2 of maximum ratio of increase in pressure drop compared with new
tube at the flowing rate of 1, 2 and 3 meter per second, respectively. While, in case the pressure
drop was kept at the initial value of new tube, the quantity of flowing water of tested tube reduced by
about 30 to 40%. Therefore, there seems to be two problems of condenser due to the attachment
of slime in a tube bore, namely, one is the increase in pumping power and another is the decrease
in the heat transfer rate.

Observation of optical microscope showed that the organic matters of the slime were mainly
composed of filamentous bacteria and bacteria flock regardless of tube material and flowing
conditions. Bacteriological examination showed that the most of bacteria were divided into
the rod morphology with negative gram stain.
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Fig. 1 Diagram of experimental system.
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T =7 HEE L EEE (LA, FFT &#7) 2nz min MMEBER L 2 HETH S,
72, FHENEE % Fig. 212077, F5 EFNNEH FEIHnMABED oW TIZBERHRES (TOC),

BRMENE FOKET, POBTEHMME Re=0.3q, %
K@ & Rmax =258, —F, WHEHEHIE L&~ 0.05¢
0.6S THo7z, BEOTEBNEL, AR TLVT T v 7
EFEA T APF &S 1.24mm, F % > &3 0.7mm, W
ElF & > %3 0.5mm ThH B,

BERWEIE, SRFEIC 1, 2 R 3m/sec » BiEC

L7zds, WYV RL BLORREHFICETEIHY, &
PRI ERB L D EHL 2 HERENEIL Tablel o
&9 Th5,

2.3 HEH*

19834F 7 A4 519844F 8 Hdy 1 D, Ko 3 H]
b » Tk 2 MK L 72, HKEEIZEE7°C (2
R), &=26°C (9R) THo72,

BIHA(Run1) 1 19834 7 H14H~ 9 A12H (60HRI)
201 (Run2) : 19834 9 H13H ~12H23H (956 )
F3M(Run 3) : 19844F 1 A12H ~ 8 H208 (208 )

Z o, S RERFIL, HERE & L T Table
1 RS HHME 2 MR 2 & 9 IS Bl L7 & R
L7z, F/2, T2 BBEIC/KIEEREZBEL 72, &
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S E R 72, IR 258 %% 17hr kL,
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HMRER L L, MENLE BRENTEEL L.,
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W (MLSS), ##i s (MLVSS) #5Ke>72, Bi&id 105~
110°C T 1 hr BB OEETH Y, #%HIT 600°C T 30

Table 1 Flowing rate of sample tube at each flowing series.

Quantity of Flowing rate (m/sec)
Series flowi " 5
N owng sea water | ppp Ti APF | Albrac
o (m®/hr) (6105 | (4U'X07) {41 X 1.24)| (41 X1.20)
1 1.83 109 | 112 | 123 | 123
2 364 916 | 223 | 245 | 245
3 457 271 | 281 | 308 | 3.08

(1) Titanium tube finished by electrolytic-abrasion.
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Appendix I Flow chart of bacteriological examination.

o "} Sticking slime was cleaned with sponge ball from inside

g .‘L& of tube and filled up at 600 m¢

I

h

Loy . . . .

A Sampling of slime solution (suspension)
———————0bservation by optical microscope
————determination of MLSS and MLVSS

homoginize
l
£ dilution (10° ~ 10)
g |
]
< plate out
sy
m . .
.2 incubation 20°C 20 days
[
E }
"7 plate count and observation of colony form
i
pick up of typical colony
i
slant
)

g —)'“ observation of bacterial form by electron microscope

aom

w5 l

QO @ . .

& $- physiological test

2 8

& o

= ©_y identification of bacteria
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Ratio of increase in pressure drop compared with new tube.
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Fig. 3 Changes of ratio of increase in pressure drop of each tube.

Table 2 Pressure drop of new tube.

Series | Quantity of Pressure drop (mm H20/m)
flowing sea water
No. (m?/hr) FFT | Ti | APF | Albrac
1 1.83 62 66 86 87
2 3.64 186 223 243 249
3 4.57 294 313 368 394
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3.4 HEBHBS

3.4.1 EY

FHICBNT, EHEFICIED L, Lo
el 7z, #EH % Table 3 I27RT, Si02 & & E
KTHE, BHEIEBDEBICE LT LT, ZNaES
EMBYOADEDEL KD B &, Si02 A°40~50%, Al
H#18 %, Fe »#15 %, Mnh#13 % & % b @KiED
EREFALNGY, Thbb, [TEBOEsEEEN
PSR TH Y, hOoEEEOREKIT LW E A%
ENi, TAT Ty 7BEOHE D 513 1 LRiROHS
AR E NS, 72, BEFICHELCEET TG RY
BT Z o EOAEWD 5 0.1% O Sn BEHS L,

3.4.2 BH#Y

35 DM OIERE X 7 5 MLVSS, TOC BEic 4
WnEREFFEHT ATP ICBT 248 % Tabled (27K
T,

gt e ES (MLVSS/MLSS) (3, 25~61
UThHh-72, BEMERLHEICLDIERIIZNIIEKREL
ewd, GEKEOEREIP L VHEETH - T, B 1M
DESNEIZAT.6TH B DI L, B3 BN FHEIL29.8
EINEr T,

B TOC, ATP offild, BBEHICIZEA LY

Table 3 Chemical compositions of the inside deposit on
a tube bore.

2)

Tube |[RunNo| Cu | Mn Fe | SiO2 | Al LOI

1 <01| 25 36 | 29.8 - 28.3

FFT 2 <0.1| 06 39 | 395 - 19.6

3 <01| 13 41 | 357 | 55 | 251

1 <01} 26 4.0 | 352 - 32.1

Titanium 2 <01} 10 43 | 259 - 233

3 <01t 11 39 | 354 | 58 | 235

1 <01 26 4.0 | 370 - 314

APF 2 <01 08 4.1 | 272 - 21.7

3 0.1 1.3 39 | 358 | 58 | 304

1 1.3 0.7 6.3 | 20.2 - 32.2

Albrac 2 0.7 0.3 4.7 | 40.2 - 18.8

3 1.0 0.4 50 | 315 | 56 | 284

(1) 3 0.1 1.1 35 | 273 | 4.0 | 322

(1) Titanium tube coated with organic tin paint.
(2) Loss on ignition.
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Table 4 Content of organisms of the inside deposit on a tube bore.
Quantity Item®
| Stes | of flowg | oy MLSS | MLVSS |MLVSSMLSS| —TOC ATP | ATP/TOC
No. | No. |sea water
(m*/hr) (mg/?) (mg/ ) %) (mg/ ) (mg/ ) %)
1 1.83 Ti 1,300 @ 530 41 — — —
Ti 1,850 @ 570 31 e — —
1 2 3.64 APF 1,570 870 55 — — —
Albrac 360» 222 61 E— — E—
3 4.57 Ti 2,870 1,430 50 — —_— e
1 1.83 Ti 1,325 332 25 93 0.115 0.1
Ti 758 ® 252 33 131 0.262 0.2
2 2 3.64 APF 1,260 @ 365 29 102 0.261 0.3
Albrac 1,213 350 29 81 0.256 0.3
3 4.57 Ti 1,040 345 33 95 0.283 0.3
(1) Sampling area is 293 cm?.
(2) Slime had peeled partially away from tube inside.
Table 5 Results of optical microscopic observation of micro-organisms of the inside deposit at Run No. 3.
Alloy Titanium APF Albrac
ggc;&'sms Series No, . E m 5 1 5 5 1 g 5
Bacteria flock + + + + + + + + +
Filamentous bacteria + + + + + -+ + + +
Planktonic diatom + = = + - - + - -
Protozoa + + - - - - - - -
Nematoda + - + + - — + — -

(1) Slime had peeled partially away from inside.

(2) +:observed, - :not observed
WL Ty, Hig (MLVSS) 100 TOC &=id,
56 1914 &23~28%CH Y, /2 TOCHNATP
%, 01~03% TH -7z,
3.5 ZHEE
3.5.1 t?iﬁfﬂﬁﬁﬁﬁﬁ
FIWMELABFIC OV TONRFEHMBE OB EHER

% Table 5 |Z7R T, TXTHOFEEHT RMAMHE (Filamentous
bacteria) X i@ 7 v~ 7 (Bacteria flock) » 5 &
1, ARSI O % (Planktonic biatom) &
# (Nematoda) »BES 72, BMBIEREOMLIG
Fig. 8(2) & 5 TH - T, $k#H (Sphaerotilus) ¥ &b
NA2APHMEO 2o =— 22 NS oMEN 72w 7h
B L TWB EIICALb, L, Cok) Lo
EEEATALERRZ EIZT S,

P EnBSERL L, AT74L5HEL T 503E
ELTIZT)THETH-T, ENBECHAEL TIHRIC

18

BT nEEZ Lb, Fig.SMIZFT L9 %
i (Nematoda) LEEEI N2, #izd 2w, Fig.
8 (e)IZRT & 9 BB (Protozoa) mé«/%
#IH (Ceratium) 3 iz ‘éﬂf’ I BB TE
WXk, RUEDIERIC b\_kﬁ) 5, HEKH i
LTy DhfEr ik 7\L 720, BEREDAT A4 L
RREBL THIEL TW 2D Tl3hwEE 2 bLils,
3.5.2 n"oFY7F
(1) & & o Bi% % Table 6 12777, ff
EYBHEOWUNIC & 59, (I5EWIRAR 1 cc Hic 105~
108 AL, AHW1mg PICi3 108 LR HFL
5, 270, BNREHSY TS L 104/ mm? R
7:;360 Z@ﬂi?ﬁ%{ TEMERFHHEF OSSR EL
T ERLY i, FyUoMEROEEHE LT,
14’350 H F'T@(xmuiﬁ‘b)ﬁtd%# 5105~108/mm2 234 T
o TEH DFERREM & AT & TIEAE, B, KB
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(a) Colony of filamentous bacteria composed of sphaerotilus'A' (b)

Nematoda X 20
X 50

bacterium) #3A L7z, TIVT7 T v 7EIZBWTHIZIT
B EEDET T H - 7’:0 —7J, APF BTl 77 k&l
BE <, B 79 AWBENERHE (Staphylococcus,
Micrococcus) Th - 72, T FEME & MW O & DB
BICET 2 RBREERD 10k b L, 75, TZ ,\ﬂu
TN EOEREICAET M 7T LB R
i FI’J’C HY, RFEBEEREEHODL T3,
E3MNZTA LD, 7T L - Btk R,
HE DR SDHET-12, FI2, TLT T 744‘0) 7
ElFE1IEE biéi‘ﬁ]ﬁz’f“ 7“7&]3 PR E I ERTH
72, APF EX B 1B L & , 7T LR DA 5
ny, 7?A&%ﬁ%ﬁk#%.mto
N7 F YT ORER, 7YY REE RO EYOREE
WL TR B IC TS B, (AR & AEAHORE

Fig. 8 Micro-organisms of slime deposited on a tube HEDBRICOWTIISBOBBETH B,
bore tested in Run 3.

(¢) Ceratium X 50

e, KEEEORIES A B ), EHBEILE TE v,
BL M RIS K W AL XD, 4. & =
(2) A T4 LROME OB & REE RIS WEIGE I B 9 KEEIB R oo R (T, B
LB H# s Table 7T I0RT, H1MoF I EATA Wk k) TH -1z, Qb ESIRICH é”’“ﬂ:ﬂ)
I EFE E L 7T Lt (Acinetobacter %) A7 VR EE-OW 5 Xk, B BV AT IOt
FRTHY), BFEICE- T 77 oBENEE (Corne- PH-@amMrikTo 4BEThY, BB, EHHE,

Table 6 Number of viable cell in the inside deposit on a tube bore tested at Runs 1 and 3.

Run No. 1 3
Al
S loy Titanium APF | Albrac Titanium APF | Albrac
Number of Criag
viable cell ]vo 1 n 9 (1) 3 9 1) 9 (1) 1 9 (1 3 9 (1) 9 (1)

Viable cell / MLVSS, (10¢/mg) 1.2 2.6 0.2 14 34 2.1 6.0 15 0.5 2.4

Viable cell / wet volume of slime, (107/cc)| 4.0 8.5 15 8.6 14 0.2 0.8 0.02 5.9 2.3

Viable cell per inside surface, (10¢/mm?) | 2.2 5.1 1.0 4.4 2.7 2.4 0.5 1.7 0.6 2.9

(1) Slime had peeled partially away from inside.

19
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Table 7 The kinds of bacteria in the inside deposit on a tube bore and its ratio at Runs Ne. 1 and 3. (%)
Run 1 Run 3
Bacteria
Titanium APF | Albrac Titanium APF | Albrac
Genus Gram sta:i)n Morpholo(gy 13.83 33.64 43,57 33.64 33.64 13.83 3564 43.57 33.64 33.64
m3/hr |m3/hr | m3/hr | m3/hr [m3/hr | m®/hr | m®/hr | m®/hr | m®/hr |m*/hr
Acinetobacter - R 37 28 43 — 22
Moraxella - R 4 13 1 8 -
Alcaligenes - R 7 37 7 - 27
Cytophaga - R — <1l |<1 1 6 76 62 16 57 79
Vibrio - R 7 - - - -
Aeromonas - R 4 - - - -
Enterabacteriaceae - R 13 | <1 - 1 -
Staphylococcus + C - - 8 56 10
Streptococcus + C - - - <1 - 28
Micrococcus + C - - - 30 3
Bacillus + R - - - 1 -
Corynebacterium + R - - 23 - 3
Unconfirmed 29 21 19 0 28 24 38 56 43 21
(1) + : Positive, — : Negative
(2) R :rod, C : Coccus
IS & » T TNTOREIyEN b ClaZe v, #F 25 (1) Deposition of barnacle @)
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The Determination of Hydrogen Content in
Molten Aluminium and Aluminium Alloys by
SLM Hydrogen Determinator

Sakae Kato* and Masaya Imai*

The direct measuring system to make continuous determination of hydrogen in molten aluminium
and aluminium alloys has developed. The newly deviced high stability thermal conductivity detec-
tor and the micro computer for data process are comprised in the system. The capability of the
system yields development on the research of dissolution and removal mechanisms of hydrogen,
and enables to do routine control of the metal and alloys qualities during melting—casting proc-
ess. The system has being applied now to the direct and continuous determination of real hydro-
gen content in molten aluminium and aluminium alloys in a location inside a furnace or inside
transfer troughs during the operation of the process of two long hours.

1. Preface

Hydrogen dissolving in molten aluminium and
aluminium alloys, which precipitates during cool-
ing and solidification process, is the principal cause
of gas porosity in ingots and castings. It is, there-
fore, necessary to reduce the hydrogen content in
molten aluminium and aluminium alloys during
their casting to an acceptable leve]l-2)

An examination of the available literature as for
the measurement of the content of hydrogen dis-
solved in molten aluminium and aluminium alloys
has shown that many papers and patents have ap-
peared during each of the last three decades3~19.
In view of this extensive commercial interest, it
would appear that the apparatus which is capable
rapidly of the quantitative measurement of hydro-
gen concentration in molten aluminium and alu-
minium alloys is most useful for the quality control.

The Telegas instrument seems to be a device
for rapid and accurate measurement of the hydro-
gen content in molten aluminium and aluminium
alloys'®1?) though it necessitates the calculation
to determine the real hydrogen content. The calcu-
lation involves two functions: The reasonable final
meter scale reading is converted to the hydrogen
content at the molten metal temperature noted at
the same time the reading is noted, by reference
to the calibration curves supplied in respect of the

* Technical Research Laboratories, Chemical Technology
Department
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temperature dependency of hydrogen solubility in
molten pure aluminium. The real hydrogen content
is then determined to multiply the converted value
by the correction factor which adjust to the hydro-
gen concentration in the appropriate molten alu-
minium alloys.

Sumitomo Light Metal Industries, Ltd. Technical
Research Laboratories has developed a direct meas-
uring system to make continuous determination of
hydrogen in molten aluminium and aluminium alloys
during their melting—casting process. The newly
deviced high stability thermal conductivity detec-
tor'® and the micro computer for data process'®
are comprised in the system. The system (Sumitomo
Light Metal (SLM) Hydrogen Determinator appa-
ratus) can be applied easy with superior operating
efficiency to the continuous determination of real
hydrogen content in the melts. The apparatus has
been used now in the specific locations of labora-
tories and casting shops in many aluminium industries.

This paper gives the brief description of the speci-
fication of SLM Hydrogen Determinator and the
experimental results obtained by laboratory —like
and industrial applications of the apparatus.

2. SLM Hydrogen Determinator

2.1 Special features
- Fig. 1 shows the view of SLM Hydrogen Deter-
minator to determine the content of hydrogen dis-
solved in molten aluminium and aluminium alloys.
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The apparatus comprises two modules : one the unit. As shown in Fig. 2, the measuring module
measuring unit and the other control—computer contains the nitrogen gas pumping system connected
to the probe, the newly deviced high stability thermal
conductivity detector'® for sensing the hydrogen,
the nitrogen gas purge system, and the terminals
for a chromel—alumel thermocouple. The module
is mounted on a quaternary support to use in spe-
cific location. The control— computer module com-
prises the measuring bridge circuit, the melt tem-
perature measuring circuit, and the arithmetic cir-
cuits system which consists of the microcomputer
to compute the real hydrogen concentration. The
data entries and the three display systems are also
comprised in. The measured hydrogen content can
be displayed continuously through the screen, and
at the same time the hydrogen content can be rec-
orded on the strip of the micro dot printer with
selected time interval. The graphing presentation
of the hydrogen content versus time is also possi-
ble at the same time on a strip chart recorder.

Fig. 1 View of SLM Hydrogen Determinator.

- T

___L—_‘:]Cor(ection factor for

alloys (G coefficient)

i il L 1
Control-computer unit Time interval to print !
T : - out the data \
emperature converter
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Arithmetic circuit systemn which concentration

and melt temperature
1

- consists of micro-computer !
Bridge ~ ) I
L Amplifier Micro dot. printer
cireuit ‘
) i — | Chart recorder
—“’-_—'—\
Dlaphragm pump

for nitrogen gas mrcu!ahon
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» Purge valve
Thermal conductivity I

detector

i Pressure gauge
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Measuring unit
Fig. 2 System of SLM Hydrogen Determinator.
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2.2 Speciality of system

(1) Using SLM Hydrogen Determinator, the
real hydrogen concentration in molten wrought and
casting aluminium alloys can be determined con-
tinuously with the reliability of the sensivity of
0.001m/ H; NTP,7100g of melt. The value is suc-
cessively displayed through the screen.

(2) The measured melts temperature, and the
correction factor (or call G coefficient) entry to
adjust the effect of alloy constituents which pre—
entered manually prior to the operation can also
be displayed to be checked their figures through
the screen, at all times, respectively.

(3) The value of real hydrogen concentration
at arbitrary measuring time interval between 10
and 90 seconds entry, with except of the continu-
ous mode, that is, the time entry of zero, are able
to record on the strip of the micro dot printer to-
gether with the time and the melt temperature
measured at the same time the hydrogen is meas-
ured. When the operation data such as a melt lot
numberes up to six figures, a number of the cor-
rection factor and date have entered before the
start of measurement, these can also be recorded

Table 1 Examples of measured results printed by micro
dot printer.
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on the strip of the printer. Table 1 is an example
and shows the reported results.

The graphing presentation of the determined hy-
drogen concentration versus time is possible using
a conventional strip chart recorder with the range
of 0 to 5 volt d.c. for full scale. Fig. 3 shows the
graphing of the characteristic response of the hy-
drogen determination.

As shown in Table 1 and Fig. 3, the real hydro-
gen concentration in molten aluminium is able to
directly, precisely determines from the result in
which hydrogen has being attained to the equilibri-
um between the circulating nitrogen gas and the
molten aluminium phases according to Sieverts’
Law.

(4) The operation of SLM Hydrogen Determi-
nator can be performed easily with the manipula-
tion sequence as shown in Fig. 4. The two inter-
esting applications are fundamentally possible in
the locations of both static and dynamic flows of
liquid metals, respectively.

The one is the separate determination by an ar-
bitrary short time during the melting— casting proc-
ess In an in—line location. In this case, the each
separate determination will be completed mostly
within seven minutes as shown in Fig. 3.

The other is the continuous determination over
the long time in an in—line location. The chang-
ing aspect of the hydrogen contents with the lapse
of time in molten aluminium and aluminium alloys
during their melting— casting process can be quan-
titatively observed by the continuous measurement
in a location inside a furnace. Therefore, with the
measuring capability of two long hours without
any difficulty, SLM Hydrogen Determinator allows
the continuous monitoring of the hydrogen content

Hydrogen content (m{H:NTP/100g melt)

EEE
oLolgalellolol 4l lgliglizlial
Time (min)

Fig. 3 Characteristic response curves of hydrogen
determination.
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A

Connect probe and thermo
couple to measuring unit

|

Connect control-computer
unit to electrical supply source.

Pre-heat probe to 500°C
for 10 minutes.

110volt ac.

[ Push source button : ON. J

Regurate
pressure of
nitrogen gas
to operation
pressure.

l

Make eniries : date, lot No.
correction factor for alloys,

time interval to print measured
values.

Connect recorder to out-put
terminal.

Open purge valve to

r Push reset button : ON. J

nitrogen gas purge.

4TO (A)

Immerse probe into melts,

carefully.

Make circulating pipe lines
to air-tight.

l

Shut purge valve. |

Adjust measuring electronic
circuit to balance (LED just

lights up).

l

Push start button : ON. |

Put pump on action ;

nitrogen gas to circulation.

Change probe to another one.

I
Remove probe from meltsJ
A

! Stop pump. }

<through screen, on printer,>_Ni

Confirm measured data

and on recorder.
Are data in normal 7

Continue contineous
measurement,

r Measurement ending. l

[ Push reset button. |

[ Push reset button : ON. J

Turn purge valve to nitrogen
gas purge.

Push reset button.

[

Turn purge valve to nitrogen
gas purge.

Confirm purge valve in

nitrogen gas purge.

Jp—

Remove probe from melts. l

I Push reset button ; ON. J

Turn purge valve to stop. J

| Stop pump. }

[

| FLd l *TO ®)

Fig. 4 Manipulation sequence.
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in the melts during the process. An example will
be appears in the later paragraph.

2.3 Principal of determination

Sievert’s Law'¥ relating pressure and solubility
may be restated by saying that the solubility of
hydrogen in aluminium and aluminium alloys at
constant temperature varies directly as the pres-
sure of molecular hydrogen above the metal.

Ha(gas)=2H(dissolved)

S=K- P}?
where

S is the solubility of hydrogen in m/ Hz NTP/
100g Al

K is the constant depended on the temperature
and chemical constituents of metal and alloys,

Py, is the partial pressure of hydrogen above
the metal in mmHg (ImmHg=133.3 Pa).

In endothermic solution such as aluminium-hy-
drogen system, with the increase in the tempera-
ture the solubility of hydrogen increases, the regu-
larity being expressed by the following equation.

S=Cexp (—4H/2RT)
where

C is the constant,

AH is the heat of solution of molecular hydro-
gen,

R is the gas constant,

T is the absolute temperature.

The equation of the general form on the solu-
bility of hydrogen as to the pressure of molecular
hydrogen and the metal temperature is derived from
equations (1) and (2).

log S= ~~‘§—1‘~+B+%v log Pu,
where

A and B are the constants.

The solubility of hydrogen in pure aluminium
(199.99%) has been given by

log S= —0.652 — (307&0> +Llog Pyt
for the solid metal'®, and
log S=1366— (22%) +-log P, - (5)

for the liquid metal!®, respectively.

Fig. 5 shows the plot of the equilibrium solubil-
ity of hydrogen in pure aluminium (99.99%) as a
function of temperature under the conditions of
one atmosphere pressure of hydrogen.

When the solubility of hydrogen at given temper-

ature and pressure is known (for example, the equi-

librium solubility of hydrogen So at 760mmHg of
hydrogen gas), then a given hydrogen gas content
S will result in an equilibrium pressure of hydro-
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Fig. 5 Solubility of hydrogen in 99.99% aluminium in
state of equilibrium with one atmospheric
pressure of hydrogen!s).

gen above the metal Py, (mmHg). That is

S= S, (760)172 (Py)v2 e (6)
where
So= K (760)v2. e (7)

When nitrogen gas being circulated through the
melts, the hydrogen in the melts is transported to
the bubble surface of nitrogen gas by a combina-
tion of convection and diffusion, and then the dif-
fusion of hydrogen as a gaseous species inside the
bubble will occurs to hold up an equilibrium between
the two phases according to Sieverts’ relationship.
The incremental changes of hydrogen gas content
in the circulating nitrogen gas composition are able
to detect as the value which is in proportion to the
increase of thermal conductivity of the composited
gases. Therefore, the hydrogen content in a melts
can be determined continuously by measuring an
out of balance voltage from the detector cicuit owing
to the thermal conductivity change of the gases.
The sensitive measuring system is comprised in
SLM Hydrogen Determinator.

3. Applied experiments and results

3.1 Experiments

3.1.1 Experimental procedures in location of
laboratory

The effect of water vapour to the hydrogen con-
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tent in the melts were examined with molten alu-
minium and aluminium—magnesium alloys under
the conditions of atmospheric air. Fig. 6 shows a
sketch of the probe which has immersed in the
molten aluminium as the circulator of nitrogen
gas, and the flow scheme of an atmospheric. air
above the melts.

The atmospheric air was used as damped and
dried compositions. To damp, an air was flowed
through into the water column at various temper-
atures to give desired partial pressures of water
vapour, and then the content was further confirmed
by the analysis. The dried air was prepared through
an air into the cold—traps at—78°C and then syn-
thetic zeolite column.

The metal samples which weighed to 500g were
melted by resistance heating in the graphite cruci-
ble sealed in the electric furnace with the specific
covering made from refractories as shown in Fig.
6.

The measurements of the dissolution of hydro-
gen under the conditions of an atmospheric air
were made at the melting temperatures of 720 to
830°C and at various pertial pressures of water
vapour above the melts by the use of SLM Hydro-
gen Determinator.

3.1.2 Experimental procedures in location of
cast shop
The continuous determinations of hydrogen con-
tents in aluminium alloys melts were examined.
In order to measure in a location inside a fur-
nace, improvements were made on the probe to
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protect and to support. These made the probe able
to withstand an environment in a furnace.

The cooling and support equipment for the probe
was made from 2m long and 20mm inner diameter
of stainless steel pipe which made thermal insula-
tion by the covering with refractories. The one end
of the equipment was formed to the elbow which
could supported vertically the probe as shown in
Fig. 7. The air is flowed through from the inlet to
the outlet of the cooling pipe so as to cool the joint
parts of the probe below 200°C. A conventional air
pump used has the capacity of 50/ per minute. The
equipment protects effectively the connecting and
jointing parts of the probe from high heat over
long hours.

In consequence of the improvement, the equip-
ment provides a mean for direct measurement of
the hydrogen content in the melts inside a furnace.
In a location inside a furnace, the continuous meas-
urements of the hydrogen contents in aluminium
alloys melts during melting — casting process were
examined by the use of SLM Hydrogen Determi-
nator coupled the equipment to the measuring unit
as shown in Fig. 8.

3.2 Results and discussions
3.2.1 Results in laboratory
The dissolution of hydrogen into molten alumin-

Fig. 7 Probe equipment covered with refractories.

e

Fig. 8 Probe equipment immersed into aluminium
alloy melt in a location inside a furnace.

ium, and aluminium—magnesium binary alloys
were examined at various temperatures with the
atmospheric air contained water vapour of 4 to 24
vol. %.

Fig. 9 shows that the contents of hydrogen both
in aluminium and aluminium—magnesium binary
alloys melts increased rapidly, even if the melts sur-
faces being covered by thick and dense oxides layer,
with the increases of melt temperature and partial
pressure of water vapour above the melts. Relative
large increment of hydrogen content is also observed
in aluminium—magnesium binary alloy melt (E)
over against that in aluminium (C) under the same
conditions as shown in Fig. 9.

The dissolution and the removal of hydrogen
were also examined, as shown in Fig. 10, using
aluminium melt.

The content of hydrogen in the melt, as soon as
the damped air with 24 vol.% of water vapour being
introduced above the melt at a constant flow rate,
was rapidly increased from 0.4 to the level of 1m/
H.NTP/100g melt at 830°C. The time was within
20minutes. The removal of hydrogen from the melt
was observed by flowing of the dried air having a
dewpoint at—78°C instead of the damped air. The
most part of dissolved hydrogen was effectively

1.2 ,
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~ damped air /“
5]
€
2 0.9 A
o
N
o
=
z
e o-mm-TF
€ 0.6 ===
~ 7
g /’
§ /
5] ) 4= E | B
&  le-——- [ s— c
g 03 s /——————D
0
0 20 20 60
Time (min)
Water vapour content
Melt temperature L
Trace | Metal and alloys c) of atmospheric air
(vol 95)
A 99.99Al 830 24
B " 720 24
C Vi 720 18
D Vi 720 4
E Al—49%Mg 720 18
F Al—1%Mg 790 22

Fig. 9 Effect of water vapour on hydrogen content in
molten aluminium and aluminium—magnesium
binary alloys.
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removed at eary short time within 20 minutes, and
the remaining decreased as a level as initial con-
tent or to something less content with time. The
hyperbola—like traces for both dissolution and re-
moval of hydrogen seemed to suggest an existence
of rate control layer of the diffusions of chemical
species . water vapour, aluminium vapour, and hy-
drogen.

1.2
~——+Introduced
/ /\ dried air
= dp.—78C)
g 09 (dp
s
Q
(@]
<
o
=
%
T
E 0.6 \
5
g
p ~—— [ntroduced
30’0 03 damped air —
s (24vol.9 H20)
T
!
0 i
0 30 60 90 120
Time (min)

Fig. 10 Dissolution and removal of hydrogen in 99.99%
aluminium melt at temperature of 830°C.

3.2.2 Results in cast shop

The continuous measurements of hydrogen con-
tent in commercial aluminium alloy melts were
made by inserting the probe into the melts in a
location inside a furnace during melting— casting
process. The traces of hydrogen content are shown
in Fig. 11.

The removal of hydrogen to degassing gasses
bubbles in the alloy melts at 720°C was continu-
ously observed for 40minutes of degassing treat-
ment. For following 20minutes, significant decrease
of hydrogen content was observed while there was
no further treatment. It was thought to the reason
that an excess hydrogen deviated from real equi-
librium concentration diffused out of the melts,
and then took off as a gaseous hydrogen from the
atmospheric gases—melts interface. The sufficient
increment of water vapour partial pressure in com-
bustion atmospher inside a furnace had brought a
noticeable increment to the hydrogen content in
the alloy melts during the followed holding treat-
ment of about 60minutes. A little temperature de-
crement of the alloy melts on the solubility of hy-
drogen had not enough to overcame the effect of
an existed water vapour pressure.

At that time, the probe was resetted into the
melts in a location near an exit of the furnace and
the measurement was further continued for 50min-
utes. The trace (D) in Fig. 11 had ensured an out-
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Fig. 11 Continuous measurements of hydrogen content in commercial aluminium
alloy melt during melting process.
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fitting towards followed process to the alloy melts.
The decrease of the content of hydrogen in the
alloy melts was considered to be the combination
effects of decreasements of hydrogen solubility at
the alloy melts temperature lowered to 700°C and
of water vapour partial pressure above the alloy
melts.

3.2.3 Discussion

We now consider the change of hydrogen con-
tent in molten aluminium in an atmospheric air.
Fig. 12 shows a section of the phases which exist
above the aluminium melt.

As described in seetion 3.2.1, there is experimen-
tal evidence that hydrogen in aluminium melt is
derived from water vapour. Moreover, we shall
assume for the reaction site that hydrogen is evolved.
It may be an oxides layer above the melt surface
as shown in Fig. 12.

The diffusive transports of water vapour and
aluminium vapour through the layer being occure
each other, the reaction sites for the transported
chemical species will be produce, and then the re-
actions may take place simultaneously for

3H20 (v)in atmosphere +2Al (l,'l)) —

AlOs (s)+ 6Hinto liquid a1 *=+++- (8)

3H; (g)in atmosphere € 6Hin liquid Al. =t (9)
Under the conditions of an atmospheric air, equa-
tions (8) and (9) may consider practically to be ir-
reversible reactions, respectively . since the free
energy of the oxide formation of equation (8) is
enough large negative value which gives the equi-
librium constant Pu,/Pu,0 at the temperature of
750°C to 1.8 1013 18 and since Pyz in atmospheric
air composition € Py, from equation (9).

Denoting the rate of reaction as v, and the rate
constant as k,, rate equations may be -written.

vi=Fk1 (H20)® (Al)? }(8’)

va=ky (AlOs) (H)®
L)

v3=ksy (Hz)3

ve=ky (H)®

Assuming an equilibrium for overall reactions,
the general equation becomes

an= kisz + kas - P%{Z’io . P}I{/;I ...... (10)
where, ay is the activity of hydrogen in molten

To atmosphere

Diffusion layer
H2(8) (Aluminium oxide)
e | T

Water vapour

2Al(v) + 3H20(v) —= 6H + Al 03(s)

Aluminium vapour ii!

Al(l) <\ Dissolution
Fig. 12 Hypothetic reaction site.

aluminium, and P denotes the partial pressure.

Since Py,0 » Pu,, and Pu, — O in atmospheric
air composition, the dissolution of hydrogen in mol-
ten aluminium is therefore given by

an= ks - Pll-l/zzo """ (10a)
and the removal of hydrogen in molten aluminium
is given by

anw= ks PY* (10b)
In the extent in which diffusion of hydrogen through
the layer is not rate controlling, equations (10a)
and (10b) may give an approximate estimation of
the effect of water vapour partial pressure on the
hydrogen content in molten aluminium.

Seeing that water vapour partial pressure is the
source of hydrogen, equation (10a) is equivalent to
the solubility equation (11} which had been studied
by Ransley and Talbot!?.

(HW=kPiy e (1)
where, (H) is the hydrogen concentration dissolved
in aluminium melt, % is the constant depends on the
melt temperature, the melt composition and prop-
erties of oxides layer produced on the melt surface,
and Pp,o is the partial pressure of water vapour
above the melt.

An evaluation is made to deduce the magnitude
of hydrogen removal (according to equation (10b))
which balanced to that of hydrogen dissolution (ac-
cording to equation (10a)) under the conditions of
laboratory experiments. Fig. 13 shows the plots
of individual measured real hydrogen content in
molten aluminium against calculated value from
each experimental water vapour partial pressure.

1.2

1.0

0.8

0.6

0.4 v

0.2

Measured hydrogen content {m{ HoNTP/100g melt)

0 0.2 0.4 0.6 0.8 1.0 1.2
Calculated hydrogen content (m/ HNTP/100g melt)

Fig. 13 Plots of measured hydrogen content against
calculated value by using equation (5) from
each experimental water vapour partial
pressure.
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As we might expect, the each calculated hydro-
gen content is deviated to higher value because of
no consideration is made on the value of the heat
of solution of hydrogen resulted from the reaction
(8) and on the equilibrium between hydrogen gas—
hydrogen in aluminium melt system according to
equation (10b). Though the evaluation has to be
limitted only to the experimental results in labora-
tory, the removal of hydrogen in the system amounts
relatively to 30% of calculated value of dissolved
hydrogen.

As shown in Fig. 11 on the results in cast shop,
the dynamic equilibrium has existed there between
hydrogen dissolution and hydrogen removal during
the melting — casting process. This means that im-
portant state parameters as to the reactions for
the dissolution and removal of hydrogen in the melts
are always varied to large extent with time. More-
over, not only thermodynamic factors for melts
composition but also kinetic factors for diffusion
transports of the related chemical species must be
consider to determine the dissolution of hydrogen
in aluminium alloys melts.

Therefore, special technique is required for the
quantitative measurement of hydrogen in the melts.

By the use of SLM Hydrogen Determinator it
will be realize to the determination of real hydro-
gen content in molten aluminium and aluminium
alloys.

4. Conclusion

SLM Hydrogen Determinator apparatus makes
the direct determination of real hydrogen content
in molten aluminium and aluminium alloys. Its ca-
pability yields development on the research of dis-
solution and removal mechanisms of hydrogen, and

31

enables to do routine control of the metal and
alloys qualities during melting— casting process by
continuous monitoring of real hydrogen content.
The continuous measurements on dissolution and
removal of hydrogen in molten aluminium and alu-
minium alloys give us the consideration of dynamic
equilibrium between related chemical species to
develop the degassing process under the conditions
of atmospheric air. We are now able to determine
directly, continuously the real hydrogen content in
molten aluminium and aluminium alloys in a loca-
tion inside a furnace or inside transfer troughs dur-
ing the operation of the process of two long hours.
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Recent Trend of Research and Development

on Squeeze Casting

by Shizuo Suzuki, Yasuo Goto, Yoshinori Kataoka,

and Yasuo Ohfukune

Squeeze casting is a hybrid metal-forming process which combines gravity die casting with closed
die forging in a single operation by the application of high pressure during solidification.

These squeeze casted aluminium alloy components have high-level metallurgical and mechanical
properties compared with normally forgings and casting configuration details. For example, to
strengthen their mechanical properties, the hitherto practiced method of manufacturing some com-
puter accessory components, ie. by means of gravity die casting, has been replaced by squeeze
casting process, and 7075 aluminium alloy comes into use their material. The paper deals with the
present research and the recent development for manufucturing commercial aluminium alloy prod-

ucts of squeeze casting process in Japan.
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Conduit Piping System of “Prisol Tube Z”

by Hideo Miyaki, Katsuo Miyata
and Tadashi Nosetani

A conduit piping system has been developed as a suitable method for the construction of west-
ern style floor structures, which are gradually taking the place of Japanese style floor structures
to reduce the construction cost in apartment houses.

This system has its origin in wiring method using conduit pipes; firstly conduit pipes are buried
in the structural floor or cinder concrete, and secondly pre-isolated copper tubes “Prisol Tube Z”
are passed through the conduit pipes to supply hot water in the central heating system. The advan-

tage of the conduit piping system is the reduction in plumbing space, in addition to the decrease

in delayed leakage by accidental nail-piercing at the finishing of Japanese style floor.
This paper deals with a selection of conduit pipes, specifications of “Prisol Tube Z”, burying
procedures of conduit pipes and passing-through procedure of “Prisol Tube Z” in the conduit

piping system.
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Bulge Forming Products of Toyo F itting Co., Ltd.

by Hirobumi Yokota and Choji Tkuta

Toyo Fitting Co., Ltd. has been manufacturing all kinds of wrought copper and copper alloy
solder joint pressure fittings used on plumbing, air conditioning systems and so on.
In the process of forming fittings, many kinds of technique are used and bulge forming process

is mainly utilized.

Several years ago, we founded new hydrostatic bulge forming machine and began to manu-
facture new products besides copper fittings like high voltage electric machinery parts, spouts,

flower vase, etc.

In this report, we intend to introduce our company through the products of wrought copper
and copper alloy fittings and also the products of some hydrostatic bulge forming.
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