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Compound Prepared by Reactive Sintering

Kazuhisa Shibue

Titanium aluminide (TiAl) has excellent potential for high temperature structural materials
because of a combination of low density and good elevated temperature strength. However, TiAl has
not been put into practice owing to several reasons. In particular, the fabrication of TiAl including
melting, casting and forming is very difficult from technical and,”or economical points of view.

The powder metallurgy technique is another choice to shape the materials hard to form such as
intermetallics. The author and co-workers have been developing the reactive-sintering process in order
to fabricate the TiAl intermetallic compound parts. The mixture of titanium and aluminium powders
is cold-compacted, canned into an aluminium container, degassed and hot-pressed. The hot-pressed
material is ductile enough to form into various shapes via the ordinary plastic working process such
as a forging. The shaped material mixed titanium and aluminium can transform into intermetallic
compound during hot isostatic pressing (HIP) by the self propagating high temperature synthesis.
However, the obtained TiAl often has the porous microstructure because of the Kirkendall effect and
/or the flow of the constituent with the lower melting point.

The purpose of the present study is to investigate the effect of some factors on the suppression of
the pores in the TiAl reactiv-sintered by using HIP without being encapsulated. The following results
were obtained.

(1)The pores of TiAl made from the extruded mixture of titanium and aluminium were less than that
from the hot-pressed one. The effect was due to fine mixed microstructur which was obtained by
the extrusion (extusion ratio=15).

(2)The TiAl added manganese was less porous that the binary TiAl. The ternary TiAlMn extruded
material prepared by using Al-Mn alloy powder had the finer mixed microstructure than the binary
TiAl extruded one.
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Fig.1 Schematic feature of a new production method
of TiAl based on reactive sintering.
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Fig. 2 Scanning electron micrographs of (a) titanium,
(b) aluminium and (c) Al-7mass%Mn alloy powders.

Tablel Chemical composition of samples.

(mass%)
Elements
Alloy ;
Al Mn Na Cl 0 Ti
TiAl 36.1 - 0.037 0.049 0.16 Bal.
TiAlMn| 33.0 2.62 0.036 0.054 0.17 Bal.
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Fig. 4 Cross-sections of various consolidated mixtures.
(a) : Hot-pressed of Ti and Al
(c) : Extruded of Ti and Al (transverse)
(e) : Extruded of Ti and Al-7mass%Mn (transverse)
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Fig. 3 X-ray diffraction intensity change of Mn-added TiAl
intermetallic.
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(b) : Hot-pressed of Ti and Al-7mass%Mn
(d) : Extruded of Ti and Al (longitudinal)
(f) : Extruded of Ti and Al-7Tmass%Mn (longitudinal)
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Fig. 5 Cross-sections of various specimens after reactive-sintering in HIP at 1300°C for

7.2ks under a pressure of 152MPa.

(a) : Hot-pressed mixture of Ti and Al

(b)
©
)

b) : Extruded of Ti and Al
c

. Hot-pressed of Ti and Al-7mass% Mn
. Extruded of Ti and Al-7mass%Mn

Fig. 6 Cross-sections of various specimens after reactive-sintering in vacuum at 1300°C
for 7.2ks under a pressure of 1.3x103 Pa.
(a) . Extruded mixture of Ti and Al
(b) : Extruded one of Ti and Al-7mass% Mn
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Fig. 7 Areal fraction of pores observed of the various
specimens after reactive sintering in HIP
or vacuum.
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Fig. 9 Partial phase diagram of Ti—Al'®.
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Fig. 10 Thermal analysis of the various samples before
the reactive-sintering.
(a) : Loose mixture of titanium and aluminium
powders, (b) . Hot-pressed mixture of titanium
and aluminium powders (c) | Extruded mixture
of titanium and aluminium powders (d) : Extruded
mixture of titanium and Al-7mass%Mn alloy
powders.
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Development of Wear Resistant Aluminium
Alloys Containing SiC Particle

Yoshimasa Ohkubo, Hideo Sano and Susumu Inumaru

Aluminium alloys added SiC particles were prepared by means of powder metallurgy processing

with mixture of aluminium alloy (7090, 2024 and Al-Si-Fe base alloy) powder and SiC particle.

The wear resistance was improved by the addition of greater than 0.5wt% SiC fine particle with-

out an attack on the counter part. The tensile property was little inflenced by the addition of less

than 5wt% SiC particle in the longitudinal direction. The fatigue strength decreased with an in-

crease in SiC particle content but the effect of SiC particle size was not recognized between 2~10

pm. New wear resistant aluminium alloys were developed by the addition of a few percent SiC

particle 2~5 pm in diameter.
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Aluminium alloy powder SiC particle

|

|

Mixture

|

Degassing

|

Extrusion

|

Heat treatment

Fig. 1 Fabrication process flow.

Tablel Chemical composition of matrix
aluminium alloy powders. (wt%)

Alloy{ Si Fe Cu | Mn | Mg | Zn Co Al

K 81 | 50 | 45 [<0.01| 048 | 0.01 | <0.01 | Bal.

7090 | 0.06 | 0.16 | 1.0 [<0.01| 24 | 78 | 1.6 | Bal

2024 | 0.06 | 0.08 | 46 | 06 | 1.5 | 0.01 | <0.01 | Bal.
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Fig. 3 Schematic diagram of pin-on-disk wear
testing apparatus.
Lubricant : 100°C lubricating oil #8
Contact pressure . 4.9MPa
Sliding speed : 0.5m/s
Sliding distance . 1800m

(b) SiC particle (mean dia. 5u4m)

Fig. 2 Scanning electron micrographs.
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Fig. 14 SEM photomicrographs of the wear surface of K+2%SiC alloy.
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Development of Wear Resistant Aluminium
Alloys Containing SiC Particle

Yoshimasa Ohkubo, Hideo Sano and Susumu Inumaru

Aluminium alloys added SiC particles were prepared by means of powder metallurgy processing
with mixture of aluminium alloy (7090, 2024 and Al-Si-Fe base alloy) powder and SiC particle.
The wear resistance was improved by the addition of greater than 0.5wt% SiC fine particle with-
out an attack on the counter part. The tensile property was little inflenced by the addition of less

than 5wt SiC particle in the longitudinal direction. The fatigue strength decreased with an in-

crease in SiC particle content but the effect of SiC particle size was not recognized between 2~10

pm. New wear resistant aluminium alloys were developed by the addition of a few percent SiC

particle 2~5 pm in diameter.
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Fig. 1 Fabrication process flow.

Tablel Chemical composition of matrix
aluminium alloy powders. (wt%)

Alloy| Si | Fe | Cu | Mn | Mg | Zn | Co | Al
K | 81 | 50 | 45 | 001|048 | 0.01 | <0.01 | Bal
709 | 0.06 | 0.16 | 1.0 | <0.00| 24 | 7.8 | 1.6 | Bal
2024 | 006 | 0.08 | 46 | 06 | 1.5 | 0.01 | <0.01 | Bal.
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Fig. 3 Schematic diagram of pin-on-disk wear
testing apparatus.
Lubricant ; 100°C lubricating oil #8
Contact pressure : 4.9MPa
Sliding speed : 0.5m/s
Sliding distance : 1800m

(b) SiC particle (mean dia. 5um)

Fig. 2 Scanning electron micrographs.
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Fig. 5 Microstructure of K+2%SiC alloy.
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Fig. 6 The effect of SiC particle content on wear characteristic of K-+x%SiC alloy.
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Fig. 14 SEM photomicrographs of the wear surface of K+2%5iC alloy.
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Effect of Degassing Conditions on Mechanical
Properties of Al1—Si—Fe P/M Alloy

Fumihiko Sato and Mitsuo Abo

Rapidly solidified A1—Si—Fe P/M alloys that have high strength at elevated temperature and
good wear resistance have been developed recently. However, physically absorbed water on the sur-
face of the powder particles causes porosities after heat treatment and reduces strength of the
products. Therefore, degassing before consolidation of the powder is a significant process in manu-
facturing. In commercial production conventional degassing process with using cans (canning of
compact — heating and degassing — sealing — extrusion) is used.

This paper described some degassing processes without using cans and discussed the effect of de-
gassing conditions on hydrogen contents, oxygen contents, porosities and mechanical properties
of Al—Si—Fe P/M extrudates. The results were as follows ;

(1) In degassing process A (heating and degassing of compacts — exposing under air — extru-
sion), hydrogen contents of extrudates were below 3ppm and there were no porosities when com-
pacts were heated above 670K and exposed under air for less than 3.6ks. Oxygen contents and me-
chanical properties of extrudates were approximately equal to those in conventional degassing
process.

(2) In degassing process B (heating of compacts under air — degassing and extrusion), hydrogen
contents of extrudates were below 3ppm and there were no porosities when compacts were heated
above 730K and degassed for more than 0.25ks. Oxygen contents and mechanical properties of ex-
trudates were approximately equal to those in conventional degassing process.

(3) In non-degassing process (heating of compacts under air — extrusion), hydorogen contents
of extrudates were higher than those in conventional degassing process. Porosities were generated
in extrudates and they reduced mechanical properties when compacts were heated below 770K.
Even though there were no porosities in extrudates, tensile strength of extrudates were less than
those in conventional degassing process. The reason was considered that a large amount of oxides
were generated on the surface of the powder particles and prevented the powder particles bonding.
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Fig. 1 Degassing processes without using cans.
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Fig. 11 Micrograph of porosities in extrudate.
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Fig. 16 Micrographs of extrudates in the T6 temper.
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Effect of Melt and Flow of Filler Metal on Vacuum
Brazability of Hollow Structures such as
Evaporators of the Drawn Cup Type

Yasunaga Itoh and Keizo Namba

The object of this study is to improve the poor fillet formation at the inside of vacuum brazed-

joints in aluminium hollow structures such as evaporators of the drawn-cup type. No desirable
fillets were formed at the inside of the brazed-joints in the hollow structure which the brazing
sheets with 4004 alloy (Al—10Si—1.2Mg) as the filler metal were applied to. This fact has been
ascribed to the surface oxide film so far. However, we notice the existence of a certain time-lag
between the melt and flow of the filler metal located at the outside and those of the filler metal
located at the inside in heating sequence. At the inside the filler metal began to melt and flow at
above 560°C as Al—Si— Mg ternary eutectic, and then this molten metal effused to the outside
and formed the outside fillets. On the other hand, at the outside the filler metal did not flow
until about 577°C (Al—Si eutectic temperature) ; the filler metal flowed earlier at the inside than
at the outside, which resulted in the poor fillet formation at the inside. The combination of Al—
108i—1.2Mg and Al—108i filler metals produced large fillets at the both sides of the brazed-joints
in the hollow structure. In addition, amounts of magnesium which vapored from this specimen

remarkably decreased.
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Fig. 1 Schematic illustration of test specimens of cup type
and the dimensions, and nominal magnesium contents
of the brazing filler metals.
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Tablel Chemical composition of filler metals. (wt%)

Alloy" Si Fe Cu Mn Mg Cr Zn Al
1.2Mg 9.91 0.12 0.00 0.00 1.17 0.00 0.01 Bal.
0.8Mg 9.93 0.11 0.00 0.00 0.77 0.00 0.01 Bal.
0.4Mg 9.96 0.12 0.00 0.00 0.38 0.00 0.01 Bal.

0Mg 9.92 01 0.00 0.00 0.01 0.00 0.01 Bal.

(1) Alloys designated by the nominal magnesium contents
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Fig. 2 Cross-sectional views of brazed joints in test
specimen A composed of 1.2Mg-1.2Mg filler

metals at heating temperatures : 575C,
585°C and 590°C.
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Fig. 3 Cross-sectional views of brazed joints in test
specimen B composed of 0Mg-1.2Mg filler

metals at heating temperatures : 575,
585C and 590°C.
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Fig. 5 Cross-sectional views of the neighborhood of brazed joints in test specimen A composed of 1.2Mg-
1.2Mg filler metals at heating temperatures : 560°C, 575C and 585°C.
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Fig. 6 Cross-sectional views of the neighborhood of brazed joints in test specimen B composed of 0Mg-
1.2Mg filler metals at heating temperatures : 560°C, 575°C and 585C.
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Hahd, Lichi-T, ARtV TR, W, A
e E e ERE Ic#Ed B oic, Fig.b k& ot
g4 L5 THANREAO S S M OBRBIBEOEVICE -

THELEGDTH B ERBBIMETE S, AO5HMD
R IEA S OHMBICERET 26D TH D, A5 OFIH
OHBEDSHNBTE LW T Eh S, AT A S ORI
DAL L TR AN ARIRE R E U EEA BN D,

mEho 2 5 O e WTIE, BN OiLE
ik B Si&E Mg 0D H B WVIRERIC & B Mg ORVD
BEZoNDY, KRB OFRSENC & EEM PO
59 DRREBEBYRECKERGBT VI LS, 550
Y DZEAIE Mg DEFICLZBDIBENEZTHS D,

SKERE A OTEBEOH v TEERA S HMWTEICB Y
% Mg & Si 4% EPMA IC X D~ R % Fig. 7
IZiRT, 565°CTD Mg OAFix AR5 &, REMITIEA
3 M OEED &M O REICH T T Mg BSEFITHEL
TEEL TV AN, AT s IMERIEVERT
Mg AP B> TWB T &M%, TN Fig.5 ©
AIBR A S MREICED 5N 5 MY (swelling) P 5
SO XS, AMBEA S TR Mg DFERB K
HEMIBE->TVERDTH B, Lich->7T, 5756CIK
B3 EAEMA I M TRED LI Mg 0FERBD SN
1D, AASMOMEEE LTAI-Si—Mg OZRe
5AlI-SiOTTHRANEEB L TWSEHEEZEL TV 5,
—7, ERERF OPIRHITIE Mg BEMSHE T 5 &tk -
T, BIOMP oD Mg BREMERICTBEESNTVAEY,
Fig. T 5 b, WIS S M OMRELIEEIETH S T
EDVHERTE 5,

PllEo ks, Ao 5 5B TI3EEN LA
BHEAATEE A ER L TA S OREBIEAEN S DI L,
LA 5 #ic s VT Al—-Si—Mg B OB & -
TA 3 OREBHEN R »o#ITT 2, ThHBF 1 A
s /HEEORRNEEZ OGNS,

4.1.2 WEIOT7 4Ly POFEHIZDONT

AEBRTHHER L2k 50, WAEROBLE L 7 2 i
BEORFWERENE 7 1 Ly MiE, BI3MBO
Mg 8&H30.8% & D W EREFIBAIMA T/ ha <, 0.4%

Table2 Relationship between thickness of oxide films calculated by AES profiles of oxgen and remaining magne-
sium contents calculated by EPMA profiles in filler metals of tast specimen heated to 575°C and fillet for-

mation at heating temperature 595°C.

Initial Mg Thickness of Remaining Fillet
No. content Location oxide film Mg content fomation
(wt%%) (nm) (wt2%)
Outside 6.4 0.12 Good
A 1.17
Inside 14.0 0.32 Poor
B 117 Outside 6.5 0.11 Good
Inside 13.1 0.29 Good
B 0.01 Outs.ide 6.7 0.09% Very poor
Inside 4.8 0.04" Very poor

(1) These magnesium contents resulted from the absorption of magnesium vapor from other test specimens.
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Fig. 7 Difference of magnesium and silicon distributions by EPMA in filler metals of test
specimen A between heating temperature 565C and 575C.
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Fig. 8 Definition of fillet radius and surface tension
at inside and outside of brazed joints.
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Fig. 9 Schematic illustration of fillet formation
mechanism at brazed joints of hollow
structures in heating sequence . expla-
nation derived from this study.
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Fig. 10 Schematic illustration of fillet formation
mechanism at brazed joints of hollow
structures in heating sequence : appli-
cation of results in this study.
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The Etching Behavior of Pit Initiation and Tunnel
Growth of Aluminium Foil for Electrolytic
Capacitors During Early
Stage of D. C. Etching

Nobuo Osawa, Kiyoshi Fukuoka and Zen-ichi Tanabe

The pitting behavior of high-purity aluminium foils at the initial stage of D.C. etching in hy-
drochloric acid is important to achieve high capacity. The relationship between pits initiation
and tunnel pit growth has not been established.

In this study, three kinds of foils which have different number of pits after initial etching were
used. The initial pit size and density for each foil were obseved by SEM images of replicas. The
pit growth rate was measured by the change of pit size under the condition of galvanostatic etch-
ing with triangle wave. The following results were obtained.

(1) The electrode potential during D. C. etching up to 50ms moved from a high potential peri-
od to a stability period through a transition period. Pits were produced during the high potential
period and pits with facets grew during the stability period.

(2) The initiation and growth of pit was successfully reproduced by the potentiostatic electrol-
ysis, and the structures of pits were examined. It was found that pits were produced at an elec-
trode potential of about —400mV vs. 8. C. E., and pits with facets grew at an electrode potential
of about —670mV vs. S. C. E.. The direction of pit growth could be represented using fractal di-
mensions.

(3) The changes in pit size corresponded exactly to a triangle wave of 2Hz at electrolyte tem-
peratures from 70 to 90°C. The pit growth rates for the three kinds of foils were nearly equal at
the same electrolyte temperature, and were not influenced by the number of initial pits. The dif-
ference in the number of initial pits only affected the pit size.
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Table 1 Chemical composition of specimen. (ppm)

Specimen Si|Fe | Cu|Mn|Mg|Cr|Zn |Gal Ti| Al
A 516 |44 ] <] 4y A 4 <44R
B 8|8 43| <1 ) Q) 4} &4} <R
C 919143 Q| ] A 4] <1 4R

Table2 ICP-MASS ion counts of detected impurities in

specimen.
Specimen} V | Zn | Ga | Cr | Sn | Sb | Ce [ Nd | Tl | Pb
D R N B N e I = =
I e Y I IR R R B e
C|+++4 4 #| +4] 2 o o+ £ - 4

Ion counts per second {cps) in 1.21 X107 %mol/1 HCI containing
3.70x10"*mol~1 Al specimen ; 10000cps = -+ + +<{100000cps

1000cps = +< 10000cps
100cps = +<C 1000cps
50cps = =< 100cps
—-<C 50cps
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@ : Power supplyer @ : Specimen
(NF, TA—250) (& : Specimen holder

@ : Function generater ® : Graphite electrode
(HOKUTO DENKOQ, @ : Quarze heater
HB—105) . Glass bath

® : Temperature control @ : Magnetic agitator
system

Fig. 1 Apparatus schema for D.C. etching.

Table3 Etching condition.

Electrolyte 1.5 mol/1 HCL
Temperature 70°C
Constant Current density 200 mA/em?
current
Time ~50 ms
Constant . (a) —400 mV vs SCE
) Potential
potential (b) —670 mV vs SCE
Time ~400 ms
b)) O24&BOBMMICLZEBMNEREIToco Ty

FYIBROY .y O, BlgL 7Y Akick ) SEM
THEZE L,

750 FVIRTTRETOL S KEL Y, $78b b,
SEM it & » THE L NI ERIMEDOE y 74 V75 —
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By 74 v IERESCEFEORERA LFTNR)
ELt, EAFEO 1 BOEHZR ENR) Ik, NR)
< R-POBURMEILT B EE, 7537 s VIRth D &
L7

Fh, T FYIHBOY .y s BEHORTE TR
Table 3 127K U 7o iR O BRI CERE E200mA/cm?
OEFEICED, 25D v F VT EIT- T,

561, By rORESEE, 70°C, 80°C, 90°CO[F
TR T, Fig.2 (@) KARTHEEK2Hz, IRIE30% D
ZAEBEPICELD25 By F Y IETV, By PHAX
DEAICE S ZE L1z, ZARIC L 2BREEOZEAL
k¥ y b4 X3 Fig. 2 (b) O k> BT 3,
-1, fliEr o Ry voludr s, PS5 B0E
SRIFAPCEELLEy POESERT,
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Fig. 2 Measurement of pit growth rate.
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Fig. 3 Change of electrode potential during
constant current etching.
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Fig. 4 SEM observation

32

of tips of pit.
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Fig. 5 Distribution of pits of specimen B after constant current etching. (tilt 45°)
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(c) Specimen C

Fig. 15 SEM observation of pits structure. (70°C, 2.5s, tilt 45°)
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Fig. 16 Relative times distribution of pit size. (Surface area . 7000 ym?)
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Table4 Analysis result of etching behavior.
Pit growth rate, The
dL/dt number | Avera, .
| . TURER L
Specimen| (cm/s) |{Current | of pits pit size ,
AL 2 | (em®
density,iV| per lem* | W (cm)
(Afem?) | N
A 3.4%x1074 9.8 1.49x10° [10.0X107°%| 1.5 1072
Peak-peak _
B 2.8x10™¢ 8.1 2.21x10° | 9.0x1075 | 1.8x 1072
C 3.0x107¢ 8.7 4.96x10% | 6.0x107%| 1.8%x10~?

4um

Fig. 17 Change of pit size.

(at 70°C, specimen C, tilt 45°)
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W : Pit size (cm)

! . Current per one pit (A)

7 : Current density (A/cm?)

dl/dt . Pit growth rate (cm/s)

M, p : Atomic weight and
density of aluminium
(g/cm?)

F . Faradaic charge

z : Chemical electric charge

of aluminum

Fig. 18 Pit growth model?.
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Fig. 19 Relationship between electrolyte temperature

and pit growth rate.
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The Role of Hydroxyl Groups on the Aluminium
Oxide Film in Surface Properties

Tsutomu Usami and Masaya Imai

Alkoxyl groups, having long linear alkyl chains, were introduced on the phosphoric acid anodized
(PAA) oxide surface to investigate the role of hydroxyl groups in surface properties such as

wettability, friction coefficient and bondability with organic polymers.

Alkoxyl groups made the oxide surface hydrophobic and functioned as boundary lubricants for

anodized aluminium rubbing against steel. And these functional groups lowered the bond strength

between PAA oxide and epoxy-phenolic polymers.

In other words hydroxyl groups on the oxide surface are responsible for hydrophilicity and “stick-

slip” phenomenon and interact with organic polymers through hydrogen and,”or covalent bonding.
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Fig. 4 Transmission spectra of PAA oxide film stripped from HgClz/
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Fig. 5 Difference spectra showing effect of alcohol treatment.
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Tablel Results of contact angles.

No treated Alcohol treated PAA oxide

PAA oxide| 1-Hexanol | 1-Octanol | 1-Dodecanol
water ¢5° 153° 156° 155°
hexadecane ¢5° 5° <5° <5°
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Fig. 6 Friction test charts showing effect of alcohol treatment.
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The Development of SCM Aluminium Frame

Koichiro Okuto, Keizo Namba, Kazuhiro Oda,
Masayoshi Azakami and Ken-ichi Kato

Brazed aluminium honeycomb panels are now in use in an SCM (Super Conductive Magnet) sup-

porting frame of the Mag-Lev train in JR-RTRI’s Miyazaki test line. The side-beams of the frame

are welded box girders whose sides are brazed honeycomb panels. When compared with the conven-

tional frame of aluminium plates and shapes, the frame is superbly light in weight, keeping enough

strength and rigidity.

The paper briefly describes the results of full-scale test carried out in the course of the develop-

ment of the SCM frame. An interesting result obtained is the fact that the cross-section of the

frame’s side-beams does not deform under any test loadings, due to panels’ extremely high out-of-

plane rigidity. The fact indicates that very high b/t ratio can be allowed in design, where bis the

breadth and ¢ is the thicknes of face plates of panels.
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Estimation of Durability of SUMIKEI PEX Tubes
to Residual Chlorine in Tap Water

Osamu Arima and Yoshifumi Hasegawa

The effect of chlorine in water on the oxidation and chlorination of SUMIKEI PEX Tubes has
been investigated by using the evaluation method according to ASTM D714 —87.

From the experimental results, the durability of SUMIKEI PEX Tubes under normal water
survice conditions can be estimated, as for the residual chlorine concentration, to the range of 44

(at 80°C)~220 (at 60°C) years.

The SUMIKEI PEX Tubes made from crosslinked polyethylene were found to have good reli-
ability than that of commercial polyethylene water pipes.
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