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Role of Second Particles and Solute Atoms
in the Grain Refinement

of a 7475 Alloy Sheet

Hideo Yoshida

It has been known that fine grains in a 7475 alloy were obtained by the precipitation of large
second phase particles in the intermediate annealing, then warm-rolling and finally rapid heating.
In this study, the roles of these large particles and solute atoms (Zn, Mg, and Cu) in refining the
recrystallized grains were investigated. Cold-rolling was carried out instead of warm-rolling. The
results show that the large particles, which are Mgs(Al, Cu, Zn)s phase, contributed to homogene-
ous deformation during cold rolling, and the solute atoms precipitated on dislocations and re-

tarded the restoration of substructures during cold-rolling and heating. At higher temperatures

like solution temperature, the growth of recrystallized grains were inhibited by the precipitaion
of Cr on grain boundaries during rapid heating. While without large particles, heterogeneous de-
formation with shear bands occurred during cold-rolling. Large recrystallized grains were formed

on these bands during heating.
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Table 1 Chemical composition of a 7475 alloy sheet.(mass%)

Si Fe Cu Mn Mg Cr Zn Ti Al

0.04 0.04 157 <0.01 237 020 558 bal.

Fig. 1 Microstructure of a 7475 alloy plate
heat-treated in a salt bath at 753K
for 0.3ks.
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Fig. 2 Thermomechanical treatment carried out in this study.
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Table 2 Processes in thermomechanical treatment and factors contributing to grain refinement.
Process Factor
I Pre-working (cold rolling) before intermediate heat * Reduction of thickness (0~50%)
treatment
I Intermediate heat treatment

* Solution heat treatment

* Precipitation treatment

* Rapid heating and Water Quenching
(753K —1.5ksWQ)

* Temperature (higher than 633K)

* Time (1~16h)

+ Cooling rate (WQ or FC)

ii} Cold rolling after heat treatment * Reduction of thickness (50~90%%)
I\ Recrystallization * Heating rate (heated in salt bath)'¥

(solution heat treatment)

* Temperature (758K —0.3ksW@)¥

(1) : Constant condition in this study

Table3 Effect of cold rolling (pre-working) before intermediate heat treatment on the grain size in L-LT

plane of recrystallized sheets.

Grain size (pm) in L-LT plane after recrystallization

Intermediate Solution Treatment 753K —1.5ks WQ

Heat treat- Precipitation Without 673K 673K 753K 753K
ment treatment tretment —8hWQ —8hFC - 2hWQ —2hFC
Reduction of 0% (6) 26 16 19 30 19
pre-working 33% (t6—>t4) 26 16 19 26 19
(cold rolling) 50% (¢6—>t3) 22 16 19 26 16

Process (a) : Pre-working (cold rolling) —>Intermediate heat treatment->Cold rolling {70%>

—Recrystallization (753K ~0.3ks WQ>
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Table 4 Effect of intermediate heat treatment on the grain size in L-LT plane of recrystallized sheets.

Grain size (sm) in L-LT plane after recrystallization

Precipitation treatment
Solution
treatment Temper- Cooling Holding time Cooling Holding time
ature rate 1h 2h 4h 8h  16h rate 1h 2h 4h 8h  16h
633K wQ - - 11 95 95 FC - - 19 19 16
653K wQ - - 8 8 8 FC - - 16 16 13
673K wQ - 8 8 6.5 6.5 FC - 13 11 11 11
f;i-WQ 693K wQ ~ 95 95 8 65 FC - 11 u u u
TI8K wQ - 95 95 95 11 FC - 11 11 11 11
733K wQ - 1 11 - - FC - 1 1 - -
753K wQ 15 15 - - - FC 11 11 - - -
Without 673K wQ - - - 8 - FC - - - 11 -
treatment 753K wQ e S FC - n - - -

Process (b), (¢) : (Intermediate heat trgatment—Cold rolling <9096 —Recrystallization (753K ~0.3ks WQ> )
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Fig. 3 Effect of cooling rate from 673 or 753K to 473K in
intermediate heat treatment on the size (L-LT
plane) of recrystallized grains.

c) 753K—2h WQ d) 753K—2h FC

Fig. 4 Effect of intermediate heat treatment on the size

. (L-LT plane) of recrystallized grains.
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a) 673K—8h WQ b) 673K—8h FC

c) 753K—2h WQ d) 753K--2h FC

Fig. 5 Microstructures in L-ST plane after intermediate heat treatment.

d) 753K—2h FC

Fig. 6 TEM structures after intermediate heat treatment.
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c) EDS, matrix

“a,

b) SADP, Mg,(Al, Cu, Zn)s

_RARKEL - E L
d) EDS, large particle

Fig. 7 EDS and SADP analyses of large second-phase particle.
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Microstructure

TEM (Low magnification)

TEM (High magnification)

a) 753K—2h WQ b) 753K—2h FC

Fig. 8 Effect of large second-phase particles on micro- and TEM structures after cold-rolling.
(The reduction of CR : 90%, Microstructures : L-ST plane)

Fig. 9 Micro- and TEM structures of 673k-8h WQ followed by cold-rolling.
(The reduction of CR : 90%, Microstructure : L-ST plane)
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Fig. 10 Effect of intermediate heat treatment on electrical
conductivity before and after cold-rolling.
(The reduction of CR : 50%)
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Fig. 11 DTA analyses of cold-rolled sheets.
(The reduction of CR : 90%)
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c) 698K

Fig. 12 Microstructural changes during heating near
the temperature of recrystallization.
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Fig. 13 TEM structures at the early stage of
recrystallization.
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as cold-rolled

partial annealled

673K—8h WQ 673K—8h FC 753K—2h WQ 753K~2h FC

Fig. 14 (111) pole figures of as cold-rolled and partial annealed sheets. (The reduction of CR : 90%, Partial
annealing condition ; 613K —0.3ks in a salt bath)
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Table5 Relationships between the conditions of intermediate heat treatment and features of microstructures

during precipitation, deformation and recrystallization.

Precipitation Deformation, Recrystallization o
Intermediate - Precinitati T . Grain size of
h Particles Solute Cold rolled relep1ta 10n emp. o recrystallized
eat treatment during cold recrystal- sheet
Large Fine" atoms structure rolling lization
almost o .
wQ many non many precipitate low fine
homogeneous
673K
FC many many few homogeneous non or few low medium
almost L. .
wQ few non 1@ heterogeneous precipitate high large
a
715K
FC many many few homogeneous non or few low medium

(1) : Ress than 0.5 um, except E-phase
(2) : Supersaturated solid solution or GP zone

Solute
atoms
ngp
Cu
Large
partides ﬁ Mga(Aly CU, Zn)5
-phase
7 /e F/U p - o
J¥ = S
s | SRS
. =
nAYEIGEE. SR
E-phase
Intermediate As cold
heat treatment rolled

Low temp.
During heating

High temp.

Fig. 16 Schematic model of grain refinement
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Influence of Precipitate Dispersion on
the Erosion of Lightly Deformed
Brazing-sheets

Shigenori Yamauchi and Kenji Kato

The influence of precipitate dispersion in the core alloy on the erosion of brazing-sheets was

investigated. Brazing-sheets with various size distributions of precipitates were prepared using
3003 or 3003+ Cu alloy cores and 4104 alloy claddings. These brazing-sheets were subjected to a
vacuum brazing cycle after 0 to 209 cold rolling. The erosion behavior was discussed in terms of
the recrystallization of the cores during brazing. The unrecrystallized cores with subgrain struc-
tures were found to suffer the erosion. The number density of fine precipitates with sizes up to
about 0.1 um affected the recrystallization behavior and resultingly the erosion. The cores with a
large number of fine precipitates could not recrystallize even at the brazing temperature and suf-
fered the erosion at the reduction up to 10 to 159 because the fine precipitates strongly retarded
the recrystallization. The cores with a small number of fine precipitates, however, recrystallized
at the reduction higher than 5 to 7%, and suffered the erosion only at the limited reduction from

2t059%.
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SNBV, FLT, NSO BAPROELKTH %
TR, ERHAEEBLT LYy sy — 1 2Hl
%57 ABEOBILO—K &7 - T B,
AR T, SO EIREEEA T v — Y
VIV —FORBIZOVTREL, BEDELPT S %
T AEFIC > W TEREENA 72,

2. ¥ B H &

Whra4 & LT3003K% 18003+ Cu, A5MALEL
T4104 D SRS 21T > 720 BASDIFES % Table 1
IR Lo EMESOSHBIICHENMEZEL, FHE
FIFREL THWE A I M LA LE TAFabEHEEE
7O, BREER o TRAZ T, B&0.6mm D7
VU vy = (75 FETEL%) A{ERL .
C DK, M OB L, BRAbh - EE K RO
SEpAEZEZ BT LK, FrHY O 2BUREE % Table 2

Tablel Chemical composition of the core alloys and
the cladding alloy. (mass%)

Si | Fe | Cu | Mn | Mg | Bi | Al

3003 02510607015, 1.2 {001 —
Core

3003+Cu| 0151018 | 046 | 1.2 | 0.01 | —
Cladding 4104 10110211002(0037 1.2 1010| R

Table 2 Type of precipitate size distribution in the cores.

Specimen Core alloy Precipitate size

A 3003 fine

B ” medium

C ” coarse

D ” coarse+fine

B 3003+ Cu coarse

F ” coarse+fine
Braze cladding

© <. Core -

Braze cladding

(a) Before brazing
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L7
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SVTETRETF R EDX 52T 72 & 25, E&
AEDHDH a —AlMnSi TH - 12,

TEM % (fFE200 um? 1238 TRIGE L i o
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AP, 0.1 um BE S 2 0k % nBUT Ol 74
Yinsg v, RECoBFaREVWIFEMAEEZ <, 0.1um
PUF ot Himasbis v, 2K B 3k A & C o
MRS AR L TVW 5, RE D OB, KEw
Fris o Mh120.06 pm B OIHIFT IS 5, K
BEEERCIHEULTVWE, BB F ofs, kKEu
i O f1120.04 pm Fitg O AT M B H A S b,

L

Residue of braze cladding

¥
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Residue of braze cladding

(b) After brazing

Fig. 1 Schema of the specimen cross section before and after brazing.
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Fig. 2 TEM micrographs of the cores showing the precipitate dispersion.
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Fig. 4 Microstructures of the cores showing the dispersion of the eutectic products.
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Table 3 Diameter and interparticle spacing of eutectic
products in the core.

Particle diameter Interparticle spacing
Specimen (pm) (pm)

Range Average Range Average

A 0.5~12.0 2.5 0.5~89.5 27.2

B 0.5~16.5 2.5 0.5~82.5 26.6

C 0.5~14.0 2.7 0.5~93.0 26.8

D 0.5~12.0 2.6 0.5~82.5 27.2

E 0.5~12.0 1.9 0.5~93.0 35.8

F 0.5~11.5 1.7 0.5~96.5 30.3
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Fig. 5 Cross sections of specimen F after brazing.
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Fig. 6 Relation between the reduction before brazing
and average erosion depth.
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Fig. 7 Microstructures of the core of the specimen B after brazing.
(Reduction : (a) 0%, (b) 5%, (c) 7%)
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Microstructure and Mechanical Properties of
Reactively Sintered TiB2,/Ti—Al—Mn
Composites”

Mok-Soon Kim**

TiB: particulate reinforced Ti— Al—Mn matrix composites were produced to full
density via reactive sintering route. The desired matrix microstructure could be
obtained by controlling sintering conditions. For each microstructure, grains were
refined with increasing TiB. content. Compressive yield stress at room tempera-
ture was found to increase with increasing TiB: content. Plastic deformation at ele-
vated temperature was related to grain boundary sliding, dynamic recrystallization

as well as slip and twin.

1. Introduction

TiAl-based intermetallic compounds are re-
ceiving much attention because of their light
weight, high melting temperature and high
strength at elevated temperatures”. The rein-
forced titanium aluminides with rigid particles
can provide advanced materials with higher
stiffness, strength and wear resistance which
are suitable for aerospace and automobile en-
gineering applications. In structural applica-
tions intended for these composite materials,
a cost-effective fabrication method is of sig-
nificant importance. A molten metal route re-
sults in inhomogeneous particulate distribu-
tion and alloying element segregation in a
TiB: reinforced aluminide composite”. In con-
trast, powder metallurgy routes allow flexibil-
ity in alloy chemistry, size and volume fraction
of reinforcement. Among them, a reactive sin-
tering method is a potential approach to
achieve near net shaped components. In this
technique, elemental metal powders, which are
less expensive and more ductile than their

*  The main part of this paper was originally pre-

sented in Proceedings of Sixth JIM International
Symposium on Intermetallic Compounds, Ed. by O.
Izumi, The Japan Institute of Metals, Sendai, Japan,
1991, PP. 959 —-965.

** Technical ResearchLaboratories, Metallurgical Tech-
nology Department, Dr. of Eng.
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prealloyed counterparts, are mixed with rein-
forcements, and consolidated into the desired
finished shape using conventional fabrication
procedures. The intermetallic composite is
then formed by a self-sustaining, exothermic
reaction between metal powders. The reactive
sintering technique has been used to produce
various intermetallic compounds and compos-
ites? ™,

Another advantage of the reactive sintering
is the considerable freedom in controlling mi-
crostructure, especially in the Ti— Al system.
According to a recently revised Ti— Al phase
diagram® as shown in Fig. 1, an eutectoid re-
action, a-Ti—a: (TLAD + 7 (TiAD, takes
place at 1398K in the region of 38—48mol% Al
When alloys with 38 —48mol% Al are cooled
from above the eutectoid reaction tempera-
ture (Te), a lamellar structure consisting of
layers of @ and 7 is formed by the growth
of 7 plates in a a -phase according to the
eutectoid reaction®®. In conventional casting
route, the lamellar structure is inevitably de-
veloped due to the solid state decomposition
with decreasing temperature. Therefore, ther-
momechanical processing is a necessary step
to obtaining desired microstructures which
do not contain a solidification structure. The
processing of TiAl-based materials, however,
is difficult and expensive since they have limit-
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Fig.1 Section of Ti— Al phase diagram.

ed ductility and toughness in the lower tem-
perature rangeand, as a result, require very
high process temperatures”. In the case of the
reactive sintering method, it is anticipated
that microstructure can be controlled by sin-
tering conditions. If elemental powders of Ti
and Al, which are mixed in the range of 38—
48mol% Al, are sintered at temperatures below
the Te (of course, above the reaction tempera-
ture of about 900 K*), a two-phased micro-
structure with v and @: grains will be produced
without the lamellar structure. A duplex micro-
structure consisting of lamellar and 7 grains
is also expected to form by sintering the mix-
tures above the Te as a result of the solid state
decomposition when cooled.

In the present study, TiB. particulate rein-
forced titanium aluminide matrix composites
were achieved by the reactive sintering under
hot isostatic pressure (HIP) using two different
heating conditions. Thus, in this paper, the
author reports the effects of heating condition
and TiB: content on the microstructure and
mechanical properties of these composites. In
comparison, the corresponding monolithic alu-
minides are also investigated.

2. Experimental Procedure

Compositions of Ti—47.3mol% Al—1.7mol%
Mn along with 0, 2 and 5mass% additions of

21

TiB: were used in this study. Mn is added be-

cause it improves not only the sintering char-

acteristics® but also ductility of TiAI'*®, Ther-
mal stability between TiB: and TiAl" is the
prime reason for choosing TiB: as a reinforc-

ing particulate. The starting materials were a

commercially pure Ti (—100mesh), a helium

gas atomized Al—Mn (—100mesh) and a fine

TiB: (1.5 um) powder. The powders were mixed

in the necessary ratios using a V-—type blender.

These powders were canned in an aluminum

container, degassed and sealed. Consolidation

of the canned mixtures was carried out by ex-
trusion followed by swaging, giving fully dense
rods with a total area reduction of 98%. It is
expected that such a large reduction ratio is
sufficient to both introduce a large number
of dislocation and break up the oxide layer
along prior particle boundaries, which allows
greater diffusion to a point which enhances
sintering characteristics. The aluminum can
was removed by machining after consolidation.

Reactive sintering of the consolidated rods
were conducted using two heat treatment
trials:

* Trial A : HIP’ed at 1573K_2h,150MPa,
followed by heating at
1273K,24h,/107*Pa

* Trial B : HIP’ed at 1373K2h,150MPa,
followed by heating at
1273K,24h,/10*Pa

Trials A and B were planned in an attempt to

achieve the microstructure of (7 -+ Lamellar)

and (7 + a1 , respectively, on the basis of the
previously mentioned Ti— Al phase diagram.

Following each heat treatment, resulting crys-

tal phases were characterized by X-ray dif-

fraction and electron probe micro analysis

(EPMA) .

Compression specimens having a 4mm diam-
eter and 10mm length were machined from the
heat treated rods and subsequently electro-
lytically polished to remove surface damage.
Compression tests were performed on an
Instron-type testing machine both at room
temperature (initial strain rate, £ =42 X%
10*s™) and at 1078K (& =3.3x107*s™*). Tests
at the elevated temperature were carried out
in a vacuum of 2X10~*Pa.

The microstructures of the samples were ex-
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amined before and after deformation using
an optical microscope with a Nomarski inter-
ference contrast attachment, and a scanning
electron microscope (SEM).

3. Results and Discussion

3.1 Microstructural observations

Reactive sintering through two trials of heat
treatment yielded the X-ray diffraction lines
of TiAl and TisAl, or TiAl, TiAl and TiB: for
monolithic, or composite samples, respectively.
No sign of incomplete reaction, such as Ti, Al
or Al:Ti, was found in all samples.

Metallographic observations revealed that
all samples were produced to full density.
Moreover, as expected, the microstructure
varied with heat treatment condition and TiB:
content. Representative optical micrographs
are shown in Fig. 2. For samples produced by

Trial A (Fig. 2. a—c), the structure consists
of grains of single phase v (TiAD) and grains
of 7 + a: (Ti:Al) lamellar, which were verified
by EPMA. Note the decrease in grain size of
both 7 and lamellar grains with increasing
TiB: content. The linear intercept method gives
the average grain size of 28, 19 and 15 pm, for
0, 2 and 5mass% TiB: reinforced samples, re-
spectively. The lamellar volume fraction is un-
der 0.4 for both unreinforced and reinforced
samples.

For samples produced by Trial B (Fig. 2. d—
), fine grains are equiaxed and never contain
the lamellar structure. Microchemical analysis
by EPMA showed that the grains are made
up of single phase 7 and a. grains with a
volume fraction of a:.<0.4, irrespective of
TiB. content. The grain refinement effect with
the addition of TiB. particulates is again found
in this trial. The avarage grain size of mono-

Fig. 2 Optical micrographs of reactively sintered samples containing 0 (a, d), 2 (b, e) and 5mass% TiB: (c, f),
produced by Trial A (a—c) and B (d—f).
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lithic aluminide is 10 pm. Finer grain sizes of
9 and 6 pm are achieved, respectively, for 2 and
5% TiB: reinforced composites.

SEM observations showed uniformly distrib-
uted TiB: particulates in the matrix of each
composite. Two examples are shown in Fig. 3.
The TiB: reinforcements are light grey parti-
cles whose size distribution is centered around
1.5 um. In the case of the composites produced
by Trial A (Fig.3.a), TiB: particulates are
dispersed in the lamellar region as well as ¥
grains. When composites are produced by Trial
B (Fig.3.b), both intergranular and intra-
granular TiB: particulates are present.

From the foregoing observations, it becomes
clear that the microstructure of titanium al-
uminide compounds and composites can be
controlled by the reactive sintering procedure
through selective sintering conditions. More-

Fig. 3 SEM micrographs illustrating the uniform
distribution of TiB, particulates (light
grey particles) in composite with 2(a) and

5%TiBa(b). a and b was produced by
Trial A and B, respectively.

23

over, each microstructure is refined by the
addition of TiB: particulates.

3.2 Mechanical properties at room

temperature

Fig. 4. a shows the compressive yield stress
(0.2 % offset stress) at room temperature as
a function of TiB:. content for two different
microstructures. The yield stresses of mono-
lithic and composite specimens witha (7 + a2)
structure are significantly higher than those
of the (7 +Lamellar) specimens. The increased
strength exhibited by the (7 + @:) specimens
may be attributable to a fine grain size. For
each microstructure, the yield stress rises with
increasing TiB: content. The contribution of
TiB: particulates through dispersion strength-
ening could be excluded because the mean in-
terparticle spacing between TiB: particulates
(7 and 4 pm, for 2 and 5% TiB: composites, re-
spectively) is too large to obstruct moving
dislocations. Therefore, it seems likely that
the increment in strength with TiB: additions
primarly results from the effect of grain re-
finement. A detailed investigation concerning
the relationship between yield stress and a
Hall-Petch type equation is currently under-
way using a wide range of grain sizes.

Compression, 290K
700 H T T

600+~ 7

500+ —

Yield Stress (MPa)

400 | L e v+a,

A v -+lLamellar

30 4

Plastic Strain (%)

L

20 ! ) )
0 2 4 6

TiB, Content (mass%)

Fig. 4 Compressive yield stress(a) and plastic strain(b)
of specimens at room temperature.
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Variation of compressive plastic strain
(strain to failure) at room temperature with
TiB: content and microstructure is presented y+a2<—\-> ¥ +Lamellar —-0.3
in Fig.4.b. Although the plastic strain ap-
pears to decrease slightly with TiB. addition,
a large plastic strain above 20% is retained
by all specimens.

3.3 Deformation behavior at 1073K

Fig.5 shows the true stress-strain curves

Compression, 1073K

500} T

400}

Peak Strain, €p

for compression-tested specimens at 1073K

Peak Stress, o (MPa)

having different microstructures and TiB. con-
tents. The compression tests at this tempera-
ture were conducted to 0.25—0.5 strain. Inter-
estingly, the stress-strain curves show single

. 300 0
or multiple peaks. The values of peak stress 0 1b 2‘0 30

and peak strain (strain at peak stress) are Grain Size (pm)
correlated with initial grain size in Fig. 6. As
can be seen from this figure, the peak stresses
are divided into two distinct groups having
different stress-grain size relations. In the
case of the specimens with a grain size of 10
pum and above, the peak stress is almost inde-
pendent of grain size. In contrast, for speci-
mens whose grain size is below 10 um, the peak
stress drops rapidly with decreasing grain size.
Similar to the peak stress, peak strain de-

Fig. 6 Variation of peak stress and peak strain with initial
grain size at 1073K.

-—>Compression Axis<—

Compression, 1073K

T
5%TiB,(15 um)

500

0% TiB,(28 um)

400 2% TiB,(19um) N

y +Lamellar
300 !

1
500 T T

0%TiB,(10um)
200 r_\ 294TiB(9 um)
300 /\ N
52 TiB,(6um)
L

200

True Stress (MPa)

|
0 0.2 0.4 06

True Strain Fig. 7 Optical micrographs showing longitudinal

. . . section of the specimen with 0(a) and
Fig. 5 True stress—strain curves for specimens under

compression at 1073K. Parentheses denote
initial grain size.

5%TiB. (b), deformed compressively to
0.3 true strain at 1073K. Both specimens
were produced by Trial B.
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creases promptly with decreasing grain size
when a specimen has a grain size smaller than
10 pm.

Optical micrographs of the longitudinal sec-
tion for selected specimens after compression
test are illustrated in Fig.7. Note the grain
morphology after deformation. While most
grains are elongated perpendicular to the
compression axis for specimens having a grain
size of 10 pm and above (see Fig. 7. a), equiaxed

—Compression Axis«

Fig. 8 Higher magnification view of the same specimen

as Fig. 7. b.

grains are predominant for fine grained speci-
mens with a grain size below 10 pm (see Fig.
7.b). A higher magnification view of the same
specimen as Fig. 7. b is presented in Fig. 8§, in
which wedge-shaped cracks at or along the
grain boundaries are clearly visible. It is well
established that wedge-cracks and non-elon-
gated grains are direct evidences of grain
boundary sliding (GBS). The occurrence of
GBS is also supported by the decreased peak
stress for fine grained specimens in Figs.5
and 6.

Another feature noted in Fig. 7 is the exis-
tence of ultra fine grains having a grain size
below 2 pm on grain boundaries and within the
grain interior. To depict the internal structure
of the ultra fine grains, TEM observations
were made on both monolithic (the same spec-
imen as Fig. 7. a) and composite specimens (2
9% TiB: addition, 7 + a:structure). The results
are shown in Figs.9 and 10, for monolithic
and composite specimen, respectively. For the
monolithic specimen, recrystallized grains are
well developed at and in the vicinity of an
original grain boundary (Fig. 9. a) and on twin
boundaries (Fig.9.b). In the case of the com-
posite specimen (Fig.10), the recrystallized
grains are also visible near a TiB: particulate.
Note a high density of dislocations within the

Fig. 9 TEM micrographs illustrating the internal structure of Fig. 7. a.
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Fig. 10 TEM micrograph of the 2%TiB: reinforced
composite produced by Trial B, deformed
compressively to 0.25 true strain at 1073K.

recrystallized grains, indicating that dynamic
recrystallization (DR) occurs as a restora-
tion process. The operation of DR is again
supported by the existence of a peak during
deformation in Fig. 6. The occurrence of DR
at 1073K and above has also been reported
by Mitao et al.”” for Ti—49mol% Al, and by
Fukutomi et al.” for Ti—50mol% Al

Therefore, it can be concluded that at 1073K
the plastic deformation of titanium aluminide
compounds and composites is related to GBS
and DR in addition to slip and twin.

4. Conclusions

(10, 2 and Smass% TiB: particulate reinforced
Ti—47.3mol% Al—1.7mol% Mn matrix com-
posites are produced to full density via a re-
active sintering route.

(2)A matrix microstructure of (7 +Lamellar)
or (7 + a2 can be obtained by sintering at
temperatures above or below the eutectoid
reaction temperature, respectively. For each
microstructure, grains are refined with in-

26

creasing TiB: content.

(3) At room temperature, compressive yield
stress increases with TiB: content for both
types of microstructure.

(4)At 1073K, grain boundary sliding and dy-
namic recrystallization as well as slip and
twin are operative during plastic deforma-
tion.
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Influence of Redrawing on Surface Properties
of Aluminium D &I Cans

Kiyofumi Ito, Shin Tsuchida and Yoshio Takeshima

The purpose of this study is to clarify the effct of redrawing tool conditoins on occurence of
the surface defect called “ bleed-through ” of the side wall of aluminium D &I cans. The morpholo-
gy of surface defects were closely dependent on the redrawing conditions. Namely, when both

clearance and die radius were relatively small, the defect appeared linearly in the middle part of

the side wall. While, increasing with clearance and,or die radius, the defect appeared widely in

the upper part of the side wall. Both of them were microscopically observed as microfissures like

pits and they were caused by micro-galling in the simultaneously ironed area during redrawing.

The defect could be prevented by improving the lubrication of post-lub. and cupping lubricant.

. & C & [

T =9 LDl (BITFDIEEMRT) &, BE,
A300484, ASI4EEH 5 VIRENLOWBAEDOE
B ETRE—KomL (BIFA v v 7 ERRT) LT
HES N LBEWA v 7%, RF 4 A A EFER
ZEHAVITERORUIEROLIENTE 1 TET
S YFAINLT B Eick-TRIESENT WA, LT
MIEn7: DUEREE, —BcSERBTERAE &L -
TWa, L LENSS, ARRCEERSIERAE LTR
ZTOThH, AR, ~— vV aREoHWLoBEE
79 &, filkd 2 0VIHERICE - IFC BA 3RAE R
HEUBIENE L, TOXRMERMIE bleed-throughl,
TEM] FEEEh T, DIGFoAE RS DI,
i FESRE SN TVwBY, 72, ToRMmARMITH
LT, #1y By IRl itBeRidd &0

WMEXNTEH?Y, 2oRERBOBRFTLBLSATL
* HAMEZE&EMMeEAS (19894108, K Bl
KBWTFERERRE

xR AT R B AR T A
rrr SNBSS B TR

27

B9, RF 4 A —HICBYIHEEDMIENLS C OXM
REGicxd 2 BELSRERTEELONED, DT &
BT AMEREIEASRZT OBV, ARE, B
DINLEMEDs DIfFOREER I RS TRELHAEL

ZHhICE &2 ORABEERET LR TH %,

2. HEMRUERGE

HEE M 12 X 0.35mm @ A3004P —H3O#CTH b, &
DALEERSY % Table1 i, EHRIMPEE % Table 2 I/R T,

Table1l Chenical composition of the material. (wt%)

Si Fe Cu Mn Mg Zn Al

0.17 0.41 0.21 11 12 0.03

Bal.

Table 2 Mechanical properties of the material.

0.2% offset stress| Tensile stregth| Elongation | Earing ratio
N/ mm?) (N/mm?) (%) 9%
284 315 6 3.3
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Cupping press |

/ Blank holder
Punch Cutter
Squeeze roll
Iy 9] Die
Cupping L Jow
lubricant |
Reoiled :
coil i
I
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Bodymaker } |
i
I
|
|
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/

Pump
(P)
L
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Buwonpuz (> (]
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I |

Pump
P
L/

Fig. 1 Flow chart of D & I can forming.

DIGOBEMTO 70 —F + — b % Fig. 1 K7/ 4,
HEENIT300E50meg/m*DBD Y A 4 Vil a B ERm L -
BB (210 I, 28volBic Lich w Ev o7y
Hvr By v SHOBBEHOI LT, UTHIIVY
VAV RERT) 25749 7« 74 XHRONVT ) r—
FTEBHUILE, o BV aiTot, EF 44—
BEN Ay T EOTERRE L, REOL6HE S v
TN v Ui, MLEME% Table3 lc/Rg, v 7Y v
JENKAGR, OB U -+ — TR 7 v — L,
ke, EREh, TN SOMTREDOFMEIT» 2o B
WoOMLOWHE €74 Fig. 2 IK/Rd, £F 44 -7
W 2HEOMTEE+*EEST 5 /o8, Tabled IZ/R
FTIYUTSVvARUSASOT vREET KD 74

Table3 Forming conditions.

Cupping Body making

Blank dia. ¢ 146mm | Punch dia. $65.95mm
Punch dia. ¢87mm | Redrawing ratio| 1.33

Drawing ratio | 1.68 Ironing ratio:lst | 22.9%
Clearance 0.49mm | Ironing ratio:2nd | 29.6%%
Blank holding Force | 24.5kN Troning ratio:3rd | 35.8%

Forming rate |40spm™ | Forming rate |120spm®

(1) : Stroke per mimute

GREEAMBEL T, ZOEEEHEEL 12,

AEERICBOVWTE, VA lELT Y B v EE—
OfEEWME L, 28E il ko2 W) ARV,
BFE g A=Hy—F v (BF g A —HTHOBITH)
i, @RBEBETROI T LY s v 44 TOED %
10volBEECHY, £ 7 T501/min DEAERF 4 A —
TICHHA L fce FIWO 7B D EEIR % Table 5 12779

Cup (A3004)
/

Redraw die

Cup holder

Punch

Clearance

Fig. 2 Cross section of schematic model of redrawing.
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Table4 Dimentious of redraw dies.

Die radius Clearance
No.
(mm) (mm)
1 1.3 0.305
2 1.3 0.335
3 1.3 0.365
4 2.4 0.335
5 2.4 0.365
6 2.4 0.395
Tabled Characters of oils.
oil Viscosity | Acid value |Saponification value
1
(cSt, 40°C) | (mgKOH/g) | (mgKOH/g)
Reoil/ 0ill 49 21 156
Lubricant iy 9 4 14 166
Coolant oil 178 13 23
3 ¥ B B B
3.1 RERKEOHRE

Fig. 3ic U A M VRGNV T Y v M1l 2 0T
FELDIFOREE N L —Y v = =2 N LTH
R L 7Pl 2R T, RIPE B - iy pkifiRia &
NS TH S, 2T, (a) DEABTHRDOE

TRMEE 74 7 A, (b) DX IITIHIERITIED - f {RFE
DRMEE S A4 7B EERT 5, T ORERME IR
B CHRE T 5 S M A Ha N IEE b NTE {,
SEM THE T 3 L LIRS - T W 5EY, RERICE
WTHE SN RIEH A SEM THE LR % Fig. 4 1
Tt o HHRICEA 74 T AORIES, EEIC/EL
HE Ly 4 7BORMS SEM THET 3 &, #Hi
oy MRICEZ AEONELLELEL, £0E y MROH
DGEMKRTEEL LNICE KRAT, #-T, 2Dk
ERME DT LNIROESBE S FEET B 12,
OB OENBE Y, oS E2E L TR
5EEHITKHAPDTHY, ZOABUIZEL > TV
THRBED LD TH 2 LEFBL SN,

Top
é‘© %
~®
@
\_/ Bottom

(a) Type A defect (b) Type B defect
Redraw die No. 1 Redraw die No.5
(clearance : 0.305mm> (clearance : O.365mm>
die radius : 1.3mm die radius : 2.4mm

Fig. 3 Examples of the surface defects.

50um

Type A
defect
Redraw die
( No.1 )

Type B
defect
Redraw die
( No.5 )

Fig. 4 SEM images of the surface defects.
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BB Table 4 IR REHK D &4 TEIE L 2B &I
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Bbb, 7V75 v ARTTA 59T ADMAB/PE W
AT BRI IR DR (54 7A) & LTH
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FAREE (44 7 B) &fot, —H, 545 VT ADBK
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Fig.5 IR LR, ZMOFEEA R 6 MK
TH BN, BRI E OB DRV E S IKBA T,

o OERERMEEELT 3o, @MILEREIK
w4 B RGO EREERE KD 2, FEHE% Fig. 6 iIWR T,
IRMEOTHRERSBEARE LB LAR IV T SV ARV S A
597 ZAOMEENELL, 70T 5 ¥ ZHH0.36mm,
F 45 Y7 A2 mm BRETRAICE S SHES NS,

Clearance (mm)
0.305 0.335 0.365 0.395
o 90
13 l ‘
€
E K\"//
w
=
ke
S
@
: L
2.4 45°
2.0)
Fig. 5 Effect on the surface defects of redrawing conditions.
i
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Clearance (mm)

Fig. 6 Relationship between the ratio of the defect area of side wall to the whole area and

the redrawing conditions.
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MCMTEREL, LEBEAT A —n2BETEI o o e an e
By 7 GRAT =0Ty TNERTE) £ il i ose & BT REESICETORME
fERLCEORMETIL o 7 v €0 7 OBMTIER 0 T
M DS AR B U750 1o, FHCD ML & TH 017 A RN e D 54 No
TLRV Y70 (B> 7) T, Fig.d SASO )y oo chsisn s 5 57 21 8mm) B
Wil RERHGOTLE DT 1T SHSORTIMG |y | je o 59 o o005l SEM (8 2
BOTROBEONTHCARL DM SR 20 o Zh L pie s ity 4o B oK

1 FOMTCBI ML CEMIER, MBEESAs Y FAU 7, FBD 1 No.5 (7 )7 5 > 20.865mm,

77 Y AKDSRE LD, [ S A 2K Y FOMT 545 V7 224mm) EHER L TER LI 27— v+
REMBIEAH B S I LTHNE RS,

e
I

¢ Forming < ;c:rmt{ng
direction ection
L 50pum L S0um
(c) 2nd Ironed can
Fig. 7 SEM image of the middle part of samples at Fig. 8 SEM image of the upper part of samples at
each stage during body making, in the case each stage during body making, in the case
of the redraw die No. 1, which was likely of the redraw die No. 5, which was likely
to occur the defect of type A. to occur the defect of type B.
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v 7@ SEM §%5RT, Wi s bIHROMIICE T
BEELCEMTRTS 555, BRO Ay TIEBVT
12, Shikd 30t LROIFREASEL TW I, &
OPENE, BLLIE, F2LITEEMUSEDICD
NTEy MR- TWE, RIRIICEI LI OKRT
Lcslsas (Fig. 4 8HB) OXH K- EEBRLoNG,
FD oy FIKBWTEERMESE U h - o fIE D
SEM #% Fig. 9 12iRd,. (a) BHEKY 51 No.1%H
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COWAEUDIRE > TVAEY, i, kb 5
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(a) Upper part © of the redrawn cup, shown in
Fig. 3 when the cup was ironed.
(in the case of using redraw die No. 1)

—F, By ¥V /ORI VT LiRoRmEAR A E
Cat0WiHitbdsH00, JokHBEFAOHEI
i, ey T A Y v SBEsh T WA )i, TO
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TV, H oy €V 7 QBB T ISBER & 0358
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(b) Middle part © of the redrawn cup, shown in
Fig. 3, where the cup was not ironed.
(in the case of using redraw die No. 5)

50um (/ Forming direction)

Fig. 9 Surface morphology of the sound portions of the redrawn cup.

(a) Middle part of the redrawn cup corresponding
to the part (& shown in Fig.3, in the case of
using redraw die No. 1.

(b) Upper part of the redrawn cup corresponding
to the part (8 shown in Fig. 3, in the case of
using redraw die No. 5.

50pm (« Forming direction)

Fig. 10 Surface morphology of the redrawn cup using newly developped oil of No. 2.
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Influence of Redrawing on Surface Properties
of Aluminium D &I Cans

Kiyofumi Ito, Shin Tsuchida and Yoshio Takeshima

The purpose of this study is to clarify the effectof redrawing tool conditoins on occurence of
the surface defect called “ bleed-through ” of the side wall of aluminium D &I cans. The morpholo-
gy of surface defects were closely dependent on the redrawing conditions. Namely, when both

clearance and die radius were relatively small, the defect appeared linearly in the middle part of

the side wall. While, increasing with clearance and ~or die radius, the defect appeared widely in

the upper part of the side wall. Both of them were microscopically observed as microfissures like

pits and they were caused by micro-galling in the simultaneously ironed area during redrawing.

The defect could be prevented by improving the lubrication of post-lub. and cupping lubricant.

1. & L &

T =v A DI (IR DIEEFRT) &, @,
A300444, ASlAEEHAVIRFNSDHBEAL O
EHAFTHRE — 8O M QUFH» v 7 Efd) LT
HEINIHENEWD v 7%, F5F 4 2 —~HEREN
ZEH S VATERKOKRUIEBOLIEMLE 1 TRET
g vFAMTTAI it THEENTVWE, LT
ML &7 DIEFEERIZ, —MRICERBZERE LS -
TW3, LeLESS, ARRTEERSENAESL L TR
ZATOVTH, AR, "~V BREFOHNBOBREE
o &, Bitkd 2V IdERIcE - 1T B 2 RE R
HEUB &b 5, TOEHERMG [bleed-through |,
FEf | EEFEhTED, DIEOAEAIER 2 oo,
B A s E s TWAY, £, T ORERMEIIH
LT, #1 v Ey 7 E&E0mlmst s BefiEd < L
WEENTHBO??Y, ZoREKRBORFT BRI TY

+ HAEBESHEMLEAS (1989F10H, B Bl
BV TEEREFREE

R {2 ST TRl ==Y P R el

* e BRI FTETIC A B R

39, RF4 A—AEBITIEKOMTEES CORH
RIGIR T 2EEBHERFLEIONSEY, COT L
KRBT AHMERBEASRZT ONE VL, AR, B
DI DIFORTMERIC R ETRELHAEL,
ThicE S 2 ORERBER LR TH 5,

2. HEMRUERRTE

MM 13 E £ 0.35mm D A3004P ~H3IM TH O, £
DibEERS % Table 11, BEEIEEE % Table 2 IZ/R T,

Table1l Chenical composition of the material. (wt2)

Si Fe Cu Mn Mg Zn Al

0.17 0.41 0.21 1.1 1.2 0.03 Bal.

Table 2 Mechanical properties of the material.

0.29 offset stress | Tensile stregth| Elongation | Earing ratio
(N/mm? (N/mm? ¢ %)
284 315 6 3.3
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Cupping press }

l Coolant tank
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coolant

Pump
(P)
L/

Pump
®

D &lcan

: L

Blank holder
/4
Punch Cutter
Squeeze roll
Ny 9] pie
Cupping L Jow

lubricant |
I
|
|
i
|
|
Bodymaker 1 I
I
|
I
I
I
I
|

v Cup holer

—

L S—

suwolpre [T > (]
Buwoupuz > (1
Suwou st [ > (]
Bumedpay [

Fig. 1 Flow chart of D & I can forming.

DIEOHIEMID7 o —F v — b % Fig. 1 TR T,
HEEIZ300=50mg/ m*DED ) 4 Vil A BEEIM L
HEH (140) T, BvolBic Ly By I 7y
v By EvsHoOBBRoCET, UTFHiLY
DAY PEFT) B2F 497 e 74 ZHRONT Y r—
STHEHUIE, Ho B I %2iTotie RF 44— AT
I NA Ay 7 ES00H GRS L, RERO6HEE T v
TV v Ulco LM% Table3 io/Rd, # > 7 Y v
rENER, TIROBK S Y — > -T2 7L -,
JKEE, I, TN o OMTERRMOMETT - o B
BomLoWEe s V% Fig. 2 KR d, E5F 4 A -2
BT AHROINLEME=ETEST 3 2%, Tabled IR
FTIONVTSVRRUSIAS VT v 2A5ETLHKD ¥4

Table 3 Forming conditions.

Cupping Body making

Blank dia. ¢ 146mm | Punch dia. $65.95mm
Punch dia. ¢87mm | Redrawing ratio| 1.33

Drawing ratio | 1.68 Ironing ratio:lst | 22.9%
Clearance 0.49mm | Ironing ratio:2nd | 29.6%
Blank holding Force | 24.5kIN Ironing ratio:3rd | 35.8%

Forming rate |40spm" | Forming rate |120spm™

(1) : Stroke per mimute

CTEHARAELT, 20RELHAL 2,

KEBRICBOTIE, VA4 VELT Y A v b ikE—
Ofg#E U, 28E Gl Lo 2 &Fd) 2HV,
RF 4 X =H =5 GEF 4 A —HTHOBITH)
i, 2L bHiRoz vy a vt 7O D%
10vol%GIBEECHW, # ¥ 7 T501/min OBERFT 4 A —
ITHEE Utz BV Il ik % Table 5 1274

Cup (A3004)

Redraw die

Cup holder

Punch

Clearance

Fig. 2 Cross section of schematic model of redrawing.
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Table 4 Dimentiobs of redraw dies.

< Die radius Clearance
No.
(mm) (mm)
1 1.3 0.305
2 1.3 0.335
3 1.3 0.365
4 2.4 0.335
5 2.4 0.365
6 2.4 0.395
Table 5 Characters of oils.
o1l Viscosity | Acid value |[Seponification value
1
(cSt, 40°C) |(mgKOH/g) | (mgKOH/g)
Reoil/ 0il1l 49 21 156
Lubricant| 19\ 44 1 166
Coolant oil 178 13 2
3. ¥ B B R
3.1 KEXRMBEOHE

Fig. 31V A A VKRUNT Y A v izl L 2B O TEK
BLEDIEOERmE P L—V Yy r——%NLTH
BB L 2R T, KPR 8 - 1 B RIAKME &
HEENIATH S, 22T, (a) DEIREKRDE

mRKa%E 7 4 7 A, (b) &SI IUEBITEY - 72 R HE
DRMHE 74 7B EFEHT B, < OEEKRMGIZIEHETE
W THET 2 M AESPIEFER I NTE
SEM THIZ 4 2 L& LIRITE > Tw 5%, RERICE
WTE SN /RIGEE A SEM THEIE L /- f5 3 % Fig. 4 1
Rte BHRICRA 224 7 A DKM S, DEICIES
HIE L4414 7B oK SEM THET 2 &, #Hbn
Ey MRCEZ ZEADBESHELEL, 2Oy MROE
SEFERTBELD LKL IR A I, #E-T, 2Dk
HRME D158 LR OIS B E { FEAES B 72T,
FORFOEANSEL 2D, HOBOBREELEL TR
5LESFCHEZAZEDTHY, TOABIEEL - T
THEOLDTHEEEZ ST,

Top
~—©
~®
<D
N Bottom

(a) Type A defect (b) Type B defect
Redraw die No. 1 Redraw die No.5
clearance : 0.305mm) clearance : O.365mm)
(die radius : 1.3mm (die radius : 2.4mm

Fig. 3 Examples of the surface defects.

10pum

Type A
defect
Redraw die
( No. 1 )

Type B
defect
Redraw die
( No.5 )

Fig. 4 SEM images of the surface defects.
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3.2 RERMEOFEERRL

Fig.5ic, M1 2V A4 VKON T YA v MITHWT
B8 D Tabled /R T HHED 74 THE L /o &R
HLURENIERARED R 7 v F2RT, REKRMED
FHHECEEHROMIEHF L > TRELE(E LI, T
BhB, 7V 7S VARUCYA 5T RAOMEMN/PE W
B dmERpisBciiRori (414 7A) & LTl

HL, 70735 v 2BKELIEB EREICTIEICIED -

7oIRRE (94 7°B) Lliote, —H, 914597 ABK

WA S ITEIICIEE » TRIEE 12 5 12

Fig. 5 iR LM, BMOEESE ST 5 M8
THBHH, RiFREE OB DIV X D IWBA o,

Ih o oRAEARMEERLT A0, £@NIERImI
Xt BRFGEEBOHIERE R DIz, FER % Fig. 6 1R 7,
KEGOERESRKERZLOH VTS v 2RS4
YT ZADOMERSELEL, 7Y 75 XHH0.36mm,
T4 S5 V7 AN 2 mm BETEAIZE S EHEFES NI,

Clearance (mm)

0.305 0.335 0.365 0.395
o 90
13 | |
T
E
=
©
g
Q
24 o 90 45°
(2.0)
Fig. 5 Effect on the surface defects of redrawing conditions.
i
50+
40+
$ A
~ 3 3.0 =
§ 30- &€
& S
= 0\@""
B
[ ol
3 2.0
[
a
10+
10 T T I T 1
0.30 0.32 0.34 0.36 0.38 040

Clearance (mm)

Fig. 6 Relationship between the ratio of the defect area of side wall to the whole area and
the redrawing conditions.
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4. & 2= MR Lo 70, B1 LOXETHERDE?2 LT

SETHIC RO H v 7 & IR FETI RGO FetE D3R

4.1 BEXRBEOREBEROHET Rt AL KR e S T L R
ERRMGOFETEZFA L b, DI lﬂjﬁﬁ@%‘r& MW h S EREOZNE D S TH - ey DT
BT EdEL, VEBICET « A — A 5EET 38 L, RTF =YY Y PAOEIEHHFETH B 1w Tl

FPOS 70 (UBEAT =09 TVERT 2) & g s ol & @ TR HSICET O
TERR L TR ORI L7ze 7 v E 7 OBRBETIER b THDEEL DI,
M RIGORERBERD B OKA - foh, DT 2 TH 547 A DRERMEHFEE Ltc, HED 54 Nod
TULEY Y7L (DAY 7)) T, Fig.5 EE%0 (2975 20305mm, ¥4 5 Y7 213mm) % F
BN RERIGDFEDTS DI THEOREIME | e 1 Sy oo e SEM (@ 5
BUFnsEROIMTHIcER L ST 4521 56 Fig. 715 ds 7, Fig. 812144 4 7 B O ER Kb
1 HEONTicBd sEELCEMIE R, MBEEsA ) Ferk Lo, D 94 No.5 (2 Y 7 9 » 20.365mm,
7T YARD SRIOLDIE, FED S LR T ORT 54597 224mm) EEMALTHER LI 27— Y5

B EHRLIPBNETEE VS,

SE R BEE S

¢ Forming d F.ormt.ng
N direction
direction
L 50pm 50pm
(c) 2nd lroned can (c) 2nd ironed can
Fig. 7 SEM image of the middle part of samples at Fig. 8 SEM image of the upper part of samples at
each stage during body making, in the case each stage during body making, in the case
of the redraw die No. 1, which was likely of the redraw die No. 5, which was likely
to occur the defect of type A. to occur the defect of type B.
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¥ 7LD SEM B%RT, ML IR M
BRI L CEMIRTH 2, DAy Z7IRBVT
&, EhiRkE B VRE LIROIRNBEL TV, &
OYENE, F1LIE, 2 LIEEMIBES D
NTE Y MRITE > T &, BB LTZ0KRT
U BmE (Fig. 4B O X 5t -7 &EZ b,
RO v 710 B O THRAERNEHEE U2 - 7 hrE D
SEM %% Fig. 9 1289, (a) WHAD £ 1 No.1 %M
Wiz h y TOMLEWTH Y, FEL TEMLAEZ T TV
205, ke 5V iIdE LUROIIFENRRD Shidis -
oo 1z, () WHHED 54 No.5 &\ 7oA » 7 Oth
REFLTH Y, BEL SEMILEZT TOWRWRSTSH 5,
COWAELDIREE > TWEAE, iy, Ehikd B
Wit LRROBENRED Sk >, PlEDT &
kb, CTORAERMSERDMTIcE S 2FEL &M
TARIRPIC B O TR IS B ARRAHE T b, #D s B
%2 UMK S BV idt LIRDALFN & 185 T
LIHERYT B b0 EEL LN,

(a) Upper part (© of the redrawn cup, shown in
Fig. 3 when the cup was ironed.
(in the case of using redraw die No. 1)

—F, Ay Ev ORIV T EERoREmAMAE
LBEVWIHELHANYY, TOLIRNHEHOEEIC
&, By IV A Dy IMEEhT VWA DIL, TO
B4 Yy BRI B O T BEERIENECLbD L
EBZONL, KEBTE, Hy TRFAIVIDBHEEIN
TWIE W, H v v 7 OBRBETRMD BT & 255
EE, Snkd 20RO LROFERMESHBEL L G
Mot bDEMES NI, Ay TRYA Vv IElidT T
i3, TR X - TR ORERBEOMILICERC
FeRdT 22 &85 59% #0ERELT, ¥1V VT %
MT&ickoThy 7 LERBEHBEOES B A Vv T
AL TCORWY Yy 7OENLD bEL LB DI, B
BoMTIcBIF 3R L CERWNES D, 2 OER
HENTAY, FHSEERARSEIDICSESED
LTHHEEZLOND,

2 By TOYA TV I ERE, by TOFEEMNSLSLEED,
By 7RO E AN AR T 2E0ENTERT A v
7 PR OER L CEMIol &R v S,

(b) Middle part ® of the redrawn cup, shown in
Fig. 3, where the cup was not ironed.
(in the case of using redraw die No.5)

50um (v Forming direction)

Fig. 9 Surface morphology of the sound portions of the redrawn cup.

(a) Middle part of the redrawn cup corresponding
to the part & shown in Fig. 3, in the case of
using redraw die No. 1.

(b) Upper part of the redrawn cup corresponding
to the part (B) shown in Fig. 3, in the case of
using redraw die No.5.

50um (v Forming direction)

Fig. 10 Surface morphology of the redrawn cup using newly developped oil of No. 2.
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Improvement of Press Formability of Aluminium
Alloy Sheets for Auto Bodies by Applying

Dry Lubricant “DL 17

Tatsuya Hikida, Yoshio Takeshima and Hideyuki Uto

Compared with the steel well-founded, inferior formability of an aluminium alloy sheet for auto
bodies must be assisted by the further movement of the blank into the die cavity through the con-
trolled lubrication between a punch and,/or a die and the sheet. The lubricity of a dry lubricant
DL 1 useful to the press work of the sheet was investigated by sliding lubricity test, conical pla-
teau forming test and door-outer stamping test. The results obtained are as follows ;

(1) The lubricity of the sheet was improved to the level of high viscosity oil (92mm?/s) with the
amount of DL 1 coated on the surface, resulting in the effective control of fracture.

(2) The combination of DL 1 and wash oils with low viscosity overlaid on DL 1, when the situa-
tion would be encountered when the sheet coated with DL 1, was washed by the low viscosity oil
prior to the press, led slightly scattered results depending upon the lubricity of the wash oil. The
reason is that as DL 1 is more or less apt to be removed due to the high contact pressure, the
wash oil performs an important role instead of DL 1.

(3) The lubrication condition with which the maximum forming depth was gained in the conical
plateau forming test and also the best door-outer was stamped apparently agreed with that in the

sliding lubricity test under the high contact pressure rather than the low contact pressure.
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2.1 #EH

HEM I, AEEA T H000%R TV =9 &4 6&
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Fig. 1 Surface texture of test material.
(Laser —textured Dull)

2.2 BEHE
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Table 2 Main lubricants for the tests.

Lubricant Viscosity Note
(mm?*/s)
DL1 - Developed dry lubricant
A 4 Existing wash oil
B 5 Experimental oil
C 92 Drawing oil

Tablel Mechanical proprerties of test material®™.

Yield Tensile |Elon-

Erichsen value

Bulge height (mm)

Ellipse Ellipse
strength | strength | gation | n-value | r-value Circle
Vaseline| Johnson 58x94 38X A
N/ mm?) (N/mm?) - (%) ¢ 100 -
Wax 0° 90° 0° 90
125 271 31 0.32 0.70 8.9 10.1 29.8 21.4 20.6 16.4 16.0

(1): GC45—-0 (Al-4.5Mg—Cuw, 1.0mm
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Fhye T2 {2

(a) Blank holding pressure : Low
(4~12N/mm?)

/A
Q.
1

TH/2 H

(b) Blank holding pressure : High
(50~ 150N/mm?)

Fig. 2 Sliding lubricity test.”

¢ 200

Wrinkle Fracture limit

limit

Forming depth, H

Blank holding force, BHF

Fig. 3 Conical plateau forming test.»
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KOWTHBHBNE B3 EHBEOBEBRENEE
Zohb, UHRAIEHOPTIE, Bilo wfEhS i A
XD ESIEL, BIFTH o710 ARERLD, BITOR
Bickir 5 DL 1 OhEGEEHE LT, AW, BHRUY
CH%EREELI, £/, DLI1OLBOHEE 5 ORK
HE UTESEOEREmTH S0, EBYmE LTk
AMBRUBHEHWSEZ &L,

S
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Fig. 4 CEETFRBRROCEHERRICB T 5 DL 1 #
WK% O DL 1 i 8y ShicBe o u Bz
O ufEE & bicRd, DL 1 #&AEIZ150, 300K
7¥1000mg/m?® 3 » & U, LB i 87 25000
mg/m*® uEERVI, B8, LB HEOBHEZ300
mg/mPLER BT u i RIF T EEIL/NS D 5 T,

DL1®#HEB & uEOMRREERCEEREED ©
BHEICh2H 5T, DL 1 BHERSEVIEE uBEHER -
f2o DL 1 @ yfli% B Mo pfEE k<% &, DL 1
BB S, EEFERERICB VTR, BHE00mg/m?
F TR L 0 &V, 1000mg/m? T 13 EREE O
CHEDRIBEVH OO, EXEO AMKRUTBHMLD I
BEBITEL B ot — 4, BEHERBRICBVL T, B
B150mg/m?* T LB H X 0 SV A, 300mg/m* T
BXED AR UBL DKL E YD, 1000mg/m* T
EHED CHLD d{E -1,

DL 1 iciilgmh by shie B4, BEERBRK
BWTIR, DL1 2GR ,»2b 5T DL EMOBRA &
D pEBEL - DL 1 BAEI00mg/m?D Liz A
WERIE BN LR ENLBED uER, EHEDC
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Table3 u-values of oil lubricants by the sliding lubricity test.
Viscosity BHPY : Low BHPY : High
Lubricant
mm?/s 150mg/m® | 300mg/m? | 5000mg/m? | 150mg/m’ | 300mg/m’ | 5000mg/m?
A 4 0.29 0.27 0.23 0.31 0.28 0.27
C 92 0.26 0.23 0.02 0.28 0.24 0.19
X1 2 0.37 0.36 0.32 0.43 0.38 0.33
X2 4 - 0.32 0.29 - 0.34 0.30
Y1 6 - 0.35 - - 0.37 -
Maker
] Y2 17 - 0.27 - - 0.39 -
ol 7 5 0.29 0.98 - - 0.32 -
z2 10 0.30 0.26 - - 0.30 ~
73 17 0.27 0.23 - - 0.24 -
74 21 0.36 0.31 - - 0.41 -
B 5 0.25 0.24 0.18 0.28 0.26 0.25
Experimental El 5 0.37 0.35 = 0.39 0.36 -
oil E2 5 0.38 0.37 - 0.48 0.41 -
E3 6 0.37 0.36 - 0.45 0.40 -

(1) : Blank holding pressure

0.6
|
Blank holding pressure : Low ] Blank holding pressure : High
05 §
e |
0.4} :
I ] <
= 03} | LA <
3 | 7Rk
m
0.2} + : ff_ o
< o :
+ + I +
< m |
0 — At +
A B C DL1 DL1 DL1 A B C DL1 DL1 DL1
S S/ 2
5000mg/rm? 150mg/m?  300mg/m? 1000mg/m? 5000mg/m? 150mg/m?  300mg/m? 1000mg/m?

Fig. 4 u-values of DL1 and control oils by the sliding lubricity test.

MEDEL B o7, —F, mAEERICBVL TR, KT
FHEBRICEIT513E DL BB &IER L T ufEid
KT&9, DL 1 BR300 & U1000mg/m*T i, A jfids
L&Y SNBHITE, DI EES plENEL K -1,
@B >WTh~NE &, HERU DL 1 BHEIT
Phod, AP LR INAEEEY Bl gy &
NIIZEDH N u E &, - 72,0

Fig.5 iDL 1 84 Lc <0 MR oT8H)
iz, DL 1 Bt AR OB mA LBy s Nk Be
KDWTRY,, EBHEERBF BV T, DL 1 Bjo
BE LHMEmS LS B S, EEEICE DL
PHSIBE L Thi, —7F, SRERBRF BV Ta,
DL 1 858 150mg/m*cid, FBRoioFRII LI H S
FDLIBBELTWE b1, TOLSBEAE, b
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BOMOENS B EA SN, DL 1 BT 3EBHIE
BEfTE &L SN AINESERICBE NN, Bl
WP EBRD SNLBERIEBEAEALNEP 7, DL
BAB1000mg/m*TlE, DL 1 BoEA RSB E
LTWizhs, s B8 SniGaidb 3o LR
BLTWh i, BBREOKTE plEdiises L
DL1 23R ARET 2 -3, 2BERE
TAHIEBBETHEEEZ OGNz, BBHSLE®ED S
NEEASIEEFE T IcBLW DL MEEHRERICEF LI
KBk, DL1icd > TRARICTIE B398, L&Dy
ShiciEmic L 2EEUMRSMEE LS50, DL1
BphoGAe & B L CEBES KIBIE TS 2 2 & 37
Vo LALIESS, MEShAHEESEEEZE LWL, L
BOT A H bR HISEBERT b ONEE L,



188 H# K B2 & B B B July
DL1 residual : Rich Rich
Surface roughness
Original Es=—c=o =t
surface ==L D depression
Slided i = = = DL1 1000mg/m? DL1 1000mg/m2+A
surface Tt e 0.1mm BHP : 12N/mm?
Poor Poor Rich A little

DL1 150mg/m?
BHP : 150N/mm?

DL1 150mg/m2+A

DL1 1000mg/m?

DL1 1000mg/m?+A
BHP : 150N/mm?

Fig. 5 Appearances of DL1—coated specimens after the sliding lubricity test.

4.2 M#EEREER
Fig. 6 i DL | BBOBA&OENRA R T L bRFA %
FEEEmozn s & & bIURT, hEREmOEI R
B3, CH>BH>AMERD, BHEO CHMMBKR S
m otz DL1IZDWTIE, BAR150mg/m* T I3 KRR
O AMEFEFESETH - A5, 300mg/m? T ERE D

Forming depth, H (mm)

65

60

55

50

45

40

35

30

200

25 ! i 1
0 50 100 150
Blank holding force, BHF(kN)
Pig. 6 Fracture and wrinkle limits of DL1

and control oils by the conical
plateau forming test.
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CiL MY EL Y, 1000mg/m* T, AMmAEER
L7 SPCC &P Ficg ThRlLELice —F, LA
BENERAE VISP - oo BINRRE LHRAD
REOBRIGES, $1hbb, EnbLbbR{RELRE
BEABRIEESIE, DL1K2WVWTRER2~3mm§T2T

3dEPBHRENBE VIR EREN T,

Forming depth, H (mm)

65

60

55

50

45

40

35

30

25

0

{
150
Blank holding force, BHF (kN)

!
100

200

Fig. 7 Fracture and wrinkle limits of DL1 overlaid

with oil A or B by the conical plateau
forming test.

/m2 A
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BTHEODORig. 4iIT/R Lo L Hic, DL 1 BREBHENZ L
3 &S ELEL, ﬁ47:—zi?@@§%ﬁﬁm
SKBBEDT, MEDO T4+ v EF 4 ~NORADBEES
7y, /%E%®ﬁﬁﬁﬁ%hﬁﬁéottmof,
FINPEREEEL 7225, 54 REBICE WABERHE A
FIOTHETEN IO RKESLBED LOERELYT
K8y, LBERBET LALEELONS, BHENE
WE ERRBIZEEBRE D - DR, v FHOMEE
AT B ik - T, RIHEKRIERAMSRHEL 272
HBTHAD,

Fig. 71 DL 1 Kili@mss L8 0 s e & oS NR
REUCLOLRA%E, DL 1 BMoBEA LKL TR L 7,
DLIWCAMRELE BB LR s nES, DL1I &
FE1S0meg/m* T, HEmP LB I NI EiITE -
TENPRAEAE L LA, DL 1 B4 81000meg/m? T it
BT L WFNOBE&s AMM L&Y SW S X
D Bl LB s NABEDHED, HNBEREED -,

58, MitHEEaERicBY 3 UbMAREEL.2~4.8
N/mm*T&» b, ?&Dﬁ%ﬁ®ﬁﬁﬁﬁ%&ﬁ%%b
CRENDTFTH 1288, BonkEREIEEohEL
5&%@Eﬁﬁwﬁﬁﬁﬂmtfm%o

4.3 K770 —ETUVRER

Fig. 8 IKE 7L ARBIC BT 5 K77 98 =/ RV

ERoAREEnoflE2RT, 7V AR THAEL L
UhE3ENhE, YD CVFEELBIAE, 5
M@FT/T%&@*&??&?%V w%f% 2o
VEEEE, 75 v OB SOBAIRLARDETKRE L
&%f%%@wﬁbf,FT/f&U#+57954y
Wi, FA RSy FHUNORHEFERSE LIKIET
b5,

Fig. 91c F 77 v & — S 2 VENFE GRS O Wiz
WERT, Ny FEERZR, BIH TR Imm, 77—
WTH15mm TH Y, FMABEFERE—H S mm TH 5,
TN =9 AREIRD 7V ARIEIR BT 3 51 BERIE,
TR 5 ~Tt, a—+ -T2 6~12t (¢ : E=
Imm) BHEYBEINTVBRYDT, KEMoD 51 FHFE
EBRIEI/NE VWbhiF TRV, 2B -7 -
FORBF oNTEY, MABHIH I NS 0B EF
HELPTB->TWEEEZOND, —F, FT/ 7K
UF v 578954 /BeBOTENERE L EHHOB
ERE, FNFN25KRTLSmm TH Y, R VERD
T HMRDTNSWETTH - 7,

Table4 i < Uz 3N RS HEEEE LD
AT OREAEIRT,

N ERESTIORIE LR AEKRD LbiA 12Eh
FERALULEZANEL, g b RELE

Fig. 8 Appearances of the door-outer panel and the fractured portions.
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Section DD’ Section AA
R2.5
R2.5
R4 R3 .
R25
RS Ris5 R2.5
o
i
C
~
iy
&

R9

RS
R4
R3

545
R15

Section CC' Section BB’

Fig. 9 Sectional forms of the fractured portions in
the door-outer panel.

BEKDLOMA 2L ONFEERAELOIFLNELT
Pl A &, HEHEEmA, BRUCIK>WVWTIE, Eh
FAERRA LOWA L, CH>BH>AMTH D, St
BOCHPRORNEN -1, S CNFERR L b L
J1I CHlI=BH>AMTH -7, DL1 BEMoDEA,
BAERI0meg/ m* T, BINRERRLLHA LT
NEERA LD NI ENETL, WEFnd AHER
ETh ol BMEL00mg/m* TRENFKERRL b
WANRCHMEFEETH -4, < UNFERA LbHH
ANECHEOKEMN -7z, DL ICEEMA EED &
NiiE4d, DL 1 B E150me/m> T3 EIMFAERR L

DT, CONFKERRLLEAE S, DL 1 B
OBE L DAL, DL 1 EHEI00mg/m*Tid L&
h &N B BHOB&RRELL 2N, AloEe
BEINFAERA LOIZ BET Ui,

Table 4 OFERIE, CHIDENFARRR L b2 1A
REWT EE2RGE, MEERIERRICE T 2N EA
DR E BTG L TV 3, FSEHRIERRICE T 34
NERFRE, BORSOEENRKEVDIH LT, FT7T7
vy —E7VARRTE, SihoRAESEELLTrFT
TRUFv57 554 VOBENTRE - TOWB 2Dk
HIERSY DB A E WA, LWFNDOE4E S DL 1 %1000
mg/mBHT B LIk - T, EFEHERSEL Lo
NBFILESIRAB LN TV B,

F77o s -7V ARRICBT 3 LOMAEET I,
LOWANE7 5 v VMK TET 2 L ThidFEE 3 ~
TN/mm*TH by, "—7E— FELTITZTELLT
S 6 ~14N/mm?*TH - 12, THbHE, WFhic L
Thd, UbHAEEET D B OKEERR o #HH
TH-7eh, FERIT>VTE, HERRIERE & Rk
EHERBRERE ISHIEL TS, Chid, 75 v
s, MsEAEE cMBAAROEMER 22 150 5
THEEETNY, F77o0 8 -E7 v ARETRE—F
WeoOMTR LEEAZH B LTERE T <559,
TR OBEES TN ERERBROZ N LR, B
TEHLWIRRILH 20D EEZL LN B,

b, & & &

HEERF BTy 688K 7V A50EH %
W& B0 ICBIR L - BTSSR DL 1 o B4+
TROHEEYRRTHEAL, FoMREMMERTERER
EFTTO Y —OEFUVIRRICE > THERE L, B85
NIFERBLITOX S TH B,

(1) DL1 ok, #ugrgviEsnmlkl, =

Table4 Stamping test results of the door-outer panel.

Lubricant Blank holding force (kN)
DLI Oil 500 ‘ 600 700 } 800 ‘ 900
Fracture
o Necking. oo o l
150mg/m? Fracture
R ‘Necki‘ng
1000mg/ m’ . Fracture

40

Necking
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OEINFEIEHERE, BRAEI0mg/m* TRERHE LT
AWV N A EREMNERRBET LML - b, BhE
1000mg/m* T id Sk L 0 BN TV,

(2) 7V RABIORETOEHF TEICE WT DL 1 1ok
By bRy ShB4&0EE R, DL1 oBHERU
E®y an i EEHOBHICL - T, JVARESEE
CEOWHIEMIBEENH -, T, iEhE LS
D LESE, SEE T8 TREHE I DL 1 »5EE
LI o tcl &Ed 5, EEmOBENRIS ML S b0
D DL 1 BEOMEBHRERMLT D TH 5, Lichi-
T, FBomdabbEhIERERF L ONE
LW,

(3) MstBERIERBROF 77 Y4 £ 7L 2RBRO
LhMZHEE R, 370 ERtoERTERROEHTH -

41

e, BRAEEERROZAEMG LI, Thid, &
BAZF RN 5T ROACHEEGREABRK T F 77 Y
5 —R7VARBROTH, 0 HBHERRICL~NT
DBEETH B EEZ SN B,

X o

1) HP®ES - WSk, 276 (1972), 96.

2) B B, GEEEE, =E & RS, 276
(1972), 99.

3) BEE K, BHE=,
27 (1975), 96.

4) TEMEE S - (ERER, 425 (1990), 60.

5) B, BHER, FHHLZ A%, 32 19D 39.

6) BeFEWL  BBHEO7 I IERRAS F-BER -, B
&R, (198D, 27.

ERES, K B ERER,
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Effect of pH and Potential on
Chromic Chromate Coating

Hideo Ito, Takahiro Koyama,
Akihiro Kiyotani and Masahiro Nishio

Chromate conversion coating is commonly used as surface pretreatment for painting of alumin-
ium.

The formation reaction of chromic chromate conversion consists of redox reaction, neutraliza-
tion by pH rising and film formation by precipitation.

The effects of pH and potential in conversion solution on coating rate and mud-cracked coating

film were investigated in accelerated chromic chromate conversion solution.

(1) Coating rate was accelerated by pH descending and critical potential, which had a maximum

coating rate, existed at—0.6~—0.7V vs. SCE.

(2) Mud-cracked coating film was increased with the coating rate.

(3) The amount of flaked off coating film by wiping off was increased with acceleration of the

coating rate.

{(4) The coating rate and potential in the conversion solution were affected by coupling of a dif-

ferent metal with aluminium.

1. 13 L & I

7oLy o — MEBE, T =T AR TR
=9 A OMEEK CEBBEEEER o LicEnT
WBEDT, BETHIE LTIES AL SNRTVWAYY,

EEEAME ORETHE LTHHERINTED, Al—
FeARF + REWHES 4 Y IZF OS54~ THRIEL
b O EMETCTHET RS H 5%,

COEE, 7uslEsoA— EER, HBEOY v
BRI 5 A v TR « RE SN TICROBERE

* BREBYLAEBEEFEHEAS (199045 A58, 12 « il& )
I T—FeR, RUASE, 32 (1991) T4ic—EBHk
M 30517 e et A

42

OTHIREE L THEHE N 5,

JuLBEy oA — FRBEOERE, BILETRIG S
pH FRIC X ABRIERERRETCH D, TV =Y 4
BEOMBOEY, MBS OEHRUCEESRE & O
BT & - TEZREAE R R AR AR I O B B 15 & DR
IELE W,

—77, 7 usfgr et - s EEOAKERUHERSHT
Da vt o= G LREE O pH RUBEI X - TR
ENTOVEY, FEENOKIGA H =X sicE o < BE
EZOYEGAN

TITRE, 7oslfyox— b RBEERICERETEM
DEMM IR D pH DEEEF~, KELERER U
el s > VT L -,
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2. £ B # &

2.1 HEMEUI OLBES O X — MLIE

2.1.1 @

HEtb L, BEEE T 2 AVHET L3
(b33 % Table 1 1R L oo

2.1.2 J0LBEYOX— MLIE

78 sl oA — B TERCEHROBY TH -
2o

(1) Wl : 7o ) PElileH (»—2 20 —J—53, H
AKg v FERED 5 wtds, IBEES0°C T 4 min
R

(2) 7K : AKEKRDO TR TBH,

(8) == MEEEE  WHER O wt, ZEiE T20s B,

(4)  JKEE : AKEKDFRIKP T B

(5) fLESHLER . (REET 7 v s/ oA — b (FTIAH—7

1200, HA~=A v bEED 0.3wtds,
Table 2 1</ 4 4544 THLEL,
(6) KL : IKEIK DT TEEA
(7) #z#  BEEERIA D, 80°C ¢ 10min ¥k,
2.1.3 {LRAIBRED pH %
pH &, 0.1mol/l iR 0. 1mol/1 KE(L+ b ) v 4
7% B\ T Table 2 1SR & IR L 72,
2.1.4 HHAMOBMOAERUBE
M OB, BT8R F Yy a 24 v b HA
50142 & - THIZE K ¥ Table 2 12758 9 54
Wl

i3 v b a—

Tablel Chemical composition of aluminium alloy. (wt%)

Cu Mg Zn Al

0.34 4.4 0.06 Bal.

Tabie2 Conversion coating conditions.

Items Condition
Immersion time 90
Solution temperature (°C) 40
pH 16, 1.8, 2.0, 2.2
Potential (V vs. SCE) -0.6, —0.7, —0.8, —0.9

Table3 Chemical properties of conversion coating solutions.

Soluti - total Cr Crté Fe Al

won
cuhon) P @D | @D | @D | @D
A 2.1 0.6 0.6 0.1 ND
1.8 0.7 0.4 0.2 0.6

43

2.2 YoLEYOx— FEREORE

2.2.1 HBERE

R X A L D EM g 7 v 48 (TCr mg
/m?) EREL Y

2.2.2 HEFBE

FLTATEROT o Ay oA — b AR EHL
D, BETAHE v o BH OREFHEEERD 7,
2.2.3 FeuEmz=

7 0Ly ot — N RIEOF AR
BB TEEMSE (SEM) =MWV,
2.2.4 FERERS

R L, =%y s e -ttt -V 2 B
desitr (AES) 2l T¥~7co

&, EATE T

T

3. B B R

3.1 JDARY O A— FEREOERER U BT

RO pH R OHEEM OB 2T v b o - LB WE
B0, BERRICT 2 REARBORER % Fig. 11,
R CHEM OB oREHZE{L % Fig. 2 1WR L1,

155, [t 1d Table3 I2/R L 72 A, B ® 2 FELH
EHW, AR T VY — 71200, 0.3% T CTH D, B
BT vy — 71200588 LoD, T = b %l
ML 2 RKRTH B,

Fig. 1 TAbNB LS, AKDEBARBE T B K
D1,/ 2 TH-1, £ Fig.20EDIC, ABTOH
% ERREENL I, BiICLh~T, ¥IM0BALKT A A/

, BAUAMENSEL B -THY, $h—ERKRHEZD
ﬁﬁ%uéﬁﬂoﬁo

TN oid, LR O pH K U Cr't, Al 7S & DR
OB L B EEZ N,

3.2 REESMICRIFT pH RUBLROR

Bi® pH R UBALAE Table2 IS/R LTt o v b

300
< Solution‘B >/
£ .
® 200 /
S ' -~
=
£ ‘ Solution A
g1w j _—1
2 | -
.‘&; 1
R N B
&) /
]
5
0 !
0 60 90 120 180

Immersion time (s)

Fig. 1 Coating weight formed in conversion coating solutions.
@ : Solution A which is new
O : Solution B which was used
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0
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/ ~ Q
-1.0 X ® / Q,D‘ /
N—"] Solution A = /
—12 £ -08 4
0 60 120 180 a 5
. R A0
Immersion time (s) o / P
Fig. 2 Potential variation of aluminium during the coating M
formation in conversion coating solutions. ~009
/
16 1.8 2.0 2.2
o— L, REARER CRESIEER L HE L /. oH

el R i3 d pH RO BN OFE % Fig. 3 I,
AR & RIERIEEE & OB%R % Fig. 4 iR L7

{UER AL R 25— E TRIBAM O &, pH BEVIEE
R B , £ B A—0.6 ~—0.7V vs. SCE
O BEA R ORRAMED & - 72,

REREER R, REARES100mg/m*E TIRIZEA
EFRHoNBVE, Fhll ETREBEERE AL T
B 7,

3.3 FeREEIZE

ALRALERIS ] H390s DA D 7 o A7 0 A — P KE
D SEM EEFEE % Fig. 5 1R L, RBEARE L & b
WWEREDY 5y 7 OFENE L -TH D, %/ Fig.s
FTHBERENRLEZ Y () 2F L7414 Fick>T
REAFEEL 7. (D) OFRHEIZZ 5 v 788D LNEh -
770

Rz, 77 v 7 FEECRIE§ RIEASGER OB % H
BT D700, REAEREE DR 3%M4 R0 KER
250mg/m* %157 K O SEM B R % Fig.6 KR L
Too 75 v 7R, BRBEREBENPRKEVIZES -
120

3.4 HERS

sasfEraor— rEE (FEE7T6mg/m?) OFES
HIAD AES HrEER % Fig. TICR L. SEMICIE Fe,
CH%<, hifEid Cr, O RUBLYID Al 3£ 78 »
TWh, B8, HREO C1E, FEMERICEEES LI
WERICEEHDBEFNZLEEZ SN,

4. &

4.1 HEERKRIE
ya sy ot - REARGE, ROk KEZ
SNTW3Y,
OFR=FN: {0}
2 CrOs + H,O — H* + HCr:O7

%=
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Fig. 3 Effect of pH and potential on coating weight as total
Cr content. (TCr mg/m?)
Solution B, Immersion time 90s

150
Ve
/g
£ iy
g 100 cit
3 e
9] s [ ]
2 A
- X
Eo 50 Y
= /
//lg?b
cc b
0 L &
0 dl P 200 300 400
100

Coating weight (TCr mg/m?)

Fig. 4 Relationship between coating weight and weight loss.
Solution B, Immersion time 90s
OC:pH 16, @:pH 18, [J:pH 2.0, W :pH 22
a: —0.6V vs. SCE, b: —0.7V vs. SCE,
c: =08V vs. SCE, d: —09V vs. SCE

@7 NI =Y ADT / — FIERRIG
Al+ 3F" = AlFs + 3e-
@H* 1 4 v DBTLRIG
3H*+3e"— 3H
@Cr** BTG
HCr,O7 + 3 H—>Cr(OH); » HCrO.+OH"
GKBALT IV 3 = 4 OIS
AP+ 3 OH —AI(OH);
F7, RBHERMRROISICEL SNTWV S,
Cr(OH): * HCrO, » AI(OH)s * 2 H:0
—%, BER S o sl o2 — RO~ fhicikd
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Fig. 5 SEM images of conversion coating formed in solution B.
(a) : pH 16, Potential —0.9V, Coating weight 129mg/m?
(b) : pH 22, Potential —0.8V, Coating weight 142mg/m?
(c) : pH 16, Potential —0.6V, Coating weight 353mg/m?
(d) : (¢) wiped off, Weight loss 121mg/m?

Fig. 6 SEM images of conversion coating formed in solution B at two defferent coating rates.
(a) : 2.8mg/(cm?s), (b): l.4mg/(cm?), Coating weight of (a) and (b) : 250mg/m?
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100 =T LHM OFEIR & STTER ISR B 7o I A
90 EE DB AEE RS BASEET B EEZ LN B,

< 80 @é@‘ Fig. 8PITRT L 51z, 73 =9 ADWEMIE pH 2 LI
T 70 pa TTRMicEmT 20T, ERLAEBERET VY =9 4

2 60 / HM DU OIS SIS 5 T EBEA BN B,
% s /| £72, 7 0 AKBILYOUHE S pH 1L F & i
8 10 L~ 0 THOT, AL EEOEERNEL S b, H-T,
£ somfel o I AT & BRI B B B O B & 4 pH 441,61

= 20 o ~ TS 5 & lbn s, ‘
10K s ::::=§ D. J. Arrowsmith 5%, RZBEERREEE I K iE 3 Al 73
= — EORMP SIEMT 28B4 v OBBEREL, Y v
0 9 18 27 36 45 54 63 72 81 90

Sputter time (min)
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Table 4 Coating weight of conversion films.

N Coupling metal Coating weight
o.
with Al (TCr mg/m?
1 none 122
2 Zn 91
3 Mg 31
4 Stainless steel 246
Solution B, 40°C, 90s
Surface ratio ; metal/ A1=1.0
—0.2
—04
o Al/SUS Al
S —06 7
i ;
s
> —0.8 !
S -10 \
5 Al/Zn
E ~1.2
—14 Al/Mg
~16 L J/‘f
0 60 120 180

Immersion time (s)

Fig. 9 Effect of coupling metals on potential
variations in solution B.
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Influence of Chemical Composition of Aluminium
Substrates on Electroless Ni-P Alloy Plating
for Magnetic Hard Disks

Makoto Yonemitsu, Seiichi Hirano and Hiroshi Ikeda

The effect of chemical composition of aluminium substrates on the characteristics of electroless

Ni—P deposits for magnetic hard disks were studied. The results obtained were as follows:

(1) The weight loss and roughness after acid treatment were increased in proportion to Zn con-

tent of aluminium substrates.

(2) The zincate deposits depended on Zn and Cu content of aluminium substrates.

(3) The saturation magnetic flux density of plating film after heat treatment depended on Zn

content of aluminium substrates.
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Table1l Chemical compositions of substrate materials.

Chemical composition (wt%)
o si Fe Cu Mn Mg Cr Zn Ti Al
1 0.04 0.04 <0.01 0.01 4.48 <0.01 <0.01 0.01 bal.
2 0.04 0.04 <0.01 0.02 4.70 <0.01 0.18 0.01 ”
3 0.03 0.05 <0.01 <0.01 4.47 <0.01 0.75 0.01 ”
4 0.04 0.05 <0.01 <0.01 4.64 <0.01 1.53 0.01 ”
5 0.04 0.05 <0.01 <0.01 4.58 <0.01 1.95 0.01 ”
6 0.04 0.05 <0.01 <0.01 4.79 <0.01 2.52 0.01 4
7 0.04 0.05 0.17 <0.01 4.73 <0.01 2.03 0.01 ”
8 0.04 0.05 0.39 <0.01 4.78 <0.01 2.02 0.01 ”
9 0.05 0.06 <0.01 0.31 4.11 0.06 <0.01 0.01 ”
10 0.05 0.07 1.39 0.01 2.84 0.14 5.15 0.02 ”
Table 2 Pretreatment conditions.
Process Solution compositions Operating conditions
Alkaline degreasing Commercial weak-etching type 60°C, 3 min
5vol% H
Acid etching ; v21; Hzgg: 70°C, 3 min
Nitric acid treatment 30vol% HN; RT, 30s
20g/1 ZnO
Zincate 120g/1 NaOH RT, lmin (1st)
2g/1 FeCl: * 6 HO RT, 200s (2nd)
80g1 Rochelle salt
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Fig. 1 Effect of Zn content on weight loss in
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Fig. 2 Effect of Zn content on roughness after
acid etching.
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(g) No. 1
Fig. 6 SEM images of substrates after 2nd zincate treatment. (§=20°)
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Fig. 10 90° bend adhesion test.
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Flatness Meter and Temperature Sensor
for Aluminium Rolling

Hiroyuki Wakabayashi, Atsushi Odake and Nobuyuki Takahashi

This report describes the outline of the new type flatness meter and temperature sensor of The

Broner Group Ltd. (U.K.).

The new type flatness meter has the features of “ high resolution, continuous output, low inertia,

measurement of thrusting force”, etc..

The new type temperature sensor has the features of “non-contact measurement based on air
bearing technology and forced convective heat transfer”. Performance tests show the following
results : (1) the results of measurement are not affected by emissivity and surface roughness of

material, and (2) the sensor is suitable for measuring aluminium sheets in the low temperature

range (room temperature to about 200°C).
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Giant Magnetostrictive Materials and
their Applications

Eiji Nakamura and Hiroyuki Mizutani

This review describes the history, production processes, fundamental properties and applications

of the giant magnetostrictive materials composed mainly of terbium, dysprosium and iron. Par-

ticular attention is paid to the evaluation of typical production processes for the materials and

to the newly developed applications to the magnetostrictive devices in Japan such as sonars,

motors, micropositioners, pumps and sensors. In addition, comparisons are made with piezoelectric

materials in order to highlight advantages and disadvantages of the giant magnetostrictive mate-

rials.
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