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Rolling Technology for Aluminum Sheet and Plate
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Shigeru Hishikawa Hiroyuki Kobayashi
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Abstract: Furukawa Sky Aluminum manufactures a variety of aluminum sheets and plates by
means of rolling process, which is capable of volume producing high-quality aluminum rolled prod-
ucts at low costs. In the rolling process, various aluminum alloy slabs prepared by melting and
casting are processed into final products of specified thickness through hot rolling and cold roll-
ing, whereby the products undergo various treatments to provide superior performance in terms
of metallographic structures, mechanical properties, dimensional accuracy and surface quality.
Control technologies applied over the rolling process include automatic thickness control, crown
control in hot rolling, plate temperature control and automatic flatness control. Roll coating forma-
tion in hot rolling and surface defects caused by abrasion dust in cold rolling present problems
specific to aluminum rolling, and efforts are made to prevent these disadvantages through devel-
opment of new facilities and suitable setting of process parameters.
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Fig.1 Schematic of the manufacturing process for
aluminum sheets and plates.
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Manufacturing Technology for Aluminum Extrusions
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Toshiyuki Kakinoki
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Abstract: In general, extrusion of aluminum is done at elevated temperatures. The extrusion
process can form products of prescribed shapes by pressurizing a billet to extrude it through the
die, and it is possible to process it directly from a columnar billet to a final product of complex
two-dimensional shape in cross section, which constitutes the features of aluminum extrusion
totally unique compared to the extrusion of iron or copper. The casting process to make billets for
extrusion is an important step first of all. Casting high-quality billets is the first prerequisite, since
troubles here can not be eliminated by the post-processing. An especially important technology
in extrusion process is die technology, since the quality of dies directly influences the quality of
extruded products. Thermal treatments after extrusion such as solution heat treatment, quench-
ing, aging and annealing play a significant role in changing the material properties. Improvement
of strength by work hardening and improvement of dimensional accuracy in the sections can be
achieved by the drawing process. Furukawa-Sky possesses unique high technologies in these
manufacturing processes, and supplies various extruded products of high quality.
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Aluminum Joining Technology for Automotive Applications

FH Ri&

Toshiya Okada
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Abstract: With the growing requirement for suppressing the carbon dioxide emission throughout
the world, regulations for fuel efficiency improvement are strengthening in the automotive indus-
try. Car weight reduction through aluminum use makes a significant contribution to fuel efficiency
improvement. Aluminum use in castings for engines and wheels is commonly found by now,
recently spreading to the hood materials such as doors and trunk lids. In parallel with this, it has
been found that the manufacturing technologies such as forming and joining pose a technologi-
cal problem that is specific to aluminum. This paper presents an explanatory overview of alumi-
num joining technologies for automobiles including those in current use together with the recently
developed ones such as friction stir welding (FSW) and hybrid laser welding, followed by their
possible aluminum applications.
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Table 2 Typical aluminum joining methods categorized by
their energy source.
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Fig.3 Tensile strength of continuous spot welding for A5182 (with oil on the sheet) and Al-0.6%Mg-1.0%Si (with oil after

pickling on the sheet) .
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Fig.4 Principle of friction stir welding (FSW) .
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Fig.5 Jointed portion by friction stir spot welding.
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Fig.6 Principle of self-piercing rivet joining.
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Fig.7 Principle of hybrid welding (MIG welding plus YAG H8 HA—ILTILI=LEEOINE
laser welding) . Fig.8 Appearance of all-aluminum car body.
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Table 4 Representative all-aluminum car bodies.
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Fig.9 An example of aluminum tailored blank joining.
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J‘HJE;E:EE Development of Production Method for Substrate Holder Used in the
— Semiconductor and Flat Panel Display Manufacturing Equipments

KE =C wmt  HE XA B ne #

Katsumi Watanabe Akira Fukuchi Masao Oouchi Tooru Kawada
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Abstract: A heating plate of aluminum alloy with built-in heaters called “substrate holder” is used
for processing glass substrates in the manufacturing equipment for semiconductors and liquid crys-
tal TFT displays. In the past the built-in heaters have been installed either by welding or by casting
(cast-in insertion). But the current situation is that, as the substrate holder grows in size, it has
become difficult to cope with the upgraded quality requirements such as high vacuum sealing, pla-
nar uniformity and thermal uniformity, as well as with the issues of increased work time for heater
installation and the difference in thermal expansions between the aluminum plate and the heater.
The hot forging-bonded substrate holder developed here is characterized by its new manufacturing
method in which a large forging press is used to embed the heater circuit into the limited space
between the two engaging aluminum alloy plates, whereby the aluminum plates of large area are
metal bonded together, and simultaneously, the heater and the aluminum plates are brought into
close contact. This manufacturing method has solved the manufacturing problems involved with
the large-sized substrate holders, and has been employed since the third-generation substrate
holders measuring 600 mm X 700 mm. A jumbo-size 15,000-ton forging press with a large work
table of 4 m X 3 m in size has come into operation since October 2004, enabling manufacturing
of large-sized substrate holders ranging from the sixth generation measuring in excess of approxi-
mately 2 m square to the current eight-and-half generation measuring 2,200 mm X 2,500 mm. We
keep the entire world market of substrate holders since the sixth generation to ourselves.
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TWho B THHEET L 1L 2001 4E 125850 LK, A1
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27  Furukawa-Sky Review No.4 2008




FEFMERE  FHT ATV A RERBERRERFIN L —DEEL AR

Z1084 ¥ FRIBHFE SN, T4 A7 LA OEF R BT 4 AT VA OFERMEE L, BRI T — D ER T
KRELHFG LTS, WEHT A AT L A ORI 725 AR T. K1 (D) IR T L C O %2R L,
BEZZTCELDEIT A4 AT VAR ORKEYLTH NV 7 TA NONDH T AR RN T—T 4V
N, P THEE SNV OREULD G L 7 5HMTTH - i LA OIRICHYESIL S o 7T AFEMIZIETET
720 PESNTBY, ThAPESWISHEST I ba—b
KFETIE, TFTH#MET A AT LA RV 2 8ES L JeD3E e (- T - 4k) OEBES AL EL 2
B —EOFEE DI HThie b BE 7 TET RS & 12 WX BESESNL D 2, HH L& =121 (a)
S, ZOUEERE DV R BERETH B FHEM AN 7 — | &TTJZ“) 2, TFTZWMET BRI 7 AN 2
WCBLC, ZORELZ W REIC L7k d () Bl LM CTH B
WZOWTHENT %o K227 T AEMOBE TR RT D, 7T AR
I PVDEE CE&BEAFE SN, £0 LICCVDEET
0. MBAREIEE & ALY — TETAEEE S, X5I2a—F 57ROy /58 A5 v/5-
ITyvFx Ty r7E¥EBELZBE>TTFTO Ny M
9, BRIV Y —MEH S B SR (TFT) BENTTET T ABEMPER T %o RN & —1F
B 8 (CVD ) ICOoW T E AR <2, B1I23E CVD#&E (TFT B E) IC B W TEH SN %, B3 (b)

RN & — DRk L, FNDSTFT R E OB
225 v Y NNIZHLA FNFZIREE 2 AR T4, FER
RNV —OHNEIZIE Y — AL —FHRESN, b—FiF
HULEORRIRDER 32 & KA~ B &b . F0k

ATyIN=TyFv—

H5ZEBADRE

4
——

[ -

EiL S e

- —
B

o —
»

BB N 1Y,
S S i 1k
AVANANECE]

O T mH>

TANN G S, —
SN, —

o5

o<
MH<OO —
WS <O
2N —U
B > e N
w0 ||
DA S|
B+ B e H —‘ N\ e H
NSVveN [

(a) BMANF—EH72EMm  (b) RET VEIE

1 RBET 1 AT DOEKREEEERKILE —
Fig.1 Basic structure of liquid crystal display and 2 TFTHS AEROEETIE
substrate holder. Fig.2 Manufacturing process for TFT glass substrate.
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Fig.3 Semiconductor film deposition system and substrate holder.
(a) Series configuration of vacuum chamber.
(b) High-vacuum chamber and substrate holder.
(c) Appearance of substrate holder.
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Fig.9 Forge bonding process. Fig.10 Appearance of 15,000-ton forging press.
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Effects of Ag Addition on Age-hardening and
Nano-scale Precipitate Microstructures of an Al-3.0%Mg-1.0%Cu Alloy
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Shoichi Hirosawa Tomoya Omura Tatsuo Sato
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Yoshikazu Suzuki

BE AMETIE, Al-8.0%Mg-1.0%CuB£H LUV ZTNICAgE RN A2 DINELEH %18
SEEICEL > THRR, S5ICENEEEEBEFE (HRTEM)®3RT7 hATO—7 (BDAP)ICL-T
R U2 /AR E OREE A AN, AgDRMIEN— 7/ — REF (433 KT1.2 ks)IZH1F 3
B EEMEE, ChizMg, ASBLUVCUREL Y SXZDRERLETERICLDZEN DD >0 K
RZHEOTEH ZDMg/Cu/Ag 7 T A A&k - THEICRES L, FREEEICH I 2ELE RS
MmEesd, 2hif, Mg/Cu/AgV7 XA AW ZHEDENERERY A MeRET 2120 THY, =xé&
TR TAM/CUT T RRICEZDE D BHBEIFDHENZ EFB D 5 Tz,

Abstract: In this work, the bake-hardening (BH) response of Al-3.0%Mg-1.0%Cu alloys with
and without Ag has been investigated by a hardness test, and related to the nano-scale precipi-
tate microstructures observed by high resolution transmission electron microscopy (HRTEM) and
a three-dimensional atom probe (3DAP) . The small addition of Ag increased hardness under a BH
condition (e.g. 443 K for 1.2 ks) due to the rapidly formed nanoclusters containing Mg, Ag and/
or Cu. The formation of the equiaxed Z phase was also accelerated by the Mg/Cu/Ag clusters,
resulting in the more increased second-stage hardening. This strongly suggests that Mg/Cu/Ag
clusters provide effective nucleation sites for the Z phase, whereas Mg/Cu clusters formed in the
ternary alloy do less.
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Table 1 Chemical compositions of the investigated alloys (mass%) .
Alloy Mg Cu Ag Zn Si Fe Ti Al
Base 3.04 0.97 Tr. Tr. 0.09 0.07 0.01 Bal.
0.2%Ag-added 3.08 0.97 0.21 Tr. 0.10 0.07 0.01 Bal.
0.4%Ag-added 3.07 0.98 0.41 Tr. 0.09 0.07 0.01 Bal.
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Fig.2 DSC curves of the Base, 0.2%Ag-added and 0.4%Ag-added alloys after
(a) quenching and (b) aging at 443 K for 1.2 ks. Heating rate is 0.167 K/s.
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Fig.3 TEM bright field images with diffraction patterns of the Base ((a) - (c)) and 0.4%Ag-added
((d) - (f)) alloys aged at 443 K for (a) (d) 3.6 ks, (b) (e) 345.6 ks and (c) (f) 1210 ks 7.
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Fig.4 HRTEM micrographs and FFT spectra obtained from
individual equiaxed precipitates in the Base (1) and
0.4%Ag-added alloys (2) aged at 443 K for 345.6
ks 7.
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Fig.5 3DAP maps showing spatial distributions of Mg
(blue) and Cu (green) atoms in the Base alloy.
(a) as-quenched (A.Q.) and aged at 443 K for (b) 3.6 ks
and (c) 86.4 ks. Only nanoclusters detected by a cluster
analysis based on a maximum separation method 9 are
depicted in the bottom maps of (a) and (b).
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Fig.6 3DAP maps showing spatial distributions of Mg (blue) , Cu
(green) and Ag (red) atoms in the 0.4%Ag-added alloy.
(a) as-quenched (A.Q.) and aged at 443 K for (b)
1.8 ks, (c) 3.6 ks, (d) 14.4 ks and (e) 345.6 ks.
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Fig.7 Cliff-Lorimer plots showing relative ratios of solute
concentrations within nanoclusters in the 0.4%Ag-added
alloy aged at 443 K for (a) 1.8 ks and (b) 345.6 ks.
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Fig.8 Aging time dependence of relative ratio of solute
concentrations within nanoclusters and the Z phase
in the 0.4%Ag-added alloy aged at 443 K.
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Fig.9 Schematic illustration of phase transformations in the (a) Base and (b) Ag-added alloys. Formation of nanoclusters; i.e.

Mg/Cu, Mg/Ag and Mg/Cu/Ag clusters, determines the subsequent strengthening phases through the heterogeneous

nucleation effects.
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In-Situ Behavioral Observation of Erosion Phenomena by Flowing Liquid Filler during Aluminum Brazing
and Development of a Quantitative Evaluation Method

HE = mi &
Takashi Murase Yutaka Yanagawa
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Abstract: In the manufacturing process of automotive heat exchangers involving radiators and
condensers, severe erosion is occasionally seen to occur locally on the tube during brazing. It is
generally presumed that this erosion is caused by the molten filler from the header that flows into
the brazing portion on the tube. However, for both the conventional method of studying brazed
heat exchangers and the existing brazing test, it is difficult to observe actual behaviors of molten
filler during brazing, as well as to quantitatively understand the relationship between the extent
of erosion and the brazing conditions. Accordingly, we have developed a new evaluation method
using a test piece that consists of a filler plate to supply a specified volume of filler, a base plate
with gutters that serves as a fluid channel for the filler and capillary sheets which makes the filler
keep flowing. It has been found that this evaluation method can clarify the effects of physical
parameters in the erosion phenomenon due to molten filler.
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Table 1 Composition of constituent materials.

(mass%)
Si Fe | Cu | Mn | Mg Ti Zn
A95%f(11.75/ 0.60 | 0.15 | 0.1 | 0.01 — 0.1

iR

[L# | 0.25 | 0.60 | 0.15 | 1.15 | 0.01 | 0.05 | 0.0

T4 | % | 0.05|0.56|0.12 | 0.01 | 0.02 | 0.01 | 0.0
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Abstract: We developed a new fin stock of an Al-Si-Fe-Mn-Zn alloy for automotive heat
exchangers. The new stock has good properties suitable for making thinner fins than the ones
used at present. It shows an ultimate tensile strength of about 130 MPa at a thickness of 0.05
mm after brazing and electrical conductivity of about 50% IACS. In contrast, conventional Al-Mn
(3000-series) alloy fin stocks show the strength of about 110 MPa and electrical conductivity
below 40% IACS. Therefore, the strength of the new alloy fin stock is much higher than that of
typical 3000-series alloy fin stocks, while the thermal conductivity of the former is comparable
to that of commercial pure aluminum stocks. In addition, corrosion resistance of the new alloy fin
stock is the same as that of the 3000-series alloy fin stocks. These properties are attributable to
constituent particles dispersed finely and densely in the new alloy fin stocks. This alloy is manu-
factured by using a twin-roll continuous caster.

1. INTRODUCTION

Since aluminum alloys have high specific strength
and good thermal conductivity, they are used
extensively in heat exchangers for automobiles.
Recently, the demand for making aluminum alloy heat
exchangers small and light has been strong because
it will improve the fuel efficiency and performance of
automobiles. To meet the demand, it is essential to
make components of heat exchangers thinner.

To make thinner fins which are the main component
of heat exchangers, several properties of fins must
be improved. The first is mechanical strength. When
heat exchangers are used, tubes expand as a result
of internal pressure. If the fin stocks have insufficient
mechanical strength, the fin will buckle and break,
leading to breaking of tubes. The second is thermal
conductivity. To maintain enough performance of
smaller and lighter heat exchangers, it is necessary to
increase the cooling efficiency per unit of volume of
the exchangers. Thus, the thermal conductivity of the
fin stock must be increased. The third is the corrosion

resistance. When tubes are corroded to the point that

holes occur, the heat exchanger breaks down. Thus,
the fin stock is designed to have a sacrificial effect
so that the fins corrode first. However, corroded fins
lower the cooling efficiency of the heat exchanger and
excessively corroded fins lead to the break down of
heat exchangers, because excessive corrosion lower
the mechanical strength of the fins. Therefore, fin
stocks themselves must have good corrosion resistance.
The fourth is brazeability. The majority of heat
exchangers are manufactured using the controlled
atmosphere brazing (CAB) process. The above-
mentioned are related to post-brazing properties.
But in—process properties, such as sag resistance and
erosion resistance against molten filler metals, are
important too. Because parts of heat exchangers are
tied strongly by wires during the brazing process, poor
sag resistance leads to the buckle of fins. Poor erosion
resistance causes diffusion of the filler metals inside the
fins, and the diffusion degrades the mechanical strength
of the fin stock. Generally, these in—process properties
are degraded clearly when fin stocks are made thinner.

This paper explains the development concept

and properties of the new fin stock of which above
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properties are good.

2. GENERAL FIN STOCKS

Generally, commercial pure aluminum and
3000-series alloys are used in the bare fins of
automotive heat exchangers. In thinner fin stocks,
however, commercial pure aluminum is not
mechanically strong enough, and a 3000-series alloy
show insufficient thermal conductivity (Table 1) .

Alloys that have both high mechanical strength and
high thermal conductivity are not extensively used
as fin stocks. This is because many heat exchangers
are produced using CAB process. In this brazing
process, heat exchangers are heated up to about 600
degrees C and materials with a melting temperature
lower than 600 degrees C are unusable. Materials with
high magnesium contents are also unusable, because
magnesium decreases the effect of the non-corrosive
flux which plays an important role in CAB. Therefore,
materials for fin stocks are limited. Since the brazing
temperature is high as above, properties of fin stocks are
affected during brazing process in several ways. First,
the dissolution of alloy elements such as manganese in
the aluminum matrix takes place and it lower thermal
conductivity. Second, the strength of work-hardened fins
is decreased by recovery and recrystallization during the
brazing process. Third, penetration of the molten filler
alloy along grain boundaries decreases the brazeability
of fine grained fin stocks. Thus, it is rather difficult
to obtain fin stocks having high mechanical strength

together with high thermal conductivity.

3. FIN STOCK PRODUCTION USING A
CONTINUOUS CASTER

We deduced that dispersion strengthening using

constituent particles and precipitates is the most

effective method for giving both high mechanical
strength and high thermal conductivity to the fin stocks.
Moreover, adding alloy elements of which maximum
solid solubility in the aluminum matrix at 600 degrees
C is small may contribute to alleviate the lowering of
thermal conductivity during the brazing process: it
is because thermal conductivity of 3000-series alloys
decrease during the brazing process due to dissolution
of manganese of which the maximum solid solubility is
rather high. We noted that the maximum solubility of
iron in binary Al-Fe alloys is less than 0.05%1 and the
solubility of nickel in binary Al-Ni alloys is also small 2) .
Therefore, we first selected an Al-Si-Fe-Ni-Zn alloy
and investigated its properties 3.4

However, when we used conventional direct chill
(DC) casting, addition of a certain amount of alloying
elements such as iron and nickel brought about a
sparse distribution of coarse constituent particles
unexpectedly. These coarse dispersoids hardly
contribute to dispersion strengthening, but they
deteriorate the workability and sometimes cause
breaking of fin stocks, and this problem becomes more
serious as fin stocks become thinner.

For this reason, we adopted a twin-roll continuous
(TRC) casting. The cooling rate of DC casting is from
0.5 to 10 degrees C/sec, and that of TRC casting,
from 100 to 700 degrees C/sec. Since the cooling rate
of TRC casting is higher than that of DC casting,
constituent particles becomes much finer and denser
when used TRC casting. Fig.1 shows schematic views
of the direct chill casting machine- (a) and twin-roll
continuous casting machine- (b) , respectively. Using
TRC casting, we developed an Al-Si-Fe-Ni-Zn alloy fin
stock that has both high mechanical strength and high
thermal conductivity ® . The mechanical strength of
this fin stock is much higher than that of conventional
3000-series alloy fin stocks, while the thermal

conductivity of the former is comparable to that of

Table 1 Comparison of chemical compositions and properties of fin stocks. Here, Al-Si-Fe-Ni-Zn alloy was previously

developed and the new alloy was developed later.

Alloy Chemical composition (wt.%) Properties

si Fe Cu Mn Ni 7n Mechanical Thermfa[ Co.rrosmn
strength conductivity resistance

AA1050 <0.25 <04 <0.05 <0.05 - <0.05 Not good Good Good

0.05 1.0 1.0

AA3003 + Zn <0.6 <0.7 —02 15 o5 Good Not good Good
Al-Si-Fe-Ni-Zn 0.5 1.7 - - 1.2 0.55 Good Good Not good

The new alloy 0.9 1.5 - 0.8 - 0.55 Good Good Good
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Fig.1 Schematic view of
(a) the direct chill casting machine and
(b) the twin-roll continuous casting machine.

commercial pure Al fin stocks. The Al-Si-Fe-Ni-Zn
fin stock with a thickness of 0.06 mm, has been used in
radiators since 1999 in Japan. As far as we know, this
fin stock is the first one manufactured by using TRC
casting and applied for radiators in the world.

Unfortunately, the corrosion resistance of the Al-Si-
Fe-Ni alloy is inferior to that of Al-Mn alloys. This
lowered corrosion resistance is due to the constituent
particles which are dispersed densely and finely in
the Al-Si-Fe-Ni alloy. Based upon the noble corrosion
potentials of Al-Fe, Al-Ni and Si compounds ¢, the
particles in Al-Si-Fe-Ni alloy are supposed to have
much nobler corrosion potential than the aluminum
matrix. The surfaces of the noble compounds should
act as strong cathode for the matrix surface around
them and the anodic dissolution of the matrix should
be accelerated. Thinning of this fin stock further
degrades the reliability of radiator cores. In addition,
nickel is hardly recyclable. Therefore, a new alloy
which does not contain nickel is desirable, though
Al-Si-Fe-Ni-Zn alloy fin stock has high mechanical
strength and high thermal conductivity.

4. DESIGN OF A NEW ALLOY FIN STOCK

We investigated the effects of alloying elements
having small maximum solubility on the corrosion
resistance. In contrast to the compounds of Al-Si-
Fe-Ni alloy, the compounds of Al-Mn alloys have
less noble corrosion potentials than the aluminum
matrix 7 and don’ t accelerate the corrosion. Moreover,
manganese addition is reported to suppress the
corrosion acceleration by the iron content 8 . Therefore,
we focused on the simultaneous addition of iron and
manganese. The maximum solubility of manganese in
the binary Al-Mn alloy is nearly 1.0 % at 600 degrees

C, but the maximum solubility of manganese in ternary

Al-Fe-Mn alloys is reduced when the iron content
is increased 9. We therefore investigated Al-Si-Fe-
Mn-Zn alloys with high iron contents. As a result,
we successfully developed a new alloy fin stock in
2000 10, Other fin stock manufactured by using TRC
casting has been reported in 2001 1V . Constituent
particles are dispersed finely and densely in the new
alloy when manufactured by using TRC casting, and
they improved both the mechanical strength and
the thermal conductivity. Furthermore, the fin stock

showed good corrosion resistance.

5. PROPERTIES OF THE NEW ALLOY FIN STOCK

We developed this new alloy fin stock by
investigating the effect of the chemical composition,
casting and process conditions on properties of
the alloy fin stocks. Since the developed fin stock
manufactured by using TRC casting has good
properties, we used it to make a thinner fin stock.
An example of chemical composition of the new alloy
fin stock is shown in Table 2. We will describe the
properties of this fin stock in the following sections.

5.1 Mechanical Strength and Thermal Conductivity

Fig.2 shows an ultimate tensile strength (UTS) and
electrical conductivity of the new alloy fin stock after
brazing process in comparison with those of fin stocks
of 3000-series alloy (AA3003+1.5Zn) , commercial
pure aluminum (AA1050) and Al-Si-Fe-Mn-Zn alloy

manufactured by using DC casting, of which chemical

Table 2 Example of chemical composition of the new alloy
fin stock (wt.%) .

Si Fe Mn Zn Al
0.9 15 0.8 0.55 Rem.
5 ‘ ‘ | |
\{0088“&5 alloy Al-Si-Fe-Ni-Zn alloy
50 New alloy = Q
A
45 T

Al-Si-Fe-Mn-Zn alloy
produced using a DC caster

40 f
3000-series alloy %&
5 |

80 90 100 110 120 130 140
Tensile strength (MPa)

Electrical conductivity (% IACS)

Fig.2 Relationship between ultimate tensile strength and
electrical conductivity after brazing.
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composition is the same as the new alloy. In this figure,
we used electrical conductivity as an index of thermal
conductivity, because the two values are proportional.
The thickness of the new alloy fin stock is 0.05 mm
and that of the other fin stock is 0.06 mm.

UTS of the new alloy fin stock manufactured by
using TRC casting is about 130 MPa, and is superior to
that of 3000-series alloy fin stock and Al-Si-Fe-Mn-Zn
alloy fin stock manufactured by using DC casting. In
addition, the electrical conductivity of the new alloy fin
stock is about 50 % IACS and nearly equivalent to that
of the commercial pure aluminum fin stock. The new
alloy fin stock has equivalent properties to the Al-Si-
Fe-Ni-Zn alloy fin stock that we developed previously.

The reason why the new alloy fin stock has both
high tensile strength and high electrical conductivity
is shown in the SEM images (Fig.3) and TEM images
(Fig.4) of fin stocks after brazing. Fine and dense
constituent particles are observed in the new alloy fin
stock and Al-Si-Fe-Ni-Zn alloy fin stock. Dispersion

strengthening is increased as constituent particles

Fig.3 SEM images of fin stocks after brazing.
a) the new alloy fin stock.
b) the Al-Si-Fe-Mn-Zn alloy fin stock made using
DC casting.
c) the Al-Si-Fe-Ni-Zn alloy fin stock.
d) the 3000-series alloy fin stock.

Fig.4 TEM images of fin stocks after brazing.
a) the new alloy fin stock.
b) the Al-Si-Fe-Ni-Zn alloy fin stock.
)

c) the 3000-series alloy fin stock.

become finer and denser. Thus, the level of dispersion
strengthening in these fin stocks is higher than those
of 3000-series alloy fin stock and of the same alloy
produced by DC casting. In addition, the degradation of
electrical conductivity is smaller, because the majority
of the alloy elements are contained in constituent
particles and the amount of elements dissolved in the
aluminum matrix is rather small.

In the 3000-series alloy fin stock, smaller amounts
of constituent particles are observed in Fig.3 (d) and
Fig4 (c) : this means that the effect of dispersion
strengthening is small and manganese atoms which
are not contained in constituent particles are dissolved
in aluminum matrix, leading to reduction of electrical
conductivity of the alloy. In the Al-Si-Fe-Mn-Zn
alloy fin stock manufactured by using DC casting,
coarse and sparse constituent particles are observed
because the cooling rate of DC casting is slower than
that of TRC casting. When the effect of dispersion
strengthening is smaller and dissolved amounts
of manganese and silicon increase, both UTS and
electrical conductivity decrease.

5.2 Corrosion Resistance

Fig.5 shows the results of a copper accelerated
acetic acid salt spray (CASS) test for aluminum sheet
specimens after 3 days or 7 days. In the CASS test,
high weight loss means low corrosion resistance of fin
stocks. Corrosion resistance of the new alloy fin stock
is approximately the same as that of the 3000-series
alloy fin stock. On the other hand, corrosion resistance
of Al-Si-Fe-Ni-Zn alloy fin stock, whose tensile
strength and electrical conductivity is the same as that
of the new alloy fin stock, is much less than other fin
stocks. Only the new alloy fin stock can be used in the

mass—production of fin stocks with a thickness of 0.05

50
L O
45 CASS 8 days more than 50 %
40 H B CASS 7 days
2 35
» 30
3
= 25 e
)
o 20
= 15
10
5
0 : ; : - "
new alloy 3000-series alloy Al-Si-Fe-Ni-Zn
fin stock fin stock alloy fin stock

Fig.5 Weight loss of fin stocks after CASS test.
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mm and still maintain the reliability of radiator cores.

Zinc has been added to the new alloy fin stock to
create a sacrificial anode effect. The additional amount
of zinc was determined by the corrosion potential of the
tubes and plates that were brazed with the fin stock.
The corrosion resistance of heat exchangers is thought
to be high based on the result of the CASS test.

5.3 Brazeability

Fig.6 shows macro structures of fin stocks of the
new alloy- (a) , the Al-Si-Fe-Ni-Zn alloy- (b) , and of
the 3000-series alloy- (c) after brazing. The new alloy
fin stock has recrystallized grains of which size ranges
from 0.3 to 2 mm in diameter. Fig.7 shows the cross
section of a fin-tube joint after brazing at 610 degrees
C for three minutes. The condition of the fin-tube joints
remained good in every fin stock. During the brazing
process of aluminum alloy fin stocks, filler metal erodes
the fin stock along the grain boundaries and the fin
stocks are segmented at the fin-tube joints. This
phenomenon is explained by the diffusion of molten
filler alloys along grain boundaries, and this degrades

the strength of heat exchangers. If the recrystallized

Fig.6 Macro structure of fin stocks after brazing.
a) new alloy fin stock.
b) Al-Si-Fe-Ni-Zn alloy fin stock.
¢) 3000-series alloy fin stock.

Fig.7 Cross section of a fin—tube joint.
a) the new alloy fin stock.
b) the Al-Si-Fe-Ni-Zn alloy fin stock.
c) the 3000-series alloy fin stock.

grains are too small, area fraction of grain boundary
Increases: as a result grain boundaries act as diffusion
paths of the filler alloys and erosion occurs easily. If a
fin stock is thin, molten filler alloy may penetrate the
fin stock easily. Though the thickness of the new alloy
fin stock is only 0.05 mm, the erosion of the fin stock
was not observed. This means the recrystallized grains
of the new alloy fin stock are sufficiently larger for
preventing the erosion of molten metal.

We then evaluated the sag resistance of the fin
stocks by measuring sag distance. To perform such
measurements, fin stocks were overhung by 50 mm
as shown in Fig.8 (a), heated to 600 degrees C and
held at that temperature for 5 minutes. A small sag
distance of a fin stock means that the fin stock has a
favorable sag resistance. Evaluated sag distances of
every fin stock are shown in Fig8 (b) . Generally, sag
resistance degrades as the thickness decreases and the
recrystallized grain becomes smaller 12 . However, sag
resistance of the new alloy fin stock is comparable to
that of the other fin stocks, though the new alloy fin
stock is thinner than the other fin stocks.

In conclusion, the brazeability of the new alloy fin
stock is good, though the thickness of the fin stock is
only 0.05 mm.

6. CONCLUSIONS

We developed a new fin stock of an Al-Si-Fe-Mn-
Zn alloy for automotive heat exchangers. The new alloy
is manufactured by using a twin-roll continuous caster.
This produced alloys having fine and dense constituent
particles. Using this caster enabled us to produce a new
alloy fin stock that has both high tensile strength and high
electrical conductivity. The new alloy fin stock shows an
ultimate tensile strength of about 130 MPa at a thickness
of 005 mm after the brazing process , and its electrical
conductivity is about 50% IACS. The strength of the new
alloy fin stock is much higher than that of conventional
3000-series alloy fin stocks, while the thermal
conductivity of the new alloy fin stock is comparable
to that of commercial pure Al fin stocks. Corrosion
resistance of the new alloy fin stock is approximately the
same as that of 3000-series alloy fin stocks. The new alloy
fin stock also exhibits good in—process properties such as
sag resistance and erosion resistance against molten filler

metals.
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Sag distance (mm)
N
3

New alloy Al-Si-Fe-Ni-Zn 3000-series
fin stock alloy fin stock alloy fin stock

Fig.8 a) Sag test apparatus (arrow a indicates a specimen)
b) Sag distance of the fin stocks.

The above properties make it very suitable for
manufacturing thinner fin stocks than the one used Go Kimura
at present. The new alloy fin stock with a thickness . Technical Research Division.
of 0.05 mm has been used for fins of radiators. The
fin stock can be used to produce lighter and smaller
aluminum heat exchangers. The casting of the new
alloy is performed by Choil Aluminum Co., LTD and Akira Kawahara

ELVAL S. A. (Hellenic Aluminium Industry S. A.).

Technical Research Division.

This paper was made by adding a postscript to the
paper published at international conference VTMS
8 (Vehicle Thermal Management Systems, 20-24 ‘ Akio Niikura
May 2007) . Copyright was given to the Institution of Technical Research Division.

Mechanical Engineers.
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Scratch-Resistant Pre-Coated Aluminum Sheet for Slot-In Drives “FUSCOAT SCRATCH GUARD”
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Fig.1 Appearance of a slot-in drive.
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Free-Machining Aluminum Alloy "KS Series"
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Table 1 Features of free-machining aluminum alloys (temper: T8) .
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PO HEWMAME (K&RE)
= TS (MPa) | YS (MPa) | EL (%) Hv
KS21 Bt 425 355 17 130
KS21L | Pb<0.4% | 425 325 28 125
KS26 |Pb7U—| 430 340 25 125
KS28S | (0.05%) | 420 330 23 128
KS62 e 325 305 19 118
KS67 fexH 305 280 13 105
KS62L | Pb<0.4% | 325 305 17 113
Pb7U—
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fig.2 Test results of Charpy impact test (KS2X-T8) .
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PTP Aluminum Foil Application to Infrared Image Inspection
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Table 1 History of imaging-based foreign matter inspection
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Data Entry System Using Digital Pen
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Visualization Technology in Aluminum Brazing Process

Technologies
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High-Temperature Forming Technology for Aluminum Alloys

Technologies
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Table 1 Comparison among normal press forming,
superplastic forming and high-temperature high-

speed blow forming.
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Table 2 Comparison of deformation mechanism and related
characteristics between superplastic forming and
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EBERMER T SRER 7 O—KF
ETAEE KRN BERIVYT
mig #0.5 #70.33
B #ERES | Bh3 BYEICHENTEFRE—
FrET—Y3r | ERLXTV ERLICCW

(b)
MglRF

@ 1'
‘ 315 ‘ 21 HH

3 BBEMREsLUEEERTO-KFICE T IER
B DEAXR,
(a) BBMRBICE T IRRTAY, (b) ZEESET
O—EHICEITZ2BRERT Y T,

Fig.3 Schematic diagrams of deformation mechanisms in
(a) superplastic forming and (b) high-temperature
high-speed blow forming.
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Fig.4 Inhibition of necking during deformation in a
material with a positive m value is schematically
shown. (a) On necking, flow stress increases with
increasing strain rate in a deformation concentrated
region. (b) No more deformation proceeds in the
region because of increased flow stress, and then
deformation progresses in the other region. (c)
Uniform deformation proceeds again after small
necking disappears.
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Fig.5 Appearance of a high-temperature high-speed blow
formed part. Coarse grains are observed at the top
of the picture.
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Fig.6 Observation results of normal grains in Al-4.5%
Mg alloy after high-temperature high-speed blow
forming: (a) electron backscattered diffraction
(EBSD) map and (b) transmission electron
microscope (TEM) image.
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Fig.7 Observation results of coarse grains in Al-4.5%
Mg alloy after high-temperature high-speed blow
forming: (@) EBSD map and (b) TEM image.
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Fig.8 Microstructures of Al-4.5%Mg alloy deformed at
the temperature and strain rate equivalent to those
of high-temperature high-speed blow forming, and
then held at the same temperature for prescribed
durations: (a) microstructure for a holding time of
0 sec, (b) 5 sec, (c) 10 sec and (d) 60 sec.
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Observation of Surface Reaction of Aluminum Alloys Using Scanning
Electrochemical Micro Spectroscopy
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Fig.2 Schematic illustration of the mechanism of SECM
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Fig.3 Electrochemical reactions on the surface of Al-Si
alloy specimen and micro probe disk electrode.
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Fig.4 Optical micrograph (a) and SECM image (b) of
Al-16 mass%Si.
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The Fundamentals of Corrosion of Aluminum 1II
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Fig.3 Open circuit potentials in the agueous solutions
of 0.1M-HCI, NaCl, Na>S043 and 0.3 M-HClI,
compared with the Cl - concentration dependence of
the pitting potential4) .
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Fig.5 Cathodic polarization curves obtained with platinum
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solutions of pH values from 1.40 to 4.9510).
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lj\mmgaag Received the 42nd Oyamada Memorial Award from the
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Japan Institute of Light Metals
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BeEPSTRESREDP ORENRER I ZEE (A)
Mr. Watanabe (the right) receives the testimonial from Mr.
Yoshihara, Chairman of the Japan Institute of Light Metals.

ZHE ArSEH B EE =2 AN Ei JIE &
Awardees: Messrs. Akira Fukuchi, Katsumi Watanabe,
Masao Oouchi and Toru Kawada (from the left).
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Exhibiting at ALUMINIUM CHINA 2007
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booth showing, from

| the near side, aluminum
7 forged fan, thick slab
and forging for aircraft.
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HWE Received a Technology Award for 2006 from the Society of
Materials Science, Japan
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Testimonial of Technology Award for 2006 from the Society of Materials Science, Japan.
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