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ABSTRACT The effects of various pre-treatments on the spatial distribution pattern of
sarticles and the mechanical properties of 0.3 &m SiCp/ Al composites are investigated through
ortex method. The optimum conditions to obtain the uniform condition of such minute particles

r= clarified. Mechanical properties and age-hardening behaviors are investigated on these

naterials. The influence of Ca addition on the dispersion of particles and age-hardenability is also

vestigated.
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. INTRODUCTION

The fabrication of metal matrix composite (MMCp) by vortex process is the general method due
 the advantage of its convenience'”'?. However in the case of fine particles the surface property
 the particle appears dominantly, especially in nano-size particles the agglomeration occurs and
re fabrication of MMCp is reduced to difficulties.

It is analyzed that the strength of the MMCp is dominated by the ascent of the dislocation

-nsity™ Further, as the dispersion strengthening mechanism can be anticipated, dispersions of
more fine particles into the matrix are required.

In this study, the influences on various primary factors for solving an agglomeration problem
‘= examined using SiC particles of 0.3 ¢ m ( the minimum diameter in the market ) into 6061 Al

oy by the vortex method. And mechanical properties and age-hardening behavior were tested on

15 MMCp.

EXPERIMENTAL PROCEDURE

1. Materials
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6061 aluminum alloy were prepared for Table 1 Fabrication chart and results
this experimental materials and dissolved in [T o oo T oot | o | wiceore | aois
a graphite crucible. 10 vol% SiC / Al SRR denslty | Result
. ) : ultrasonic HF L L+ a | (X107%kg/m")
composites were fabricated under various A
- - = = ® [ ] 0.73) x
fabrication conditions by the vortex method B| - - - 2 e | @ | ©m x
y i i ; s c =~ <
equipment, as indicated in Table 1. Stirring he ° ° el s 07 o)
D ® [ ] ® = ® o 0. 42 X
condition in the liquid phase is 993K X E| o ° ° - | ®o| ® | o2
1.8ks, and in semi-solid phase is 918 ~ Fle | o e |2 e]e] oz | o
G . = [ ] 2 e [ J 0.19 x
923K X 3.6ks. After that, the melt was [T ¢ o [ o | 2 e -] o x
casted in the metal mold of ¢ 65mm X | e e | @ (0.5 @ | ® | 012 A
200mm, and pressed by 300kN. Casting
temperature was 1023K, pre-heat Table 2 Chemical composition for this study
temperature of metal mold is 723K. The e
Sample No. Ca (mas s%) SiC (volb?2)
materials were observed by the optical ] o o -
microscope and SEM to investigate the K Be 7 0 5
L 0. 5 5
dispersion of particles. N 0. 5 o

As a consequence of experiments in
fabrication process, optimum fabricating condition of MMCp is adopted and different materias
were produced according to table 2. These materials were extruded in the temperature of 6723~
and ¢ 10mm rod was obtained under the condition of extrusion ratio 36. The rod materials worc

tested for the purpose of the measurements of the age-hardening and the tensile strength property

2.2. Pre-treatment of SiC particles

Pre-treatment procedure of SiC particles consists of cleaning by using the ultrasonic cleaner an
steeping in the HF solution. The ultrasonic washing was performed for 300s in 1 vol% nitric acn
solution with SiC particles. After that, the head of the nitric acid solution was abandoned and .
remaining solution containing SiC particles was added in the HF solution in 86.4ks. [h
concentration of this HF solution was approximately 10 mass%. After being washed with wate
SiC slurry was evaporated to dryness in the atmosphere of 393K. The obtained SiC particles wer

crushed by the mortar, and used to the disagglomeration process.

2.3. Disagglomeration
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The jet-mill apparatus was employed to disagglomerate the SiC powder obtained through the
vre-treatment procedure. SiC powder was adjusted to less than 420 1 m by passing through the
ieve, and provided to the jet-mill apparatus in a rate of 1 X 10 kg per second. The apparent bulk

‘ensity of the obtained SiC powder was determined by measuring the weight and the volume of it.

2.4, Tensile test

Age -hardening curve of each material was measured experimentally. Solution heat treatment
«nd aging temperature were 803K X 3.6ks, and 453K. The hardness variation was measured using
“ockwell hardness tester. From the result of the aging test, peak-aging heat treatment was adopted

o all specimens. Tensile strength values were obtained in all samples with and without T6

reatment.,

5. RESULTS OF EXPERIMENT
3.1. Structure test

Figurel indicates the
microstructure of samples from A to
No agglomeration was regarded in
which is the sample containing Ca
mass%, and SiC particles were
re-treated and disagglomerated. The
‘ormation like a some agglomeration
45 regarded in E (no Ca) and I (Ca
/.5 mass%) by an optical microscope
Joservation. However, it was judged
nat it isn't the agglomeration by the
SEM observation. The
2zglomerations from several 10 gy m

v several 100 4 m were observed

ith other samples.

Fig.1 Microstructures of materials

*.2. Influence of pre-treatment on dispersion
'any of black materials rose up on the surface of the water after being washed by using the

irasonic cleaner. From the result of EPMA analyzation, large amounts of carbon were detected.
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To separating the mixture and removing the dirties on the surface of particles, washing by using
ultrasonic cleaner is thought to be necessary.

The effects of HF treatment on the surface of SiC were investigated by ESCA analysis. The
results were shown in Fig.2. After HF treatment, the amount of SiO, on the surface of SiC was
recognized to be reduced. In the case of a small amount of SiO, on the surface of SiC, SiC particles
trend not to agglomerate. Fig.3 indicates this phenomenon by measuring the degree o

agglomeration of SiC by using particle distribution measurement equipment. Three kinds of

Oxydized As received HF treated

SiC N e

Room temperature

108 100 () | 108 100 (EV).

[

Heated at 973K |Room temperature

Heated at 973K

Heated at 973K
in vaccum

() Fig.3. Particle distribution measurement results of
0.3um SiC in variously pre-treated conditions

L As received HF treated

Fig. 2 Surface analysis results of SiC particle

powder were used in this experiment. (D : Large amount of SiO, by conducting the heating i~
atmosphere, @ : As-received, @ : Small amount of SiO, by conducting the HF treatmen:
Consequently, it was found that not only the less amount of SiO, on the surface of SiC (@) bu:

also less amount of oxygen in the atmosphere is necessary to avoid the agglomeration.

3.3. Influence of disagglomeration treatment
Generally, though fine particles have the tendency to agglomerate easily, the agglomeratin:

force becomes weaker in proportion to the void ratio of the powder. Consequently, it can b
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“ought that if the void ratio of the powder becomes large the particles can be easily dispersed.
nerefore three kinds of samples with various void ratios were prepared by jet-mill equipment.
sulk density after disagglomerating is shown in table 1.

From the results of microstructure of C~E, it was found that the number and the size of the
cglomeration were decreased in proportion to the reduction of bulk density. However, the low
ulk density is not sufficient condition. In the case of low bulk density for G, a lot of large

zzlomeration can be observed, because of no pre-treatment.

/.4, Influence of Ca addition on dispersion

It is well known that Ca addition to the Al melt improves the wettability between the Al melt
1d SiC particles™. From the results of C~E, it is found that well disagglomerated SiC particles
“ter being pre-treated trended not to agglomerate. Based upon this fact, 2 mass% Ca was added to

"= melt. No agglomeration was observed. F shows the no agglomeration structure.

°.S. Tensile strength test
Figure 4 indicates the age-hardening curve of No.J~No.M. Peak-age of 6061 Al alloy ( No.J )
25 attained approximately at 3.6 ks. On the contrary, it was shown that the tendency of

»z-hardening proceeded at the time of 18 ks for the sample of K with Ca 0.5 mass%. However this

Towi i tment
o ) A O : without aging trea
® : K A h: 500 @ : after T6 treatment
% .
00 z y
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[
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0 1 10 .
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' 4 Age-hardening curves measured at 453K Fig.5 Effect of 0.3 4m SiC particle volume
fraction on the tensile strength
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value of the hardness is lower than 6061 Al alloy. On the other hand peak-age of MMCp ( No.M |
with SiC 10 vol% was attained approximately at 2.4 ks. Peak-age time of MMCp with SiC 5 vol?,
( No.L ) was middle between No.K and No.M corresponding to the SiC content.

The relation between the tensile strength and the SiC volume content in MMCp is shown in Fig 3
For the sample of M, the increase of the tensile strength by involving SiC particle was
approximately 100 MPa without T6 treatment. This corresponds to 1.7 times of 6061 Al alloy
without T6 treatment. On the other hand, the increase of the tensile strength of MMCp (Ca 0 =
mass%) was approximately 150 MPa ( LM ) by conducting T6 treatment. This increase is nearls
the same value as 6061 Al alloy with T6 treatment (170 MPa). In general, it is well known that
age-hardening does not occur in the case of Al alloy with Ca content, therefore the increase of the
tensile strength does not yield®. However, it has been found that for the MMCp the tensile strength

ascends independently of Ca content with T6 treatment.

4. CONCLUSION
(1) It was found that MMCp with no agglomeration can be fabricated by conducting the following
procedure; pre-treatment, disagglomeration, Ca addition, and stirring in the semi-solid range.

(2) The tensile strength of 420 MPa was obtained after T6 treatment for the MMCp with SiC 10
vol%.

(3) Sufficient age-hardening can be obtained in spite of Ca addition in the MMCp fabricated in this
study.
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