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Damage Behavior of Al-7%Si Alloys with Refined Eutectic
Silicon Particles due to Reduced Phosphor

Kazuyuki Shimizu*, Hiroyuki Toda*, Michihiro Toyoda™*,
Kyosuke Hirayama***, Kentaro Uesugi**** and Akihisa Takeuchi****

It has been reported that the elimination of trace phosphor changes eutectic Si phases from a coarse plate-like structure
to a fine structure in Al-Si alloys, thereby enhancing their mechanical properties, particularly ductility. In the present study,
the damage initiation and growth behavior in Al-7%Si alloys with and without trace phosphor of 10ppm were investigated
by employing an in-situ X-ray microtomography technique. High resolution 3D/4D observation and subsequent image-based
analyses enabled the detailed assessment of the damage evolution behavior.

From the results, it was concluded that both initiation and growth of micro voids originating from particle fractures are ef-
fectively suppressed in phosphor-free alloys, allowing drastic improvement in both the strength and ductility. By eliminating
trace phosphor, dominant particle fracture is effectively postponed to later loading steps. It can be inferred that mechanical
properties can further be improved by controlling the existence and geometrical distribution of hydrogen micro pores in

phosphor-free alloys.
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Table 1 Chemical compositions of aluminum alloys

used.
AL-Si F 5 4 DAL ALK,
(mass%)
Si Cu Mg Fe P Al
10 ppm alloy 6.9 025  <0.01 0.02  0.0010  bal
2 ppm alloy 6.9 0.27 <0.01 0.02 0.0002 bal.
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Fig. 1 Piezoelectric test rig specially designed for X-
ray micro-tomography, shown at center. The black box
is a detector unit and the X-ray comes from the left
side.
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Fig. 2 Nominal stress - nominal strain curve.
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(a) 2 ppm alloy (b) 10 ppm alloy
Fig. 3 Virtual cross-sections of two materials obtained
before loading. Black circles are pre-existing hydrogen
micro pores. Darker areas correspond to the Al-Si
eutectic region in (a) and plate-like Si particles in (b).
Note that eutectic Si particles are considerably less than
the spatial resolution level of the present experimental
set-up in (a).
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Fig. 4 4D perspective views of micro pores and micro voids. The aluminum matrix is not displayed in the figure.
The applied strains of 42.0% and 16.1% are the loading steps just before the final fracture for 2 ppm and 10 ppm
alloys, respectively.
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Fig. 5 Changes in mean diameter, mean sphericity, volume
fraction and number density of micro pores and micro voids in 2
ppm and 10 ppm alloys as a function of nominal strain.
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Fig. 6 Magnified 4D perspective views of micro pores and micro voids. The aluminum matrix is not displayed in the
figure. The applied strains of 42.0% and 16.1% are the loading steps just before the final fracture for 2 ppm and 10

ppm alloys, respectively.
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Fig. 7 Growth behavior of micro voids and hydrogen micro pores

initiated at different applied strain levels.
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(b) Selected growth data for 10 ppm alloy

Fig. 8 Growth curves of selected hydrogen micro pores (left) and micro voids initiated at early loading stages (right).
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Fig. 9 3D perspective views of initiation and growth behavior of micro voids, which are highlighted in red, in 10
ppm alloys. The effects of the pre-existing hydrogen micro pores are compared.
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Fig. 10 Growth curves of voids initiated in vicinity of
pore A shown in Fig. 9 (a). Distance from pore A, a, is
expressed in the gray-scale bar.
9 (@) TRUIEIKEIZok7 AT REELZRL FOD
JRER. A DBELLED S OHiREE 7 L — 24—V T/RT,

Fig. 8 TR P L L TIEFICREBKEREELE L
TWVW3, Fiic, KEIZ o X7 ARBEORA FOKXE
EARE TV 5,

PiEoc &k, KEI 7 oE7 3G SitHicEAEL
THRAT LD, TNEHGOKREREPHTHI DD,
JHDO R4 FOREICIGEEEGAZ 5 E0brs, O
fHrl, WINoMBTbR SN, L -7, 2ppm
MTE 515 2 BEIMH A LR 2 12bicid, $hiEFokSE
IR T OHIHINERES A 5. hiclk, KRR
DIKEDR B TH 5. £z, 2ppm MBI % SRk R E
DKFI 7 v ETPRA FOFEHAE, KEI 7o &7 0O
Hy A b &R FOFERHE VD 2 DO%EIZ > ILER
SifHO & 515 2 b2 =M h oA EhTh 5
ZEERET S, EE, Fig.4 KLU Fig. 6 T, 2ppm #f
TR - Fo R4 FORMEAIHBICEED Sh b, i
Si MO ECEIENCES LT, PARREIS & 5 Hh & SiFH R
LM E bERICBIE S 205, L D/N&7 DAST & L
TKFE I 7 v R 7 AEHOESRESED R A FE2 KT 5
TEMEHEEDNS.

b. ¥ B

Al-7%Si &4 10ppm @ P DK ic & 285 0 Fdk &
ERBA~OEEL Y vy o b o v EHDEE O 2 X
CTIZLDEHEL, S5ITA 4 — I~— 2T L7z,

P 2Kk L e 54T, R TEickRT 2 K14 FOF
B EES I s N, EE LW PREES L
7z, THRbLL, NP P AT 5 & T, Mok
MERFICRET 5. PIEAEIIB VT, KEI 78R
7 DK 5 ST O E AR oG L b, 1%
HIHED S 53 5 ENTIREL BRI NI,

HHEE

AWFGE D FEERIT T & At UM R TR Bl 2 1
FER ARSNGB EBICES T 5. £, TOWRE,
SPring-8 TD ¥ v 7 o b o VEFHEFER GREERS : 2013
B1324, 2014A1267) ik 2 T & %3d L CEEHd 5.

SEB
1) M. Tanaka, K. Higashida, S. Sadamatsu and H. Nakamura:
Proc. 31st Risg Int. Sympo. on Mater. Sci., Risg (DTU)
(2010) 443.
2) M.A. Hopcroft, W.D. Nix and T.W. Kenny: J. Microelectro-
+mech. Syst., 19 (2010) 229
3) T. Kobayashi: Mater. Sci. Forum, 396-402 (2002) 1267
4) RIKEA, $SAREHE, Npkdok  B2/E 47 (1997)
341
5) MRHPET | B T 75 (2003) 325
6) SHFEH, AHRPETT @ #E 15 88 (2016) 631
7) H. Toda, T. Kamiko, Y. Tanabe, M. Kobayashi, D. ]J.
Leclere, K. Uesugi, A. Takeuchi, and K. Hirayama: Acta
Mater., 107 (2016) 310
8) HEnZHE, FHBZ, /MR, AR, /MAEER:
#X42JE 58 (2008) 58
9) M. Kobayashi, H. Toda, Y. Kawai, T. Ohgaki, K. Uesugi, D.
S. Wilkinson, T.Kobayashi, Y. Aoki and M. Nakazawa: Acta
Mater., 56 (2008) 2167
10) BRG], RFM, iR - B4R 58 (2008) 15
1D EEER, FEREM, EE2HHG  HASEY 2
77 (2013) 565
12) S. W. Smith and J. R. Scully: Metall. Mater. Trans. A, 31
(2000) 179
13) H. Toda, T. Hidaka, M. Kobayashi, K. Uesugi, A. Takeuchi
and K. Horikawa: Acta Mater., 57 (2009) 2277
14) H. Toda, H. Oogo, K. Horikawa, K. Uesugi, A. Takeuchi
and Y. Suzuki: Metall. Mater. Trans. A, 45 (2014) 765



