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Manufacturing of porous Mg-Zn composites by spacer method and
its compression properties

Ryo TSUKANE'*, Hiroyasu TAMAI' and Kunio MATSUZAKI?

In this study, porous Mg-Zn composites with designed relative density were manufactured by spacer method. The
effects of porosity and Zn addition rate on the compression properties were investigated. The relative density of the

manufactured porous Mg-Zn composites were a little lower than the design value, but it was almost controllable.
The compressive stress-strain curves of porous Mg-Zn showed the peak value of stress in the initial stage of defor-
mation followed by a long plateau and the steeply rise in stress by densification. The compression properties
showed relative density dependence, and the higher the relative density, the higher the Young's modulus, plateau
stress, and initial peak stress. Young's modulus increased as the amount of Zn added increased, but the plateau stress
and initial peak stress were higher when Zn was added at 5 mass% than when 10 mass% was added.
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Fig. 1 SEM images showing the powder morphology. (a)
Mg, (b) Zn, (c) NH;HCO;
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Table 1 Designed relative density, ratio of Zn to Mg-Zn mix
powder, content of Mg, Zn, NH,;HCO; of mix powder.

Ratio of Zn to Content
pa (%) Mg-Zn mix powder (€3]
(mass%) Mg | Zn | NH,HCO;

0.39 | 0.02 0.87

30 5 0.40 | 0.02 0.86
10 0.42 | 0.02 0.87

0.52 | 0.03 0.75

40 5 0.54 | 0.03 0.75
10 0.56 | 0.03 0.75

0.65 | 0.03 0.62

50 5 0.67 | 0.04 0.62
10 0.70 | 0.04 0.63

0 0.77 | 0.04 0.49

60 5 0.81 | 0.04 0.50
10 0.85 | 0.04 0.50

0.90 | 0.05 0.37

70 5 0.94 | 0.05 0.37
10 0.99 | 0.05 0.38

1.04 | 0.05 0.25

80 5 1.08 | 0.06 0.25
10 1.12 | 0.06 0.25

0 1.17 | 0.06 0.12

90 5 1.21 | 0.06 0.12
10 1.26 | 0.07 0.12
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Fig. 2 DTA curves of green compacts during heating.
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Fig.3 (a) SEM image and correspond EDS element maps: (b) Mg and (c) Zn.
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Fig. 4 XRD patterns of (a) Mg powder, (b) Zn powder,
(c) porous Mg-Omass%Zn (designed relative density 30%),
(d) porous Mg-5mass%Zn (designed relative density 30%),
(e) porous Mg-10mass%Zn (designed relative density 30%).
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Fig. 5 Relation between measured and designed relative
density.
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Fig. 6 SEM image showing porous Mg-5Smass%Zn
(designed relative density 50%).
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Fig. 7 TG curve for Mg-5mass%Zn (designed relative
density 30%).
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Fig. 8 SEM images showing microstructure of porous (a)
Mg-Omass%Zn, (b) Mg-5mass%Zn, (c) Mg-10mass%Zn
(designed relative density 90%).
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Fig. 9 Compressive Stress-Strain curves of porous (a) Mg-
Omass%Zn, (b) Mg-5mass%Zn, (c) Mg-10mass%Zn.
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Fig. 10 Relation between Young’'s modules and relative
density.
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Fig. 11 Relation between plateau stress and relative density.

Lo TESNZBEEAMCH) e PHbITH B2,
E.=EV;+E, (1-V)

I Mg/Zn B EME DY > ER
Vet Zn DRFEER
E  ZnDY ¥ 7K
En MgDY v 75
— W2 Zn DY ¥ TERIIMg LD b EW O, MgEMH o
ZnlER LM O E R T E D720 Zn DEFEEHIKE <
LRAHIEEEMBOY Y VRIEIEL D2 LEZOND, T
7o, BEAEARTIEY > 7 3 K OBl 72 Z2fLOFFTESEE 1
KAEL, GEEEBRDTLIZONY Y V7R3 E bl
0% ZniRINC & O B LA X UK R O il 22 22 7L A8
BAOLIZELHELTWDEALILD,
—HT, 7T b=l & OEMGREIEEE KIT TR
ELTREIVEDESEND L, ZILOEFELIZEIVEEDRK
R, BIEE7ZZMITIC L > TR 2720, EEOFEVHEHE



176

JEMET 2 EIEOR AR L D S INTE LR E T <, E
HEREDNEL R D E W) TEDPAKRSICLVHRES L TWY
%205 Fig 12 \AIR B B & BT O 51 O R
(TR AIET) OBRERT. ZnkifiNs 52 & TH)
IR AL R L T2 25018 10% TIETRINE 5% £ 1
LR BB HANALNL, BURK) 2EE LTO
B2 HEVE O S TIE 22025, 202 & 1d Mg-5%Zn D7
ASMg-10%2Zn & 1) O EFMFIEEICENTB Y IR L L 23w
CEEREL TV, XBEPFOKETIIFRD LN D o7
3, Mg-Zn —JCRIRFER A 5 Zn DRI & - THE#E R I L4
B DSHTIEET 5 2 L TEEBILEY ORI DT
LTWw3EEZ LML, InRMEN S VT EZOERERITS
(7Y, ZOREMg-10%Zn1E Mg-5%Zn & 0 IEEDE L 722 %
ZEIZERAL, Mg-5%ZnD 9 Mg-10%Zn & V) & &I 27w
L-tEZOLNS,

4. & B

Mg \ZHERE TSR] & L C Zn % 30 L 72 AR BER 28 L
A=A &) 2R ILEE HIEH L 22 Mg O R — T AR EE
ER LR 2 TG R, DT Lhvbroiz,

(1) AYEBIZBWTIERL 228 — 5 AR O A8 1358
RERVIIRAT L 720 TR OB 72 Z25L oo 72 o B EME L L T80
RLEL BB BBBLAKBETE TWwi,

(2) FERL72R— I A oEmREBIC L D ESREH
O T ABRENIETNIRE REMIC 2R L, ZFORIST
PIE—FETOTAIERTZ 77 b —5HE, 518N
HEATT 2 LISHDEWT 2 BELFESEZNTBY, 75
b — I BT OZEEN R Sz,

(3) JEMEEEIH T IERAFE R L, AT I
EX VTR 7T N, WERRICIIEE L o,

(4) ¥ ¥ 7EE I S5 O E % R 723720 Znifs &
FWRTIIE LR T A0S, 75 b=, WEIRKIE I Zn
WINEA10% 127 5 & 2 VEDIEEIME T 34 720 R INE
5% DFDEIST R T o
E

Mg ¥y R & Rt & 7z B B b TR SR H 72 L
Ee

2 F X ®

1) T. Mukai: Materia Japan, 43 (2004), 810-814.

2) H. Somekawa and T. Mukai: Scr. Mater., 53 (2005), 1059-1064, doi:
10.1016/j.scriptamat.2005.07.001.

3) H. Somekawa, Y. Osawa and T. Mukai: Scr. Mater., 55 (2006), 593-
596, doi.org/10.1016/j.scriptamat.2006.06.013.

4) J. Banhart: Prog. Mater. Sci., 46 (2001), 559-632, doi.org/10.1016/
S0079-6425 (00) 00002-5.

5) /ME B BREE, 55 (2005), 327-332, doi.org/10.2464/jilm.55.327.

6) BHE®R, BH 57 8B4&E, 62 (2012), 313-321, doi.org/10.2464/
jilm.62.313.

7) REEE, BEED, FOORE FIGE  BEE, 64 (2014),
628-632, doi.org/10.2464/jilm.64.628.

8) BIFKL, /ME E, mHME #HARE HERE EH
IE E4)E, 69 (2019), 93-100, doi.org/10.2464/jilm.69.93.

0) kB, ARED. FHEEE AR IG5 AF

BEE 71 (20210 4)

1000
- 8- -Mg-0%Zn

—— Mg-5%Zn
100

—0— Mg-10%Zn

Initial peak stress, gy/MPa
[
=

1 i e
A
,_
0.1 | 1 1
10 30 50 70 90
Relative density, p/%
Fig. 12 Relation between initial peak stress and relative

10)

11)

12)

13)

14)

15)

16)

17)
18)
19)
20)
21)
22)
23)
24)

25)

density.

& % % & 80 (2016),
J2016017.

A MEEH KK SR
org/10.11457/swsj.72.4 232.

M. Hakamada, Y. Asao, T. Kuromura, Y. Chen, H. Kusuda and M.
Mabuchi: Acta Mater., 55 (2007), 2291-2299, doi.org/10.1016/j.
actamat.2006.11.024.

C.E. Wen, Y. Yamada, K. Shimojima, Y. Chino, H. Hosokawa and M.
Mabuchi: J. Mater. Res., 17 (2002), 2633-2639, doi.org/10.1557/
JMR.2002.0382.

C.E. Wen, Y. Yamada, K. Shimojima, Y. Chino, T. Asahina and M.
Mabuchi: J. Mater. Sci. Mater. Med., 13 (2002), 397-401, doi.
org/10.1023/A: 1014344819558.

Y. Bing and D.C. Dunand: Mater. Sci. Eng. A, 528 (2010), 691-697,
doi.org/10.1016/j.msea.2010.09.054.

C. E. Wen, M. Mabuchi, Y. Yamada, K. Shimojima, Y. Chino and T.
Asahina: Scr. Mater., 45 (2001), 1147-1153, doi.org/10.1016/S1359-
6462 (01) 01132-0.

C. E. Wen, Y. Yamada, K. Shimojima, Y. Chino, H. Hosokawa and M.
Mabuchi: Mater. Lett., 58 (2004), 357-360, doi.org/10.1016/S0167-
577X (03) 00500-7.

R. M. German, =iiliFE, HARF—R:
ZRBRE, (1996), 307-320.
i th, HEER, PR
doi.org/10.2464/jilm.65.269.
=t RR R X O KR4S 59 (2012), 685-
692, doi.org/10.2497/jjspm.59.685.

American Society for Metals: ASM Hand Book, Alloy Phase
Diagrams, Vol.3 (1992).

L. J. Gibson, M. F. Ashby: Cellular Solids Structure and Properties (2™
Ed), Cambridge Univ. Press, (1997), 175-234.

fH O H AR A MR &EE 22 (199),
org/10.6089/jscm.22.19.

ZlFEL, EARE- R BIOBEES, 26 (1979), 60-65,
doi.org/10.2497/jjspm.26.60.

AR, BN, AME B, R B4R, 63 (2013),
446-451, doi.org/10.2464/jilm.63.446.

390-393, doi.org/10.2320/jinstmet.

72(2018), 232-236, doi.

mEGEEORE, NH

i B4R, 65 (2015), 269-274,

19-25, doi.

WEHE M T OBE BARR, SIS, SRER HAS
mF4EE, 73(2009), 88-94, doi.org/10.2320/jinstmet.73.88.



