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Three-Dimensional Morphology of C15-Al,Ca Precipitates in a Mg-Al-Ca Alloy
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The three-dimensional morphology and thickness of the C15-Al,Ca Laves phase, which precipitated within the primary a-Mg grains,
were investigated for the Mg-5Al1-1.5Ca alloy over—aged at 523 K for 100 h using the high-resolution transmission electron microscopy
(HRTEM) . The C15-Al,Ca phase precipitated with a hexagonal plate-like morphology along the (0001),, basal plane of the a—Mg matrix
phase, where the sides of the hexagonal plates were parallel to the second columnar plane {1120}, of the o matrix. The typical coffee bean
contrast was clearly visible around the precipitates, indicative of coherent precipitation of the C15-Al,Ca phase. The thickness of the C15—
Al,Ca precipitates, which corresponds to the six layers of (111)¢;s plane composed of Ca atoms, was evaluated to be approximately 1.5 nm.
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BB % it U 72 BF 0>, W o-Mg RPN 0 7% M R T SN
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Fig. 1 TEM BFI of the Mg-5A1-1.5Ca alloy aged at 523 K for 10 h,
taken with B = [1120], and g = 0002,'?.
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<, NHAEOZE MRV E T BHEMEI BT 5T, it
DEEEFATET AL IIRETH L. RRESITBIT HHTH
S bR 2 B R IICEE S 5125 72D, Cl5-ALCa #T A
DERTMEIRB L PR S L vo iz, BRI LMK T 2 —
T OMANLEEL 5. AUIZRO B, &0 FiEE T
$% (High-Resolution Transmission Electron Microscopy: HRTEM)
ZHOEERTOMBBIZIZI D, Mg-Al-Ca REE D
FYBSLEL AT S B B C15-AL,Ca T — R AMIC BT B,
ZRTCIEIRB KO IAHE S 2 HIEL T2 £ TH 5.
2. £ B H &

Ll H1E Mg-5AI-1.5Ca & TH D, TOEEMEE Ta-
ble 1 127”7, REEDERIX 1 vol% SFg-99 vol% CO, iRE
HAFHETIZTIT, 3=V FF v o N—RD¥ A4 H A+
HBICX DT A ZX50%x70x 3 mm® OB 2R Lz 4%
A MREOEBHRE S X OSHRREEL, TNEN 993K BI Y
AIBKELTWA., FA4H A MIZOWT, E 523 K DK
FHIZT 3.6 x 10° s (100 h) DIRERIBSLIL 2 i L 7=, e ds, &
W2 Tlid C15-ALCa T MO 4 X & K& L, Bz T
EHLMYEZICTHIEERBRLT, BRI ORFRHLI S5
Tha e L2y, BB 4 G L 223082 5, B 3 mm
BLOEEZ 120 um O FERE R Z U H L, 10 vol % #
WHFEWE-90 vol% T F V7V a— VRSB PIZTY A~
Vv MEMBIERE I L) BRRE L L. BAETE
SR, ME243KICTEEZ25VELTEY, ZOKD
WHEEIIEHN 01 A L b. BIFIBICE Y ILE DI 72w
22T, FEI AL B o N 158 A% M ¥ 17 B ER Titan®
G2 60-300 & T, BEDOEFHAS D CHLRE
Bafiolz. 7B, ETHROMEELIL300kV & LTW5.

3. EBRERSLUER
3.1 C15-AlL,Ca T EBD =RTHIFSIK

Mg-5Al-1.5Ca &4:® 523 K/100 h FiZh#1 12 815 5 HRTEM
1% %, i) BR A% [\ 37 X HZ (Selected-Area Diffraction Pattern:
SADP) B X " EZ 2 M B M O E L H b T Fig. 2 IR
T hB, BRIHo TEFHROAF XS PviL, B
a-Mg M2 L B=[1120], & L T\ 5. Cl15-ALCa #7
&, BEAH o-Mg D (0001) , BT F A FRRRICHTIL L T w
%, FEEIR CI5-ALCa T M O K S1d 24 nm TH Y, HX
W 5-7 BT REICHYE TS 12m THDH I ENRTRNS.
HrAHO ETHANC BV TERIEO AT Y b T R MY
BN, OFAITY MT A MEIFEIR C15-ALCa #7 A 2
SIRAKTR2mmBENZVEICETELTVS. Z0kH) %
I—b—V—VIROVDTAIY M T X MEHEICED NS

Table I Chemical composition of the Mg-5Al-1.5Ca alloy used in
this study (in mass% ).

FElement Al Ca Mn Mg
4.98 1.46 0.34 bal.

%83 &

ZEh D, IR C15-ALCa BT i, BEAH o-Mg AT
LTESIHELTWEb0EZ 6N, B, Bl ae-Mg
HNEAHERD hep (A3)HEEZ AT 5 DI L, ALCa firih
HH O T X SR D CIS i T 5. HIAHIC BT
LG DR R DS, OISR ERRDLZ 0D, F
HER C15-ALCa HICB I AITHO XA = X 21, AE ) —
TVHRECIE R BERRETH L b0 LHEIND.

B o-Mg HIC 3B 2 SR EE 51 TH 5 B = [0111], 12
THIZE L 72, 523 K/100 h FE&)#F ¢ HRTEM 1% % SADP
& HHETFig. 31TRT. PR C15-ALCa #TiitHiE, FE
F-BEMNBERIRTIE R EMBIIRE LTBIgES NS, &
7z, IR C15-ALCa T IRAHIC BT 2 L ML O — 1A, &
M a-Mg tHD (1120}, T & PATE 25 2 EHFRTINS. DL
@ HRTEM #1845 £ 20 5, Mg-5A1-1.5Ca & & O i) B
HAZBWT, B oe-Mg MHHIHT I 5 C15-ALCa #H D
ZUWICHIZRIE AN AR TH ), C15-ALCa #T HHAH O
L o-Mg FEFH O (0001) , TR & AT L 22 b, 72, Ml
MHOMEIE 1120}, B MM & FITE R BT VWL 2L
o7z,

3.2 FEIK C15-ALCa rHABICEH 1 B [E 2 OF

Mg-5A1-1.5Ca &4 O WERN LI AT 9 2 S AT TPk
IR C15-ALCa HOJE & % e (23 - I 5 72012, Fig. 2(a) (2
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Fig. 2 HRTEM image of the C15-Al,Ca precipitate observed in the
Mg-5Al-1.5Ca alloy aged at 523 K for 100 h, taken with B = [1120],
(a). The SADP and its illustration with indices are shown in (b) and
(c).
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Fig.3 HRTEM image of the C15-Al;Ca precipitate observed in the
Mg-5Al-1.5Ca alloy aged at 523 K for 100 h, taken with B = [0111],
(a). The SADP and its illustration with indices are shown in (b) and

(c).
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R L7z Cl15-ALCa #TilAHDMFEBIZAE H L7z, Fig. 2(a) I2B1F
% C15-Al,Ca #r i tH O £ % 9K L 72 HRTEM 4 % Fig. 4
(a) 1278 9. Fig. 4(a) PO KP- OB THBED ARy
N SBEIICEHI L CEB Y, A4 o-Mg M B 5 hep fiak
@ AB BEHREICED SN B, THIK L, Fig 4(a)dho
A TRHAZHEIRICB VT, AfAR Y bOBRNYES] P
LN TV D

Fig. 4 (a) OIS TP A 7298 B 53 K1% % Fig. 4(b)
R, HEFHICBU A B 5 oK T, A A S
AU D720 S 2IHENTH S DI L, BLE IO
LAPEG I B TRBENIAHE E 5. ZhaeBlg L %<
T 5 72912, Fig. 4(b) & WM 7 — Y T % i (Fast-Fourier
Transformation: FFT) 954 Z &2 L V{5 5N b FFT BICB W
T, BHH o-Mg ORI HIR 2 SR DA 2 < 2
FUUL, ThEHER L Bohdy—1) 2&¥HE
(Inverse Fast-Fourier Transformation: IFFT) {§ % Fig. 4 (c) {27~
F. Fig. 4(c) D455 D RAH a-Mg 12 3> T (0001) , 1]
OB —EL %25 2 ERRTHINE. Tl l, #HEF
DR TIE, BERMAROMEIMET T2 L L b1, Bw
%Eﬂ ORTIRVCTHITE G & F VW RENS TR R T & A8

BT 2 HEATRO 5N 5.

Mg—Al—Ca/\ A 4 0 R )y B B LT IR % Bl C 15—
AL Ca &, P o-Mg #HIZXT L, ®B B & ORE H 1A
TS FEAT % (111 ¢15// (0001) 4, [01T)¢ys//[0110], 7 2 5 i
TR AE AT LA, EMIET-HME % v 72 SADP
fEFTIC & 5 C, Suzuki HIZE VB SHITXhTW32, CI5
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Fig. 4 HRTEM image of the Mg-5A1-1.5Ca alloy aged at 523 K for 100 h, taken with B = [1120], (a). The edge portion of the C15-Al,Ca precipi-

tate, surrounded by the square in (a), is magnified in (b). The inverse fast-Fourier transformation (IFFT) image of (b) is shown in (c).
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Fig. 5 A reduced-sphere unit cell (a) and [110] projection (b) of
the C15-Al,Ca.

BOBETAMEER—E45. ZHIZHL, AETIEIEN
HARZRER L, Shas, HALREHNERO 4 A FTCALE S 5 Ca
JFF & HE ORI T 51,

CISHIZ BT, B o (0001), T & FATEIRICH %
(1) s TS BUT B RE 2 WIS 2 72912, [110]c)5
B % Fig. 5(0)12R7. (111) s MO IZ, —Eo Al
JFET(A, B, O, BXU, “HEoCaliT(a B y ¥k
Niz—@o ALET(a, b, )PBEEINE 22T, Al
T2 505 (111) ¢s TSR TH 5013t L, CaliiT
OIS (111) ¢p5 TS T EIRE & 2w T B A3 28 HASAFAE
T5IEDNRTHNS.

C15-ALCa HTHHAICB VT, CalfTF2 B A IE W (111) cgs
TG IR & 3w (111) o5 T RIBB O & S oL, Fig. 5(a) 12K
CISHANICB T2 HAMESIDOIFDOIICMHET S,
ALCa MO TEHAT0.8005 nm TH 5 = L2519, Ca 5T
DS DI (111) o5 TRIFE & B (111) o5 T O R X 0
AN, 0.4622nm L ERMICHEMD bNb. ZoOflil, Mg
BEAHIZ 315 5 (0001), R D 2 f%, $7% b5, hep Wik D
HAIIZ B2 c i E X TH 5 05230 nm 12387, C15-

%83 &

ALCa HT ML, Ca B 5D 2 ED (111)¢ys AT a-Mg B
B2 2 @D (0001), HIZHIET 5 &) BRE RS 2As
5, a-Mg FHHHICEATHLCwddntEZbhs. F
72, Fig. 4(c) ® IFFT 2B W TR S N5 R T I & 5k
W FR 2SS HAZ B9 5 3380, CI15-ALCa #TiAHIZ BT
% Cali T2 55 (111) s T H RO %2 KL T2 b
DEHWING.

Fig. 4(c) ® TFFT &% 5, F#IK C15-AlLCa tHOE S 1,
CalHT MO A (1) s HD 6 @HIMHBLL, #1.5mm &
AHLDEREEND. T2 Cal BT b6ED
(111) s W 1E, a-Mg BHIZ BT 5 6 & D (0001), 2 Zh
ZFNFINT 5 2 LTINS, AAEFERIK Cl15-AlL,Ca
A OMNEG I BT, Cl15-ALCa HriMl & a-Mg B & @
BAEMERINTY2 DL IR SN E. RITFEOKEH % B
F 2, BRI OBEMNIE S Cl15-ALCa FTHHO KR E B X
OHMAAL DML % € BICIIEIL T 5 2 &g, SHoifE
ThHhbHEVWRD.

4. &

il

Mg-5A1-1.5Ca &4 % MR RN 51 Th % 523 K/100 h 12T
RER BV 2 Jiti L, #)dh a-Mg R PICHTHE 9 % C15-AlCa
5 —RAMOZRITCHIEIRE L VE S %, SR 1M
BBIEICX VIREL, DToRELE.

(1) Cl15-ALCa #T A O =R ITHTIRIE A AR EARIR T
HY, FEmIE o-Mg B O (0001), KTHIZ, F72, MITHEIE
{1120}, 88 A MNIC TN ENPAT E 2 B, C15-AlLCa HT AR
ORFEFAIIBNWTCI— -V —VIRODTHRI Y FT R M2
BEANDLZEND, CI5-AlLCa A HAHIZ A o-Mg FIK L
TEHSIHBLTWwAE 0L SRS,

(2) Ci5-ALCa#T M O JE S 1%, CaJi 74 5 K 5
D eis D 6 ML L, H15mEAESINS. F
72, NAEEBRIEIROMIEICB VT, Cl15-ALCa A &
a-Mg B E OGS HIZRIN TV 5.

KFRDOBITICHZY, ZET VI =y 2R Et L YR
BORMENZZNTBY 9. F/2, AUIZRIX AR FIE
NGBS AT IR ELIE S FE B 4 38 & VAR i N4
REAMEMPSIC IV ERSINLDOTHY, T IIHE
#RLFT. RIFRILIHEERACB TR RS S 7
78T —=7F v T x— LAHER MU IBAN LR =T
THEMINE Lz, BB E VR BIE IS 72 ) M
WITEW 7z, JGHEERFRARE IR, KSR LS
DEERLET.

X [

1) N. Hort, Y. Huang and K.U. Kainer: Adv. Eng. Mater. 8 (2006) 235-
240.

2) IE Nie: Metall. Mater. Trans. A 43 (2012) 3891-3939.

3) Y.M. Zhu, A.J. Morton, M. Weyland and J.F. Nie: Acta Mater. 58
(2010) 464-475.

4) Y. Terada, Y. Murata and T. Sato: J. Japan Inst. Met. Mater. 77 (2013)
391-397.



5)
6)
7)
8)
9)
10)

11)

6 5 Mg-Al-Ca 5 4&12B1F % C15-ALCa #THAH O =K ICHY IR 197

Y. Terada, Y. Murata and T. Sato: Mater. Sci. Eng. A 613 (2014) 136~
140.

A. Suzuki, N.D. Saddock, J.W. Jones and T.M. Pollock: Acta Mater.
53 (2005) 2823-2834.

J.R. TerBush, A. Suzuki, N.D. Saddock, J.W. Jones and T.M. Pollock:
Scr. Mater. 58 (2008) 914-917.

S.M. Zhu, B.L. Mordike and J.F. Nie: Mater. Sci. Eng. A 483-484
(2008) 583-586.

T. Homma, S. Nakawaki, K. Oh-ishi, K. Hono and S. Kamado: Acta
Mater. 59 (2011) 7662-7672.

A.A. Luo, B.R. Powell and M.P. Balogh: Metall. Mater. Trans. A 33
(2002) 567-574.

Y. Terada, N. Ishimatsu and T. Sato: Mater. Trans. 48 (2007) 2329-
2335.

12) A. Suzuki, N.D. Saddock, J.R. TerBush, B.R. Powell, J.W. Jones and
T.M. Pollock: Metall. Mater. Trans. A 39 (2008) 696-702.

13) A. Nomoto, S. Kashiwase, K. Nakagawa, H. Hisazawa and Y. Terada:
J. Japan Inst. Met. Mater. 82 (2018) 94-101.

14) Z.Q. Yang, M.E. Chisholm, B. Yang, X.L. Ma, Y.J. Wang, M.J. Zhuo
and S.J. Pennycook: Acta Mater. 60 (2012) 2637-2646.

15) P. Villars: Pearson’s Handbook Desk Edition, Crystallographic Data
for Ir)zlermetallic Phases, (ASM International, Materials Park, OH,
1998).

16) Y. Zhong, J. Liu, R.A. Witt, Y.-H. Sohn and Z.-K. Liu: Scr. Mater. 55
(2006) 573-576.

17) Q. Peng, J. Meng, Y. Li, Y. Huang and N. Hort: Mater. Sci. Eng. A 528
(2011) 2106-2109.



