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Development of Aluminum Alloys Utilizing Features of
Laser Additive Manufacturing Process
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Fig.1 OM image on a vertical cross section of an AC4CH L-PBF
specimen fabricated under the optimized laser scan
parameters. (Modified citation from reference’®).
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Fig.3 Mechanical properties of as-fabricated AC4CH L-PBF
specimens. (Modified citation from reference'). (Online
version in color.)

Fig.2 (a) OM and (b) SEM images on horizontal (-1) and vertical (-2) cross
sections of an AC4CH L-PBF specimen. (Modified citation from reference'®).
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(a) OM image on a vertical cross section and (b) X-ray CT
transmission image of an Al-Mg-Sc L-PBF specimen fabricated
under the optimized laser scan parameters. (Modified citation
from reference®). (Online version in color.)
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Fig.5 Change of Vickers hardness of Al-Mg-Sc L-PBF specimens after
aging heat treatments. (Modified citation from reference 22).
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Fig.6 Mechanical properties of as-fabricated and peak-aged Al-Mg-
Sc L-PBF specimens. (Modified citation from reference ).
(Online version in color.)
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Fig.7 EBSD-IPF (inverse pole fiure) maps on vertical cross sections
of (a) as-fabricated and (b) peak-aged Al-Mg-Sc L-PBF
specimens. (Modified citation from reference 29). (Online
version in color.)
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Fig.8 (a) STEM-BF (bright field) image, (b) STEM-EDS (energy dispersive X-ray spectroscopy)
elemental mapping image of Sc, (c) selected area diffraction pattern, and (d) TEM-DF
(dark field) image on a horizontal cross section of a peak-aged Al-Mg-Sc L-PBF specimen.
(Modified citation from reference??). (Online version in color.)

| 923




4258 Vol.27 (2022) No.12

W TH#I%E L 72 Fig.8 (1) O TEM-DF (Bf¥ %) kb, ¥
VIIIF ) X — bILH A ZOWE  ALScHT A « -AlRE
FFZE—3 L T3 Z Ehbh b, ALSchli, L — i
AN X B 2B OIRT A S ¥ U b o -ALRHHEPIZE
FIRIEVA U, 2 DBOBMIELC X 0 J58k - Bri L TER L
7T H B

N6 OFRRBEAE R 6 Wb EVLIEIC X 5 )% D
I (Fig.6) (3885153 #% U 72 AL,Sc A & B itasb & £ 42 5
N5, ALScHHE o -ALBHHORE T ERD I 27 4 v M3+
13% L HELWBAMAA T2 Z A RE XN THD P, B3
AR E U TR LIS 2, —h. v 7 3 v 2370
3= AFICEE LR TVIRECR ™ Th B0, v 4y
2 LS & B EEARRGIZETE £ 6, -2 B huc
BT FE ALK& %5, A T, Wl (Fig.7)
12X B RABIZ DN T A FIZFH 5 LTwb 5L
5%,

PLED X312, L-PBF 7 U ¥ 2O 2B EHEORRIZ XD .
WEICER & R A AIEE S €. £ OBOFMIIZ LD
WAL AENI S 2 Z & CHREAIM L TE S Z Ebh -7z,
Zhid, 7L =Y 2AEDL-PBEEBKIZE T 260k
B TFHED—DTH 5,

A5 L-PBFTOGRDEEREEN UL
PIL=ZO L—-BRERR
MHEAS EDEIS

AFTIE, L-PBF 7’0 ¥ ZDFFE T b % Siliaii~sumit
B %350 L CEH O MBI L 727 L 3 = 4 —BREIE R
BOE OG5 12O TRAT 5,

Al-Si B A4S Al-Mg-Sc A2 5 K % SR O 13,
WIS 150 CTLLEO @R TR T % 154, 207-
W, T3 = 5G40 L-PBF AR % iR b it~ FH 41k

()

Fig.9

Stacking (b)

100 4 m

KT 57201213, MBI B R e & 5, FH 513, it
Bk Lo ORMEEItHEE LT EREBICEHL
720 EBREEIE, 7L =Y AThORKEVARAEKL . 2D
i CRE S SBRCAME KT 5% 20, 7A=Yy
L —ERERREETIREN MO R R X h 5,

L2 L, RG-S AR Lk (BARGSERHHEE) 12X DR
WU 728t 2 OBJEIE (FRI2, BOWARE) (1SEX L O
K EBRHEA AR L, D = h b5 2, —J5.
L-PBFIZZ N THNTE 2L 12, L —HERIC K 2800
FEE ORI & 0 | Fd TROHHBEE (10°~10° K/s) T
BTx2™ Wiz, L-PBRICKD 7L I =9 4 — 54
BREEERIET 5 Z & T, BREE & mHlEA U 2
VAR R & B, 2 OO REELEC K O Sl s 754
BB & il L L 7=l PR T & 2 LB A 72, 2O
&9 BEBZKD . PERM OGRS & KIS Z % 7L 3
= L —BRERRIMEA S 5K 5 L-PBFE A DAL
HiRA Tz, AZETIE. BHFE L 72 Al-Mn-Cr R i 24 R R
% F 72 L- PBF & AR OB L & AR SR (L IR 112D
WCHHE LY,

AR A IX AI-8 % Mn-2% CrBa A< (LLF. Al-8Mn-
2Cr) DEFRH AT F v A ZFT. FERRIE27.2 ymTH
%, Fig9lZ. M L% o b U7z v — gk &
IZ& D AEBLL 72 Al-8Mn-2Cr &R D (a) SHIEWIHIZ &5
% OM 144 KU (b) XFRCTEMEG %R §, W ARNEBIZ 2
BRRGIZIE L AL &< BEEERIF O TS, Kili§ %
TAEAL U TR U MR EE IR E 99.9% U ETH D,
Al-8Mn-2Cr R AEIZEBNZEBEEF L CHE 2 L0b
5,

Fig.1012, MR EVLELIC & % Al-8Mn-2Cri& (A D E v
H— AR OZEACE RS, & d. RGBT IS AR LU
3 LT, S M ORE X 130HV & HiHy Eo
A3, RERPUEIC X O W I3 BHE IS B LT B (RERDREAL) o

t12 mm

8 mm

(a) OM image on a vertical cross section and (b) X-ray CT transmission

image of an Al-Mn-Cr L-PBF specimen fabricated under the optimized laser
scan parameters. (Modified citation from reference 20)).
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Fig.10 Change of Vickers hardness of Al-Mn-Cr L-PBF specimens after
aging heat treatments. (Modified citation from reference 2).
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Fig.13 EBSD-IPF maps on (a) horizontal and (b) vertical cross sections of 350 “C aged Al-Mg-
Sc L-PBF specimens. (Modified citation from reference®). (Online version in color.)

HAADF T
e e e )

— ’
500 nm

Fig.14 (a) STEM-HAADF (high-angle annular dark field) image,
STEM-EDS elemental mapping images of (b-1) Mn and
(b-2) Cr, and (c) selected area diffraction pattern on a
horizontal cross section of a 350 C aged Al-Mn-Cr L-PBF
specimen. (Modified citation from reference?®). (Online
version in color.)
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Table1 Semi-quantitative chemical composition, analyzed by STEM-
EDS, in the a -Al matrix (indicated in Fig.14 (a)) of a 350
°C aged Al-8Mn-2Cr L-PBF specimen. (Modified citation

from reference?).

Semi-quantitative chemical composition
[mass %]
Position | Mn Cr Al Others
Aged-1 |64 2.0 89.8 1.8
Aged-2 | 6.6 1.9 89.7 1.9
Aged-3 | 6.5 1.9 89.6 2.1

Table2 Diffusion coefficients of various solute
elements in aluminum at 500 ‘C 3.

Element | Diffusion coefficient
[m?/s]
Mn 6.9%x 10"
Cr 8.8x107"
Mg | Lixw®
Si 1.3x10"
Cu 42X10™
Zn 1.9x107"
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