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ABSTRACT

This paper investigates the relationship between the flowability and electrical properties of metal powders

in powder bed fusion — electron/laser beam melting (PBF-E/LBM) technology, with a focus on the impact of

naturally formed oxide films on powder surfaces. Additive manufacturing (AM) technology is crucial in industries

like aerospace, automotive, and medical, where forming a high-density, uniform powder bed is essential for

product quality. Flowability is influenced by factors such as powder shape, particle size distribution, and surface

characteristics, including the oxide film.

The study compares powders produced by gas atomization (GA), plasma atomization (PA), and the plasma

rotating electrode process (PREP), specifically examining Inconel 718 alloy powder and SUS304 steel powder.

It analyzes their electrical properties and flowability to understand the impact on powder recoating performance.

The research utilizes particle image velocimetry (PIV) to visualize powder flow during recoating and discusses the

electrical properties and thermal stability of the surface oxide film, especially under mechanical strain.

The goal is to enhance understanding of powder flowability in the PBF-AM process and contribute to better

manufacturing techniques for high-quality metal components.
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Fig. 1" SEM images of Inconel 718 alloy powders: (a)(d) gas atomized
(GA), (b)(e) plasma atomized (PA), and (c)(f) plasma rotating
electrode processed (PREP) powders. Results of the rotating drum
flowability test showing the dynamic repose angle for (g) GA
powder, (h) PA powder, and (i) PREP powder.
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Fig. 2" (a) Circularity and (b) particle size distribution of Inconel 718
alloy powders (GA, PA, PREP). Particle size distribution (PSD)
of GA powder, PA powder, and PREP powder.
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Fig. 3” (a), (d) Particle morphology images (with magnified surface), (b), (¢) particle size distribution (PSD), (c), (f) particle morphology density maps. (a), (b),
(c) GA SUS304 powder, (d), (e), (f) PREP SUS304 powder. (Red arrows indicate satellites adhered to the surface).
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Fig. 4” (a) Measurement results of DC resistivity of GA and PREP powders. The DC resistivity of GA powder is 5710.5 Q-m, and that of PREP powder is
23.2 Q-m. The inset shows a schematic diagram of the DC/AC resistivity and impedance measurement system. (b) Nyquist plots of GA and PREP
powders obtained from AC impedance tests. In the low-frequency region, the resistance of the metal bulk (Rm) is indicated, and in the high-frequency
region, the resistance of the surface oxide film (Ro) is indicated. The GA powder shows a semicircular impedance response depending on the
frequency, but this response is not observed in the PREP powder. The inset shows an enlarged view of the PREP powder. (¢) Equivalent circuit model
of the impedance of GA powder. This model is used to understand the electrical properties of the powder.
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a3 BT OB E RE R Oluskimerg) -

B ORBER2EV (3.28x10°%s) 2 &1E, WML
FRESBRMICHFEATH Y, BSEHEIIRE L 2w L
RIS 5.

UEZREMICERTLE, GARBKOBRIHELR LS
M3 2MI0H2LE25. Body Ty VA, KERN
ERT (BWEMEER), 8 X ORMERIL IO #i
B, COHBEREMBENZEMFITLTNS. Lo T,
GAMKIIHERZERL, ChidhRomwEEhzil i
RETIELRENERLEEZONS.

b. PREP KDL V¥ — ¥ v Rk

MAREMIFEIC & 5 TE, BEROREH T Mo B A
595720, 4 v E=F Y AR EHIEPSKELRL S
Y633 5. PREPHROYEENIICHTIEE Y, Fig. 4 (b)
DFFAMNIRENL A Y E=F UV ARED X HIZ, FH2S
KELEBL, Z®DNyquist plot (FA4FAb7Tay M) &
I a—)v - a—n7ay b TGS, Fig 4 (o) IR
ENDLH—DOEWILE F ¥ /83 ¥ ¥ ZDOWHEE L LT EAfa
BEFVEMEST LI LN TERWV., L7225 T, PREPIH
KDOA LV E—=F L ANEL, Bl b A H = ALY 558
PG LTWwBEEEZONS. 2L, KO XD R TH
HT& 5.

b.l MMM S & 4l 45k

PREP #3 KO EMBALE LT, F v /837 7 AHURE
W, BLEBEIEERMICSR R 2D, X512,
A Y E—=F Y ARBEEIIEIUL I L > TR E NS, #
RELT, FMFAMToy MIHMZREMEEZ#»T, K
LAY =¥ ARy
b.2 B DIEE R DAAE

F X NT T VAR EVTD, 4 Y E=F U ARBITB Y
THHEOWEROEEL2Z T LD, 0D, 74
FAMNTOY N (A v¥E=F 27y ) PEMELEIRE
N

Pl ThITosis,s, GAKWAEKE PREPHRDELR
YR ZNZNOR KO EAEREIREEIICE 25
ERER L7 RETIEX, SRS OBESEED S & —
Ny FORHEIZED X HITHEEEZ G2 50 % ICE 5T
. JFIZ, Va— b7 ur AP oOREORBET L, FORK
BN 72 A 2 155 720 OEBRER 2 HNT 5.

Spreading blade

(b)

3 N F—KRy FOY a— MEIXT ZHABRNREOHZ
GA ByoK & PREP ¥y oK 0 B MR B % 3l 2 2047 13,
INLOMKOHELRERE L LML EOLELH S
MLz RIS, GAMEKREEVIIILE F v kv 5 v 2%
AL, TNOEFEFAGHEEN 2 ED, WROGEE % mibs
LEMNERS>TWD EHELETE A, —J, PREPHEIZH W
BALR I E K v Xy 5 v 22D, BRI L) &EW
A RTEEZOND.

NS OB, Y ¥ =Ry FTOKKOTREINE
WCHEBEN R MEE S5 25, GABROEWEENIZ BHEO
Y—REA0 M () a—ME) ZUI, REIEET €5
RS B, W2, PREPHYARIZ & ) BIF Atk %2 /R$
ZENFREING.

AETIE, INHOBRNFMEL ST =Xy FOjEHE
252 B0BIZOWTH LS ERET 5. BRWIZIE, Ko
) o— M BEZRE), BIXOWEMoNEHsREERL, Z
NZENOBENRED L)Y F—Xy FRTRET L9 %
ENTT 5. ZHITLD, BEOBRNGEFEDS DS 57—
Ny FJa— B AI2BWTED X HITEEL KT H
EHLPICT 5.

30 Xy —1)a— 7t 2ADOZFOYEE—PIV (R T

B AR E) o

Ny F—xy FEE7at 2 (Ja—b7atx) TOH
KRB 2L TH I EICE Y, H—Ry ¥y —xy |
TN LT 2 BBy RAFME 2 (LT 5 2 LT & 5. A
X, Va— e AR LT 5 HikE EORRICONWT
W9 5.

3.1.1 UV a— b7 a2 LR

Fig. 51, PIVEHWT Y ¥ =) a— s 7at 2%l
b5 B 72ICBISE L7287 —1) a— N (Fig. 5 (a)” &
ZDGBILE D 72D (IR S N7 T R T 5 (Particle
Image Velocimetry; PIV) ¥ 25 2 DR M % (Fig. 5 (b)” 7R
LTwW5. Fig. 5 @) IIRI Ny F—1) a— b EEIZAT VL
A3 o7 L — F (Spreading blade), FEA{ (Base plate), #3
KEFG T AT A ETHE SN TS, EHoOWmE, )
I— M 7O AN OB KON EBET 720127 L F 2T
VI A (Flexible glass) THME L, WL 7L X TVh
FADBRE S 23— MOBEIRFELHS VI HIZLT
Wb, ATV LAHIT L= FEERDOF Yy v TEE (TL—

[ (©

High speed cameral

Fig. 5” (a) Schematic diagram of the powder recoating experimental apparatus and (b) the Particle Image Velocimetry (PTV) system for in-situ observation. (c)

Example of high-resolution image division into 1024 x 1024 pixels.
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FE &) o, 300 um (Z NI3EE#E D PBF-AM 7' 1 &
AZADAREIE SRS LT 5b) OFHEGR 2 F W TRIEL
Twa. BE 20g &, WFEMEHLCY)I— T L—F
DOHIZHE AL, GAFEKB X U PREP ¥ &K % A v» T 50 mm/s
DT L— Rk HETY) a— FEBREZIT-> T 5.

Ny F—1) a— NEBROZOLGEEL IR h
72k ¥ W {55 5Tl (Particle Image Velocimetry: PIV) ¥ A
T AEMAL TITo T2 (Fig.3b)7. PIVIE, W4 BIEH
HWN O FAR O B & 2N % R RIS FHE S % AT IR R FH0
HMio—MTh s, BE#E A A5 (Phantom T4040, Vision
Research Inc., USA) L HBORENITA F— KT AT 2% HW
T, YA uBAr—VTHRTOBHXZHETEXS. G5
MR L VXN T A MEFHLT, Ny y—1) a—
N7 U b ZAORMUNENE A 5 L7, FLERT B AR R
% 1024x1024 ¥ 7 VA2 EI L, W0 B & BN & 5 R
MAT Yy 7CTRtRT 272004 vy ur—varv 4K
%7 (Interrogation Window) Iz @R L7z, 22T, 4%
a7 —3 3 v 4 ¥ K% (Interrogation Window) L, PIV

IZBWT, AP OO & ZHHTT 572Dl E /NS
YTy MIGET AHBOZ ETHD (—F% Fig. 5 (c)
WRT)., 20T 4 Y FNTRTOBEZEBIRL, ®HENX
7 PVEEET LT, WA T v T TORTOEE L
P RtH T 52 LD REIC R 5. BHEFFT 70 A3y L—
varvuEMH LT, Koncertoll V7 k7 =7 (Seika Digital
Image Corp., Japan) Z#WVWCHKA vy ur—Ta w4 VK
v OMPEEERE L. KL vyar—Tarv4 YRy T
Bl &N/ —2 7= 2R LT, KT OEMERELK
EL7z. PIVIENTOFEMZ 7 v T) XA WTIX, B4
HR (1) IZFEI S S T B

(@)

Spreading direction

Velocity (mm/s)
0 10 20 30 40 50

L |
ﬁ 1:- Velocity (mm/s)

JATW A2 WA3) 0 10 20 30 40 50

Spreading direction

am——
v: 50mm/s

Em

Iy

F— FIENTIE, EEES A S TR SN EE & PIV IR
Wiz MAG DT, BROME L EM 2GS Lz 7
L—FOE &R a— MlER & OIS A HIE
5ZLT, BEMEOBWT =520 THIENTED. 2
DYAT ALY, HBROWEEE, Va—txh=X4n, oS
7y =Ny FOME %Y, PBF-AM 70t 2 2B 5 EER
EREFENCIGEST 5 2 LML 2 5.
312 PIVICE B2 a—F7Fut Rl
A O

Fig. 6”13, Fig. 31CRL7GAWMEKEZH W) a— 7
B 2D, EEEA X SWIE (AFy ST ay b)) & PV
WX BMESMETRLLZ D TH S, GAREREDI (OF
T F = A V) R A Ty TS UCHIER (Fig. 6 (a)
80ms), HrUr#EE (Fig. 6 (b) : 160 ms), 3 X O"FKui&k (Fig. 6
(¢) 1240 ms) D3 ODOFHIT/ITTHE L. TS DR
i, MRV TLU—=FIZLoTHLIEN, EVEETERL
THEY, BREPRETI1CoNT, BERPH#EL, 7L—F
DR Z T TN HTFRR SN S, Fig. 6 (d) IZa1HF (I
M X5 v 780 ms), Fig. 6 ()X y:# (160 ms), Fig. 6 ()
R (240 ms) TO PIV fFHTIC & 2 g 54 &2 /R LT
%. Fig. 6 () NIZdH B EBDKENI/IST 5 — 34 Juh o EE
PP T L HMERLTBY, N F—=RXL VD EENS T
JBIZ7 D12 O N THROBEIIRES 2 2 £ 0 5. i
(A1 IS« EORBESEIR) 13, BEARDEVERE R LTE
D, RF2IEE A EBNTWRVD, IERWIEETEH VT
52 ERT. ik (A2 SIS R R GEIE) (kP R o
AR LTS, BARR AN 2 S CHlwTwb 2 &
oy, AR (A3 I BB OFUIEEE S R D
BOWHIHZRLTBY, BRET2IEFISE VTS S

BT 2 By A i Bl F 55

g
S o
=
&=
~ =
'xi-n
n
%’8

Velocity (mm/s)
UG = 0 10 20 30 40 S0
"

Fig. 67 High-speed camera images of GA powder during the recoating process at different time steps: (a) 80 ms, (b) 160 ms, and (c) 240 ms. Velocity
distributions calculated by PIV analysis at different time steps: (d) 80 ms, (e) 160 ms, and (f) 240 ms. (Blue arrows indicate the direction of velocity

reduction in the powder pile).
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ERRLTWA, T2, ZHRICIEHEERA T =V LTH

D, BEOHHPBTRESN TS, Bz, Fig.6 () D
A — I TIE, FHIZ0-10 mm/s, #EE1E 20-30 mm/s, FRL
1% 40-50 mm/s O HEHPIZ R LTV 5.

X =34 W ORER (Fig. 6 (d) : B A 7 v 7 80 ms)
R a— MR T, R OMESMEL, FH ik
BDFEIEDILD - TWD Z ED005h. RHEEHE (Al &
LTREND) DRI CHERRS N, Wl Edg (A22 LT
REND) DHFEHRTEHRES NS, XY 5 =81 b Ohgeig
(Fig. 6 (¢) : BE[HI A 7 v 7160 ms) TiE, BEIILDY,
JEASEINL T, ke L REBOFIDILD > TV D, ZhUZk
0, KFR7L—=FIHLMENS Z & Th#E SN D ERFH3
bhb, TU—FNILo TG ENER A LEF —D720D
W EESCREMEE (A3 LOURESNG) BB EI N,
NG F =LA VOE SR THIZONTRFHEEIZA2E
FALIZIBHE L TWD, 75— 34 VO RuEEE (Fig. 6
®: R AT v 7240ms) TlE, A D& HITHEA, KL
TOREIHEL Y, EHTRED A3 FHIRAIROIEND,
B s NZEE (F9300 pm) 12> T A2 SHIEABIZE S NS
DB, IS KD, KT SRHIPHIC 7z o TR
THWTWAZ EWGh 5. TOREIE, FTHNOE L A
IV F —EAEIE X D ARV 300 pm 5 S TR L
T, FICTA2HBUZ BV TR T 1 & OO HAEH
WU CEB T AN =2 THIEER LTV 5.

PDlkokHiz, shsotnfil, N7 5—r34 1Dy
I— b 7a b AR HEEDOELE BDOEILIC X 5 THET
CEDREE R Y, TOMRGro7zZ &L, 7L — FHIM
SIS B8 =34 )V (A3FHIR) 137 L — FOBB)®
B (ZOAIZS0mm/s) LR UEETRBEILTWS LWV

0
0
0
0
0
o
0
0
0
0
0
0
]
0

=]
o<

ZETHH DFY, TL—FICEELLEERTEZL L
ASFHIOBKITT L — FITH L TEEf W TWARWnwZ & %2 E
RLTWA., ZoZehb, 7TL—FIZko THRMICHL
HENTnb70EdEZOLN52S, [ UHETE BB E

LT, A3SHHIOBRIZIE, FRMIT S 2 O E A5 T) R
NP TR REEDEZ O D, L 0N KB O
MAHABILL, —~REhoTHZL2PhITndLdER
bNG. ZORMESILICHAETASI LT, Ik szEs
NHWREEEYD 5.

313 PIVICE 22— F7ut RI2BIT 2B ERHOBEK
WY VoA

Fig. 7”13, Fig. 6 T/RL7=GAW KDY a—F 7Fuat |2
B BREHEA T v 7 T L OB RN T ORES A & RER 7 T
WELTRLZEDDTH A, KH (=) IWERT-OHENR
7 MVERL, BEORXIFBTELTWS (LHOEE
WZIEFS L Tw e,

Fig. 7 (a) 1% 80 ms TOMFKFL - HERZ PV ERL, A
TR T AMEF T RS L, KETIET v 5 L2504 L
TWwh., ALFITI, T2 7L — Fo#Thme o x
F AN LT A, Fig. 7 (b) 1E 160 ms T DR T- 3R FEN 2
FIVEIRL, HeEBod b #5CldR 25 g T x 7 Iy
L, A2HIR TR T OBESAAA 4 XA BRIREZRL TV
%. Fig. 7 (c) 13240 ms TORLF#HENRY MV ERL, AlGH
BTG x IS L, A2 S CidizREs L S 5.

Fig. 7 (d) #* & (f) IX Fast Lagrangian Approach (% #® 75
YV aE) P BHCEBEGORFEENY PLERLTY
b, BT 7 I vV adit, KTOBE % R L
MEALT B2HAICHCONG. KT B O 720 OFHE B
ThY, FICHARORNEIIET 572DICHOGN 5.

Fig. 7” Particle velocity vectors of the GA powder pile obtained by PIV analysis at different time steps: (a) 80 ms, (b) 160 ms, and (c) 240 ms. Particle
velocity vectors corrected using the fast Lagrangian method at different time steps: (d) 80 ms, (e) 160 ms, and (f) 240 ms.
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HR)Z

Fig. 7 (d) (238 J5 S L2k T o8 & #8 L, Fig. 7 (e)
I EERO S A AW a2 R L, Fig. 7 (D L oN T
(A3 #3) 23x F I (Alignment) L, HfHEE (A2
) ASEEEIKEE (Rotating), T #F (A1FHIR) A HERE IR E
(Deposition) Z/RLTW5. ZDOLHIZ, X7 F—=IXf )LD
WENENR=Z2 T L= b5 7L —FEE 300um) LLEIZ
LB T B8 =34 VOGN (A3 ) OMERDIZEA
EATL— FERUBE (ZoBA1E50mm/s) & HIIcE
FILBEI L TW5 2 &SRS - 72,

INODORRPS, BRI TOWE A S = X AELTO L
I EN S, Al $HIE : HEAE (Deposition), A2 4H¥E : [A]
% (Rotating), A3 fHIK : %% (Alignment) 1258 SN 5
ZHIZED, Va—hFat2h o KOBREZ FEHNI PRE
THIENTESD.

FES TS5V aEEHWAEZ LT, RTOMEMNE R
A, BIREFMICETMVETE S, ZoFEICE), RO

TEENRREDS X 0 IR IR S NS, Fig T OGHTRERIE, Y
I— 7 at ZADERMEERBARROGE R FICERE RN E
BT 5. Fig. 713, GAMEKDY) a— 7ok Ahok T
TR RFMIRLTBY, PIVBITE BT 750 Yok
HMABRDLEL I LT, BELMA N ALDPFELTVS
CENHLNI T,

3.1.4 GABRE PREP RO a— F7at 2I2BIF HHK

TEEIHENE O LR RAT

Fig. 813, GA¥yRE PREPHRD Y 2— F 7L AIZBIT
LZMRBEEEOENERL TS, FEM AT v 7 (05,
25ms, 50ms) CORERMERET 7T v V2t HWT
BIES N HENZ MV ERIELTW 5,

Fig. 8 (a) & Fig. 6 (2) 12 0s TOMEHA 2R LTS, GA
Wk (Fig. 8 (2) 1&#HH 12y - THH| (Alignment) L, 7
L—FEESX) @R =3 U EHE (A3 #HIK)
TdH%. PREP A (Fig. 8 () E#H TS| (Alignment)

4. i o= 4

Velocity (mm/s)
0 10 20 30 40 S0

x L |.'.-
,."'V 5

4l oo
—

- Velocity (mm/s)
0 10 20 30 40 SO

E

Fig. 8” Snapshots of velocity distributions of GA powder and PREP powder at different time steps. (a)-(f) show snapshots of GA powder. (g)-(1) show
snapshots of PREP powder: (a) and (g) 0 s, (b) and (h) 25 ms, (c¢) and (i) 50 ms. Velocity vectors obtained using the fast Lagrangian method for GA
powder and PREP powder at different time steps: (d) and (j) 0 s, (e) and (k) 25 ms, (f) and (1) 50 ms.
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LTWwa7s, HEEIXPRETHS. Fig 8 (b) & Fig. 8 (h) 1
25ms TOMESA 2R L TWAH. GAKRK (Fig.8 (b)) 1
TR CHA] (Alignment) L CW 5%, PREPAS K (Fig. 8
(h)) 1EZHHEEETIAAS > T, Fig. 8 (c) & Fig. 8 (i) & 50 ms
TORESAZRLTEY, GAMK (Fig.8 (c) F 7L —

RS &) TR CIREEOHER (Deposition) 23 &5 28,
PREP #35K (Fig. 8 (i) (&R _E i & T 231 TR A
BRI LT 5.

Fig. 8 (d) & Fig. 8 (j) iZ 0's T ® Fast Lagrangian 3 % H \» 72
BIEHOR T HENZ MIVERLTWSD. GAK K (Fig. 8
(d) FEICxHOIZES] (Alignment) L, BHEETH 5.
PREP K (Fig. 8 (j)) (KL F-3EJEN 27 bV HS A& PRI 204
LCw5b. Fig 8 (e) & Fig. 8 (k) % 25 ms TOEIEH DR -3
FEXRZ PVERLTWS., GARFE (Fig. 8 (¢) I IEHET
#5) (Alignment) LT TH Y, PREPIK (Fig. 6 (k) &
i EECllfn (Rotating) L, HHE F I 2R F0BlgEsh 5.
Fig. 8 (f) & Fig. 8 (1) 1Z 50 ms TOMBIEHE DR T #HENRZ ML
ZRLTEY, 25ms OF & AOREIFEMEZ /R L TW5b.

GA MR IE, 5] (Alignment) FHIK (A3 FHI) A3 #E
TILASY, #Hi LEBIC 7S b— (Plateau) IROKLT-BLE A
LMD, RWTEEICx FIICEIL, BEIFRVLOES
LCE {fImAsdh 5. HifE (Deposition) R (Al 4HIE) T
&, HELMET L, FIC-x HIICEST 5. —7, PREPH
Kigh#f g Clhldx (Rotating) L7&2SHIAAYY), #Hi LA
STRBIZHA» > THHMET T 2R T2EE SN L. HRKT
X9 v A L CEY S @ IH D, HEiRE (Deposition)
BHIK (Al FHIK) THILA VBT 5.

VLEo X912, Fig. 8713, GA¥K L PREPH KD ) a—
b 7O AR OREEEOENEHEIRLTWA. GAK
KIZEEF (Alignment) & EHEDFEHTH Y, PREPFyAKIZN
i (Rotating) &RV L7-k T RBEFEHTH L. 0@
&, R OW B REE R R EARE, RIS RERRLE I O E
XRMEITEELTWS. GABKRDOEWCELEZE & Bt
UL, WFHOBMOBEZIH L, BOHELKD 254
BRDHER, KT RE RS> TEILR TSRS, —
PREP # K O # W B AL Bz I & A LEIE P, kTR o Bk
B a L3, RFaMll 4 12y LCEI< 2 & 2HEIC
T5.

NSO, Va— b TFatR0R#ELR /ST & —
Ny FOMERLICBWTEETH S, BEMIZIE, BED
TETER ) LSR5 7010, BAROKMALTERLERALE KO
SEMETDLIENANTHAI EDPREIND. T2, B
KOBRENZHMT 52 & T, BRI BEEZD
X, W=y —xy FOREEMET L ENTE S,

INHOE % S HITFHMICIRET A2 & T, Ya— T
L 2 ORE N LR G E OREICHFG TR hFikE
P53 2 HEE DD 5.
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32 GAMYKEPREPH KD ) a2 — MNEB—/ 7 F—~Xy F

DY L
321 )V a—bMEBROHNENNY Y =Ry FOEETa 77
.2

WIZ, TNODOHRILEEMEDENHINT F =Xy FO
WMEICED L) REBE L2 20 RNEREY RS,
Fig. 9”13, GAB K L PREPH K% /2 ) a— F FEEIC
Yo TR EININNY F—Xy KORXF v T ay bERn
FTAHEBETO T A NERLTWAS, ZRIZED, &K
ORI E Ny =Ry FOMEMZERL, ) a— b
T ZORFEEH ST B, Fig. 9 (a) & Fig. 9 (b) i3,
ZNZNGAR KL PREPHEE 72y a— FEERIZE -
THREEINTNRNT T =Ry FOAXF vy Tay beRLT
W5, Fig.9 (c) & Fig. 9 () iZFI T 5787 %=Xy FO &
& (EHE) 7u77 4 VERLTED, GAFEK (Fig. 9 (c)
TIHESPARBANEB L, N—Z2A 7L — MREAHEHL
TW5, T2bbBRERPEIN TV AR WIS — 24
5. ZOHOEEGHE (Sa) 12223umTH5b. —H,
PREP ¥k (Fig. 9 (d)) Tl /Sy ¥ —Xy FOE X |3 —T
HY, EEIHEDI AN TR WHEBIZ RS- 59, %
MALS (Sa) 1318.1um & GAKYKR L DIRWETH %.

322 X ¥ =Ry FOFREERE, AURREE & T3 E O

PREP AR D8 =Xy FOFLHEEEIZ485% TH D,
GABYERDINT =Ny FD438% X ) vy, 2 0Ew
1%, PREP K} RO A H W T & 2R TG AV B ©F7
b, H—Tk BRI TH L EICRRLTWAS. £
72, GABERDIS =Ry FTIEESORNEANRLED & &
WRIEH S BRI, BROHERE I —TIEmvoloxt
L, PREPHI KD/ =Ry FTIIY—74m S LH & Kn
KM S pBE s, BB EIER? IO TwD 2 &8
RENTWVWAS,

"~ Height (um)
=5 Yo 100 200 300

Fig. 9” Snapshots of the powder bed surface after the recoating experiment
using the powder recoating experimental apparatus shown in
Figure 5: (a) GA powder, (b) PREP powder. Corresponding height
profiles: (c) GA powder, (d) PREP powder.
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323 ¥y v FHEBTORF#EL Y ¥ —Xy FOWE

T 512, Fig 8OHKH L —3$ % X 912, PREPH KX
Fy v THEMCTOEESCGAMEL Y L, HHETT
RT3 =Xy FONEIE 2 B BEPHR I NI
CORRIZ, ¥y v THEEE EE L7 % D PREP By K OK T
DROBEBIH T AN F =Dz, Ry F—xXy KO
MK EREEE L5202 R LTS, BIRIIC
1&, PREP By RITH VEETH— IR s N 20, RTH
WOPICHERE L, RRE LTH—CTHEHR Y5 —Ry N %
BT 5. —J, GABERTIE, RTOEEINMENDL DD,
BeisROELR LB/ L D, NMTFHOWHZREIS FHBAEL
9L, AR SEHPLHWRIM S 2ET 5.

324 MRBIEA DAL DR E )7 57—y FIEA~D
et

Fig. 913, GA¥y K & PREP# KO M 70t A2 BT 5
MRBAE & HERE OB Z IR L THB Y, PREPHERIZY
—REIEH LB CRMBEEZ L, GANEKIIAHN LR
EEFHEMOEHEBEZR LTS, ZRIZED, BERD
Fx v THBAOMAE X I = X LD8T =Xy FOFEIZ
L2 B iR Eng. BIRIIZIE, PREP B KD JihokL
T EED T, BT IR TR TH 5720, H—
TR F—Xy FERETHLIENTEL. —7,
GA B R I BARIE I ELIE OH F B O 22058 < AL, AH
Hil 2 8 SEFR R S ST 5720, N5 =Xy FO
MEMMET T 5.

P EDRERL D, BB ROERS X OO BIEHTN
EERTH) ZLICEY, SR ROBEAEMEE) % R$ &l
AL BEDIEBURL 7 & F v 8y & ¥ AR Ol iETh
B, ZOWHTE F ¥RV Y VAR ORTE SN IHE
B o, BMEOREEB XY 5 —xXy FOY a— |
PEZ ST 2720 DIREE 2 D15 5.

4 BAREWREILEIRE O 8T & By & e Tk

— I FNOTREADTR
PBF-EBM (Powder Bed Fusion - Electron Beam Melting) T
X, =Ry FOBEM 7T ZDRIZ/ST 5=y FD
FHMEEZITS. i, BFE—2 (EB) A IR T
WY F =Ry FICHET 2 &, BroRANARLS 2 TR
L THRICEVE2Y (Zhz [RE—7] LIFATHY
%), N ¥ =Xy FPHRLTIEELRERITE LS
72OTHDBH. TOAE—IFEORRE, SEBRN T O
TR LRz (Shell) OEAMMEHHHEAKTH D, F ¥
Ry AL LTEBIRGHC X 2B 2 ER T 54%, B
Wl 2 AR L7l 4« O KK ZOHELR BN 7 —o»
RODFEIZE T, BRIRBTZHLTHS. BkEE
WICRFET 2 2 E TERAIBIPE T L, Fv /805 2 A99H
L5720, BRTIIETE—2 2B LTHAE—7 25
BT, BMEREZBMT LI LML b, Zhas, PBF-
EBM D7 HYATIEINT ¥ =Ry FOFHUPLTLEL S
NZHHTH 5.

m

W

UL, REMRALEIEE (Shell) % #5410 12 &
BRXELIET, N F—xRy FZBEWZ2ER/ LR 257
O, FALZL THRAE—PRAESTHEMT L2 &0
RelZZ2 2. AE— 27 O, BROFEHBALE RO
EHAPRECITIERELRL TV (RE— 7 EZEITHL &
%), ZOBRIIMERoOmEEICRETHY, L2k
AN, FMFAL DK X W28t 2 AT A8 RIE EiE
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Fig. 10 Changes in the DC electrical resistivity of virgin and ball-milled
(10, 30, and 60 minutes) Inconel 718 PA powder during heating
(—) and cooling («) between room temperature (23°C) and
800°C.
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Fig. 11°  Nyquist (Cole-Cole) plots of the AC impedance of Inconel 718
PA powder. (a) At room temperature (RT), 50°C, 100°C, and
200°C. (b) From 300°C to 800°C at 100°C intervals.
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Fig. 12° Nyquist plots of ball-milled Inconel 718 PA powder measured by AC impedance method at room temperature (23°C) and 50, 100, 200, 300, 400, and

800°C: ball-milling time (a) 10 minutes; (b) 30 minutes; (c) 60 minutes.
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Fig. 13" Optical 3D imaging representing particle surface topography
of (a) GA, (b) PA, and (c) PREP Inconel 718 powders. Atomic
Force Microscopy (AFM) imaging showing representative
particle surface profiles at the nanoscale for (d) GA, (e) PA,
and (f) PREP powders. (g) Quantitative data of particle surface
roughness (area roughness: Sa, arithmetic mean roughness)
obtained from multiple AFM measurements.
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