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Abstract: Three types of self-made 17-4PH metal/polymer composite filaments were developed,
which were polylactic acid (PLLA) single-component, PLA/styrene (SEBS) bi-component and PLA/
high-density polyethylene(HDPE) /ethylene vinyl acetate(EVA) three-component composite filament.
The ordinary fused filament fabrication (FFF) machine was then used to build green parts, and the
feasibility of one-step thermal debinding/sintering was studied using a box sintering furnace. The
formability of the self-made composite filaments was further explored. Finally, MFFF sintered parts
were formed with Ultrafuse 17-4PH composite filament through the shaping-debinding-sintering
(SDS) processes. The density, shrinkage and static mechanics properties were studied. Results indi-
cate that the one-step thermal debinding/sintering process is prone to generate defects such as oxida-
tion and non-shrinkage in the samples, while the samples processed with two-step debinding(i.e. cata-
lytic debinding and thermal debinding) and then sintering have a good forming quality. The average
density of Ultrafuse 17-4PH sintered parts is as 7.2 g/cm?, and the shrinkage in X, Y and Z direction
are as 15%, 18% and 20% separately. The maximum tensile strength and bending strength may reach
600 MPa and 1200 MPa, respectively. The hardness is about 230 HV.

Key words: metal fused filament fabrication (MFFF); additive manufacturing; green part sha-

ping; debinding; sintering; mechanics property

W B 812023 - 08 - 17 0 5%
ERWE WK [ AR IS (51705068) 5 o st 5K 3 A B AL 4 JE I 22 WU (metal fused filament fabrica-
% P 4 (N2303019) tion, MFFF) J& DL 4 J& / R & W 5 & 22 b1 O S5Ok S

+ 593 -



I E ML TR 2 36 & 2 3 ) 2025 45 3 H

i Az R BB IR ke 45 T 2 (shaping-
debinding-sintering, SDS) 3 15 2 % 1k ok 3 B %%
e 4 J 1l ity B AR BAS 4 Jm S A i HR . 5 A
4 JE B b ) HOR AR L, MFFF B 3 & RN
/N AR AR R L TR R
TREFE 2. % T OB R 2R B AT
DL 5E AT AR 4 8 A1 RE 8 O i 38 5 R JC 5 75 1 Bl
IR IR (4 T Ry AR M LA A% ] 45 )
TEAARTE L 25 WL K I B A A6 e R iy TG
#eo P MFFF £R 52 SOk B2 195G

SRR/ REY RGN LG 228 & MFFF
R R b i B S R R G40 3 B
HRB . F B AR R R TE 2 M Rlb R H
AR U S P U TR B L 58 R B A
0 IE 5 B SR 0 DU 2 AR AR S IR R F E R
RS A M R 2 AR R R R R A 4
MR—E R RGO, B A mE R/
REYE A 2B 7 fh s L BASF 23w 4 7 11
Ultrafuse 17-4PH, Ultrafuse 3161 & & 2 ¥ (E
M LB/ S FME 259D DL K Markforged 2 &) 4 7%
) Markforged 17-4PH & & 2 M %5 8 22 &
HEM R TEE2M, G T T4 A )
W G bl # Jr ikt ScEk[10-14 ] 0 A
Fphic sk H 2 HAR RS R B T R Z 2 RE .

APRIE MFFF T2 i, SR Bl A £ 22 4
v B RO R 8 Y. GONZALEZ-
GUTIERREZS W H T A T 0F 4 9 & & 22 41
WFIE T A R RE B BUE 2618 S5 R R W, & R R
PR G 2 BRI O Th i RO 2 A
BEE 5 Y 0 ROIRBE L RUE BB B A 0 ) R
260 °C .80 mm/s & 200 % B}, 3 FE (1) BT B & i
flt. GODEC &M BESE T i 2 5 % O Bl iR L 5%
AR RO TR 50D X A R R AL BE B 52 R L 245 2R 3
B, B v 0 MR L B L AR A R IR T A A
P R E & . THOMPSON 28070 fi F H il 19
S 2B OB AR A 45 R R L SR AR IR B
Floh 270~290 C,

A B BUE LG /5 AT AR T2 A B
SADAF % i o — 4 5y B 65 70 2 B 226 Ry i
BHR g AR R IR HoR TR AR 7 X 22 BR &
B WS R B PUBE AT L 5E 4 BREE A ) L i
FETCTAL,  TT 2L A5 B B L 4 TR A R UKL 22 1] S 3 T
FUE A RGNS o AR v T R RS G DA
B 1 5 700 53 i 45 O aok PR g B AR F 2, 3
BRLO, 11-12 ] DAFAIA P 3 M 0 | 7 5 45 A i 1 2
BINRGI G 22 b IRk 58 AR SRR 1 A

594 -

SR G R W25 B G )/ IR BRI 5 W
W AR UE T R R 8 B B BE AN 23 7 A AR
W R R, S M, SCER[19-21 ] b fi Y
BASF % Ultrafuse £Z#F 58 8 T A= 3180 19 BOE
SR PR AR I B 25 B 0 0K v i 5 F TR 741 48 85 Big
HRERFERWE AR 0., 252 EZY, LB
T5 BB IR AP AR R 45 A & 7= A 2808 K JF
ZLBRBE R ROCR

FAF R RG 58 U5 - 4B AR Z [H] se i 1AL
T LT B4 ME R AT BUR AL . 2 FH A%
W BRI A SR BEAT B 45, AT F AR IR 5 97 0 L)
@

AN A MEFF il & 19 g 22 P RE 7 T 2 A 7
BT A OB gt g IR K OF
BESENR RN S5 8= - = Wyl G S E VA RN
5 B FR IR

g5 LR BE X 4 e 0 22 OB 3G M s R
WAEMHR FELETELGAMNTF L IBES
By Pl SRR 5 AL v RE Y AR 25 5 T, 107 X be
S5 il R RS B AP RE S BRI DL R B 2
2057 AR/ Be 2t T 28 o B A 5 ) A5 T A ST AN
SEAT VS S, FEXTIE, ARSI R T SRR R A 17-
APH &R/ RE& W & 220, F 58 A 8] 1 % & 5
RGNS 22 6F @ PR S 5 58 L T = Fh 22 bF AR R
PFR I AR =R B G R R 6 22 M 1 OB
Sk LA, L Ultrafuse 17-4PH & & 224 R
BEBUE AR J5 ) (RSP 8 5 R & 7K SF 5 1)) /Y
RS g 2 1 B A B R L SR 2D B AR (iR B
JEFREIE D SR 5 B 45 0 J5 AR A5 Al 4 e iR T
Xof B e M 5 E NS4 56O N5 5 W 25 ) 24k
AE ChL A PR RE L 25l Pk B AN AE ) 4T T 0F5E

1 AR

1.1 #

ACHEWR T =MOAFERS ARG 17
APH NN AR BRIEF M A/ REWEE
22 HhE 43 ) 2 B FLR (polylactic acid, PLA) M4
43y JPLA/Z £ (styrene ethylene butylene sty-
rene, SEBS) i 4H 43 UL M PLA/ B R E R LK
(high density polyethylene, HDPE)/Z, % — i fig
2 K5l Cethylene-vinyl acetate, EVA) = 4 43 %k
BN . O S o3 A 17-APH # AR
i 00 25 A 1 TR kAR EE A A 7E 10~ 60
pm Z ], Je KARE A B2 30 pem UKL, i %
2z R R B R R RS RS E A
LA HLONHI-1L) IAIFBERE 3 b RLGRIER B 5T



17-APH A8 A4 84 B0 2 J8 I8 22 W2 B JHC A i 7 24 RE AT 50

LA FTHE FEL %

DR A BRI A E =R DS A
FLAL (BP-180) AR R B ARTE 5 mm LUN 1Y 41/
K5 SR I BRI AT 55 1 AL (Wellzoom) H4 UK 1)
B E AR 1,75 mm [0 2281, I 2ok 2% 22 HLAY
o A 3hESe e E ik .

251 Ka
B 1100

< a20f N
~ ~
<

< 3
= A3
.50 =y

§10- / &
fm

[ =
g 5 =

0 10 2.0 30 4.0 50 6IO 70 8‘0 0
BRHEZ d/pm
B 1 17-4PH $REIHE 5%
Fig.1 Particle size distribution of 17-4PH powder
AN AR L Ultrafuse 17-4PH & & 244
N EREHEAT MEFFE $ e R ) 25 K 0~ 1k
AERITF 5T, Ultrafuse 17-4PH J&— 3R HF B AL 55
BRI G L2 B Jm B AR B IR B i 4000, BR
R EESL  F G0 R Gl A 5 A2 7 (B DI 20
IrIE DR Y
1.2 &EMF
W 52 22 B8 P AR SRR B T AT 1 L AR

SCAE P R R FRF 3 & AT iR 09 1 45, L5
438 FLSUN QQ(BE & B2 ¥ AL A1 Ender-3
S1 Pro(Fe & BB AL WA 2 Fiaw .

(a)FLSUN QQ &4 (b)Ender-3 S1 Pro ##
B 2 FFFig&
Fig.2 FFF machine

XTS5 A 2 AT AN R ST 5 AR
WEASCCRE I SO o H1 R O TE O Al AT M e T
% T BASF ) Ultrafuse 17-4PH & & 2%,
I bRz A 25 i BB AR an SR 1 TR L E
KRR veat, RRBUE S S5k 2
Bz o 25 &R AN 6] J7 1] AC 46 28 1 4% ) 5 L 3R
TE X RY 71 RFCR 119 % . Z J5 1 Rk
125% . WeAb o T o3 B ds I S P RE 1 45 1] S 1
FE L A TS R ROE J7 1) 3 BIKCE
R A & 7K = I 5 ) i 1RE (3D

®1 BENFHEREEERERS

Tab.1 The physical model and dimensions of the samples for static mechanical property test
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Fig.3 The samples for static mechanical property test
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processed with different forming direction
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Tab.3 Comparison between the density results of this
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Fig.14 Tensile stress-strain curves of sintered parts

formed with Ultrafuse 17-4PH composite filament
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Fig.15 The surface magnification images of green

part and sintered part
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Fig.16 Fracture morphology of tensile test samples
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Fig.17 Schematic graph of tensile direction and
forming direction
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Tab.4 Comparison between the tensile strength results

of this study and those of references
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Fig.18 Bending stress-strain curves of sintered parts
formed with Ultrafuse 17-4PH composite filament
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Tab.5 Comparison between the bending strength results

of this study and those of references

YE# Ok o il 5 ) / MPa
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Fig.19 Schematic graph of bending direction and

forming direction
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Morphology of Vickers hardness test samples
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Tab.6 Vickers hardness measurements of sintered

parts formed with Ultrafuse 17-4PH composite filament
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Tab.7 Comparison between the hardness results of this

study and those of references
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