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BT R (TEM) KO R X AT 95 fEFE (SADP)
RAEWIE 1 Fin: TiCIW 90K 5 A 8 R il 4 & RAE W
Hk[22]
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M ENL RS . WOLRIE SRR Ar &9, Ar HS
J£71 3 kPa, WERGWN O, % &ALT 10 mg/L. SLM
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RO e KRG, FIH G RRBOG IR A & FE A/
Bk 2, B E B E CAD BRI — AN .
SLM LZZHaT: BOLLI% P=160 W, HfERE v
43379 0.3, 0.2, 0.075, 0.05 m/s, N IHOGLL RS &
BB 4 0.55, 0.8, 2.1, 3.2 kd/m; F#EFE 50 pm,
BRI RE 25 pm; 4] RO SE 8 mms>8 mm>8 mm 1)
o N Lo

SLM JJE R A BUE FERI A Archimedes [ 281
5. FIF Bruker D8 Advance B X S ZEfiT 5 X (X-ray
diffractometer, XRD) #EAT#I4H43#r, Cu Ka fi7hf

(4=0.154 059 8 nm) , Hi[k 40 kV, HLji 40 mA, X
FHIE B 0 77 3K 4% R G AR ] 28 bR X SLM B
(R R AL TR AT 4T B B, SR A XIP-300 Y04
fEE (OM) M52 H 4 AH WA 23 o >R J ki 7% HF (10
mL) , HNO; (30 mL) , H,0 (70 mL) &R 4
MURKE, JERES A 15 s. FIF HITACHI S-4800 73
R B (FE-SEM) M Z2 30 FE A A5 T S5 A 41 21,

K1 TiC/w gk E &R K
Fig.1  TiC/W nanocomposites powder for SLM: (a) SEM
characterization and (b) TEM and SADP micrographs
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Fig.2 Standard W peak and XRD spectra of SLM-processed
parts at different laser linear energy densities with
different scan rates: (a) 49min and (b) 19min
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FRIEAR A B A TR L A7 7E B B R A LB, FLBR R~ Y
7910~80 pm, FEEARNIEZIR (El3a); HEH, SLMEK
TR 2 FE AU E IR % FE11188.6% (FE4). P& LLRE R
B BEn¥E %20.8 kd/m, SLMBJE AR BU% 215 3 — e FE
s, AL E90.3% (E4); RIFFLER R [F
I, FRARALBR R /N, RSFVE E5~40 pm (E[3b).
28 B B p 4k S0 22 2.1 kI/mitE, SLM B A48 1 422
4 EE (E3c), W EU% I 2294.7% (El4). iy
itk — 3D 36 22.3.2 KI/m, A A T HE B 1 R
gL (E3d); AT B B PG 2 218 2 5 11990.8% (4D .
SLM i H AR RGP 5 IR P TR 6 R AT o 24,
16 m

T 15\ kT @
X, mAEFFE, keNBoltzmanni £, THIEEE, y
AR IR TSR 77« TEARXT BRI R = 2 BEnEH T
HH T4 2 IR AL R0 e OIS, e R R PR IR T
6, W v R IBORE FRORG B it s TEIR, T SLMSOE
AR, WO A EE AR, ATLLIAF10% Kis, EX
AR R LA R, demir=tE 7R E IR R FLBR,
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Fig.3 OM images showing microstructures on cross-sections of
SLM-processed parts at different laser linear energy
densities: (a) #=0.55 kJ/m, (b) #=0.8 kJ/m, (c) »=2.1
kJ/m, and (d) #=3.2 kJ/m
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Fig.4 Relative densities of SLM-processed parts at different

laser linear energy densities
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JeReE R, E B B RS RRE T, Hok
T VRARRGBE o (AR 2D, #5350 A i i #4 5 1
K, FIREEIN 7SR A TR E . Ak, SLM BB
FEr, V- ] AR 7 A B A4, IR 32 d(AL/Lo)/dt
_f?%ﬂ?jﬂ[%]:
d(AL/LO) _ AP& (3)
dt Dg 1
X, APRWAHENE J1, DeNmmbiEAR, SN
RE. &5 AQMEB), BRI EHT, HERn




= 1020 -

WA & RMES TR

44 3%

BEEAIG, - ] e 7 11 ol [ S i e 3 O, 77 A R AL g 7
WO PR R ] AR PR AN SRR, AT AR SR IF AR B T
B, SR AT OB R R AR AL, PRI
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F15 9 SLIM I X 4 A 48K T i 78 ) Y ik 40 23 B 3
JeLk it R BB . TE LR RS I (0.55
ka/m) B, SLM BRI A P 3 5] 25 2047 7 B S FR B
SRR HOR B [ 20 21, N0 R R BE SRS A U AR
K (5a). MLk HE 8% i %0.8 kI/mitt, SLMJ&JE
TR 4 [ 20 23R B B R AR S A A, (AR
IIAAYIE], PR EAZN0.74 pm (E5h). 4
2 e B Ak S 452.1 KI/miNE, AR AR K A4 A 1
5], P EAZIN0T3 um (E5c). Hpit—H 3.2
ka/mist, BEE H U R IR, EFIR SR T
BB KK, P EAHEEKE0.87 pm (E5d).

I FH A% Gk K 1R 4 e 45 v 1) 4% 1 WS R} I fl 41 21
NSRS EE, FOPE SRR SRR RS 2T,
AT 5T H SLM Y YW L A 4 R B T 2H 2358 I B
BEAER B RS K E NS~ um, HAEN
0.74~0.89 pm. HI T & ki &K KO F2 32 BEAK EE i L #5
T i P2 A o] 28 X T B R LR . BT R
B 28], e IR B R AT B R R, T AR &
v, AT SRR AR K BAEARRIM R EE T,
aobL I R A KT AN . AESLMR IR R, mRE
WO SN R AR TR 1 P 8 e ek P AR v, T 475 vt ] AL £
R AR P A, 33 T A5 A it o0 AR 5 R K ) UL

Bl5 AEWOLLREEZE T SLM BB R 1 & i B 41

Fig.5 High-magnification FE-SEM images of SLM-processed
parts at different laser scan rates and laser linear energy
densities: (a) #=0.55 kJ/m, (b) #=0.8 kd/m, (c) n=2.1 kJ/m,
and (d) #=3.2 kJ/m
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AR FERUIK . REEER m, WROARVR B R A, AR 5 HE DA
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RIS [A] N IR WSO TE 2 e B, ARV BN ME R 58, AR & AR
KR PRI G A5 it rb R 8 IR R R R FE R4k
SR BERRBE AR T AR TR IR RS, RIS AT
MarangoniX} i ; 1 Marangoni X} 3t 7 51 2 7 AH 6 40
77, bR T O R B A R A, AR
MRS (E5e). T MLk RE R % pid mly, ¥
S I R ORI P v, R R B, S A
WK ERMEZE K (E5dD.

571, SLM O i A 1)k ] 25 238 I AR
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KA “EEK KT, AT W 3%
PR E A PR, T PRI I 3 A R P R R .
AR AR 5 R FEBR FE 7 IRl ) 5 i AR KA e b,
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H ) 5 98 B s FE 7 1 A 22 3 K ) s R A R Uk b, i
MR IE A K . B TR0 3 25 H WS e B AT
H LR T A 25 B A& 34N <100> 77 [, 38 5 S 283 %
(10 A2 A T T K A 5 ] T 190 3 3 R 7 1) e AR A
(1) —A><100>HX 7] o & M7 J— AR 22 L a] [hkI] B i 2R

u

o B | R TR 9 O 4 S (v | 1 56
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u uuu, I uu

v, z‘vhk,‘-nz‘vhk,‘cos@ (4)

A, @ Sk S ATV O HESEE B AR A K 7
IR A o R, SLM O B W RS A b Rkid #E
FEARAL L ESHON B H R DU IR S A KL .
2.4 BWEE
Bl 6 Fros AN [ 2 e % B p /E FH R SLM UK
A AR T SRR R AR AR O . IR, AE g AL
K[ 0.55 kdim 2614, K SLM AR 14 & FLIR
(FE 3a), BUHEERM (B4, B rEm-F5 85
T 5 (HV ) MK, N 6985 MPa. 24 7 #4114 0.8 ki/m
B, PR AL 26 BRI, % i A~ 25 S A B B2 (H Vo 2)
W2 7216 MPa. H A RE R H T n 421G & 2.1 kI/m 1,
BT+ SLM BB R EE 28 (F 4, HRE4EK
oA #5) (B 500, P34 B0 B (HV, ) 3% il & 8062
MPa. T4 5 #t—B% 3.2 kIm i, T BB R
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FEAEIT M B e (I 5d), R0 T 2 AR
(HVo2)BF % 7789 MPa. L& W %1, SLM iE W 3EE
B MR R AU FE (H V0 2) 35 2] 7000~8000 MPa, i f%
Gile 4t U7 ) 4 B bk WA R FE 4 30.5 HRCEY! (£
4 3100 MPa); X E W] SLM T2 kEUH A%
TG TR HL R 25 R i W SR R R
2.5 PEEEEmMEE

K7 NN R RE R L o N SLM R ol B
JEE 15 22 A (COF) B Wl b 1) F A8 Ak i 28, P 8 Skt i
[ SLM R 1 BE B R () A2k . AL, 76 MK A 0.55
ka/m I, R A B 4 AR K 4 A R ¥R ) U B W
S, [ A]RE K B 5 AR HU{E IR T AR B 7 0.658 (& 7))
FEHSHF, AEERERE L, H 1.78x10™" m* /N m
(B 8). FLHER, 75 n BARKS, ST R A FL IR B
%, e REMAELOE: EEE SRS, ROh
Wiy e, fMRRAETmENREMSR. YpiHE
0.8 kd/m f, B A A 1) B 458 2 0 ith 26 05 50 A Pk 5
HEE AN E DA E, P EEASEMmE 0577
(E 7, B> A 15210 m* N -m (K 8). 4
n GRERIG 2.1 kd/m I, BEE R A B A R BT,
P EEE R BUE N 0583 (B 7), BEHiF#H—PBFE
0.69x10"° m¥N-m (& 8). XZHTHEE » MHsn,
SLM R PF80% 2 0 4 v, AR Zlank. 355,
B A e ] AH 1R 38 98 5 m, WORDRL G PR 1S 3 G
JEE % B A5 K A RS B R AR S ERITE Ry . 4
BE— A 3.2 kd/m i, U BE 4R 2R it 2 AE VTR B
oA e , (ELIH A I 1) (09 2 R 2 R At 28 B T )= 0
M sh, P EEE R BUE % 0.632 (B 7), SEESR
TP 0.83x10™° m¥N-m (& 8). SLM i B 45 &
TAPERE (1 B AK, 506 RE B N\ I e B XA P 0 0% R
e (B 3d) FlfkR AR (B 5d) A XK.
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Fig.6 Microhardness of SLM-processed parts at different laser

linear energy densities
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Fig.7 Friction coefficient of SLM-processed parts at different

laser linear energy densities
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Fig.8 Wear rate of SLM-processed parts at different laser linear
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W A, TR v 1 5E W SR AR

2) SLM R i #2 J i & 52 WOk 26 Rk 2% B g 152
Wi o Y g KR, BUB AR R ILER, S5
FEN BRI 88.6%; 4 n i mly, HTFHARIIH
SO, AR R RO R AL, SLM RO S0 4R
N 90.8%. T 7EIE B A # A 2.1 KI/m B, SLM R IER
P4 2 BUE, BRI 94.7%.

3) SLM A 1) i 7Y B Ak 4H 2SR B IR b
Sit, 15 n 2.1 KIm &MTF, HREALNb. 5
M¥L), “F¥mBLEAAS 0.73 pm.
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Selective Laser Melting of TiC Solid Solution Strengthened Tungsten Matrix
Composites

Zhang Guoquan, Gu Dongdong
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The nanocrystalline TiC solid solution strengthened tungsten matrix composites were prepared by selective laser melting (SLM).
The influence of applied laser linear energy density (7) on densification level, microstructure, microhardness, and wear resistance of
SLM-processed composite parts was studied. Results show that a low laser linear energy density leads to the formation of micropores. In
contrast, a high laser linear energy density produces the microcracks, caused by the thermal stress. These two situations generally lower
the SLM densification. However, at a reasonable # of 2.1 kJ/m, the SLM-processed composites part has a near-full 94.7 % theoretical
density and a significantly increased microhardness (HVo2) of 8062 MPa. The dry sliding wear tests reveal that a considerably low friction
coefficient of 0.583 without any apparent fluctuation and a reduced wear rate of 0.69<10™® m*/Nm are achieved. A uniform distribution of
columnar crystals is obtained in SLM-processed tungsten matrix composites, with an average diameter of crystals of 0.73 pm.
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