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Microstructure and properties of mechanical cutting
tool wear resistant layers prepared by wire powder
synergistic arc additive manufacturing
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Abstract: Mechanical cutting tools are widely used in fields such as agricultural machinery and rail transit. A set
of wire powder synergistic arc additive manufacturing system was established based on the requirements of heat
source and reinforcement phase volume fraction of the wear-resistant layer. The tungsten carbide reinforced iron-
based wear-resistant layers were prepared under different powder feeding gas flow rates. The microstructure and
composition of the wear-resistant layer were analyzed using metallographic microscope, X-ray diffractometer,
scanning electron microscope and energy dispersive spectrometer. The results show that when the wear resistance
layer with a powder feeding gas flow rate was 8L/min, the volume fraction of reinforcement phase is 60%. And
the wear resistance layer is composed of o -Fe matrix, WC and W,C particles and Fe,W,C precipitates. The matrix
microhardness of the wear resistance layer is above 1000HV, and the maximum microhardness of the reinforcing
phase is 2385HV. The wear resistance layer has excellent wear resistance.
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wear resistance

HEEIE . AL AR SR B R (E2022210030) 5 (b @ E AR A ARTICIE (CXY2024035) 5 Sk GlFT Il
YIZREHRITE  (202310107008) 5 15K BB R A Bl E mmiE (22022-12)

FH—AEE: XA, FF, BENEEEMARER SN, E-mail. 562175956@dd.com,

WA WhEdE, BEE, W, TR EERE S AR RO R G e EEE S, E-mail: lianhai_hu@stdu.edu.cn,

20244F 7561
120 www.mw/950.com

#HmT



1 F

ULAER, LA B AR PR, ol 22l 55
U E AT BB T) EL (et
RE TR, PR A, LA A 75 iy J 55 ik
B GER T BRI, E NAMEE AR ) EL 2 T
PETT i B HUEE SR BIAPR, KA BRI (R RO SR AR A
i, 578 B S I R T 2RI,
B . FE T B R TICHR IR F 5 5 1k
il 5 PO TR P8 R A 45 3 W C 38 18 S8 TR B O /2
1 38R AR o3 AR S ST S R RE T R A IR, et R
e K AEHE R T A R AB AR S T TR AT AE SRR RE 5
W, 25 Bh IR 2 B A PR AR S R

He T LA LR, anfal i 0 8 A PR R b ik
T S R AR 23 %, An{a] R 0 A& A RHE & 5k
BUEA & P AR o3 B 5 AR T) HL B il &, anfalis 2
b 2o LA T B DA BT B A R 508 A 7 PR A5 55 A R
5 PN OB S T AT S < S Al s 42 Vv [
HUIRHE bl R ST, TR T LB ) it 15 2 5 4 il
& LE, WORAA., oy R ERERIHIE.

2 R, BESTE

A m LR ) B AT S YA i, sk
W C 25 155 FH IR T 43 $0>50%, A T iR FZ AR,
— 7 0 BERERIRIR FEE T, (EER AW CAE I SR A
FESRDR VR R 4y e b, [RlInE B i A R 2 2%
Ky 75— J7 1SR ES AR B AERE YW CAE g 5
FRE A T KRR <R PR R <
S AN SO R B, e rh AR AR
FIMIGHL R B SONTTIGHIR B, ik, &M
MIGHLIEA IR LA A 3E , BERERE S ik (L4 5
SEAHS i 2, SUREPRIERS & HURE A AR . AR,
IZMIGHUIHERR T3 SR F 45 R 23t AT i, T
MIGHLIIE AR 25 4R 22 HAR — i At 2mm, i
FWCHEH AT R AR, A BET 2 0 8 = Y
PR BOMSRAR R, RIBCAHE I AR 258507 22
VRN SR BRI ALl b, EIRAG R IR fhak by
BRI ISR ANY R, TR R T W CEEHESEA A
M P R Bk, S T A v R B o) B s A A i
P& R Al Ao

HE b REE FTL6MNEN, 25 5450 22 A 4 i R A
Q2358 , 2. LML N B 25.85 AW CFIW,CHUAR Y

[l

% # R B

Additive Manufacturing

K, B 480~150H , AR AERIE, MR R
H)25%, JRZZEHAROh1.6mm,  [R]Ahik By Ry R h
WCHIW,CH AR A, TEAR AR MR, ke h
150~300H,

FH AL ENBM-5004#4L, % it il & A
PEME, (EAFRENS IR IR Z AR Ak by, RAARAL. %
L FRG., ERG. KPR, ERUREE A
PEMSESE R, HREOL T 220 by IR F S A il R 5T,
WME LR, (B GG R, RHLE R R
%, RLZZHIE 807 |, & AR I by B i ) 45
LAEMR S T2, R R, <
fRim & A 15L/min, JREEE D 190A, MK
22V, fREMEO.3m/min, Xk A HAIE T, %
B A G E S BIA4L/min, 6L/minfi8L/min, E#)
PR A IR IRA ST, IRZZFNBE (£ Ll B A H
TREACTE tR i, 258 BHE S W CRy AR A 3 A
Yo, BERESTERNTES B, anE2FR,

Bl ZuihERIEMHERS

B2 M7 EmER LY

et MG Tl 3 ) 70 L1 B PR £ B0 15 A5 BRI
P, SRARAOHA AT E R, SREHATHE, R
FEKHEAT I, IR AHAE, RALEICADMIS
TG A T A B2 AR AH 2R, SR FHSUB010%Y IS % 5t
Ff L T B B FNE D S/ M (UL g2 i Al 2R e 35
43, D8 Advance X5t AT 5L 4 Hrilit B 2
WIAHA R, FEFHHV S-1000 5 06 e 114 M i & 2 i
JE . ARYET) BRI TAEIREE, A il R B 4 5 £ Rt

202415 #61)

iy

www.mw/950.com 12 1



3% 3 # &

Additive Manufacturing

TS A TS PERETIR . 8K YR, PEAEMHRE . 5% by IR RobBLIMInGE , b 2

3 wmEREsE AR BRI AW,C. WC, Fe,W,Cil o -Fe,
KREFe,C. 4Ky bR LI S b Bl . WC

31 MREFRARA B DR RDWLC, W, C, W.CAR AW,

. i;igg;wgﬁfiiiiiiiigg C. oMM AW, Cot 3 1506 1 7 R F e R T e

e ’ U R WLCL Tl IR 3 AW, CRIW C ot i s

B RS G MR AR oL

By sy . T LA JR (5 TR W CRIW,C 1 3

W T o R A T2 S

0L (eI & R AT F L M e

PEHE ARSI, BT, oo BB (%R

P T S S B A K i R

oS R LTS 2, 43 PRI RhUmin,

6L/minFu8L/minfsl, 355 0 4 FR 45 B 5 B2k

25% . 40%F160%

a) 4L/min
a) 4L/min (200 x )
b) 6L/min (200 x )
b) 6L/min
¢) 8L/min (200x )
B3 AEEMSERENTEZSEAL
P4 Jt 7~ A AN TR IE H R T S P T 188 I3 XS 2 A1
SHE e ARG 4 LIminfyit g 2 o -Fekt
ik, MR TFe,W,CHIFe,CHI S Bk % ;
¢) 8L/min

2y A R A6L/minkt, o -FedE i FnFe,Ciy s
IR, WCHIRHm, |FWCHIW,CHRE
& T o -Festfk . Fe,W,CHnFe,C, [ it 2 Hiit 5% X by A R oh8L/min,  Fr L3 58 40 (4

B4 EEM ST S R S E XS E

20244 64

122 www.mw/950.com T




oy B, Chbk, XL R 3 — ST IEA
Sy M. BEISHTR Ay SR & A 8L/minf it & 2
ISEMAA L, MEISAT L], HKik Eofis kA
CrERR IR, ERZ)h135um, (ERKIINEL, B
BT —E TR U B, A R FE B A G AL B
T BRI R A AR NS /NSURL, B 6 TR
AEDSH MM E R EfcES AR, Hd, B
6a % E D ST 4 - bR i & #E A7 s b, S5 An
El6b, chin, HMHIENLEL, MEG6RTEH, K
H AR MR HWFICTC R B, MFELspot 21 &
PR EE R BT, CEWEF& &S H2 - 3, &
A EI4cXRDI s Hr&s A, Ik A kL W CHIW,C
Pk, MEI6bFIZ1MIspot 17 B Bk &E &AL
Fit, BRI AS B AR 3 SR WS &R
P, MRAEE4CHRIXRDII S HTE5 R W, Fe, Citk
Eefl, WK 3 R A Fe,W,CHE i, Fe,W,CHir
H 4 R By By A RN 25 R 22 FR )W CFIW,C itk
FE T TN iRk B b oy R AEROW . Coe R 5 kA
TLHEFeLE A TE R

a) fKR5SEM b) i %SEM
ES FEMSREA8L/mInKIH & ERMAR

a) b b) WitsEsnfi

¢) CoLE i
E6 mEREEDSHHT

3% #H B

Additive Manufacturing

®1 MWEREDSEAH (KBn%) (%)

(DA Fe w C

Spotl 35.47 50.15 14.38
Spot2 - 59.17 40.83
Spot3 36.02 48.61 15.37

3.2 TP R B A

Xef ik by AR UG i A 8L/ mi it il £ T 1B = 3R AT
ORI AN, AT R 2 1T AR, TAIFG0.15mm
Rl — A p, 2 A2 G itk R an B TR R . A
BI7TRIEHY, 1ifEE B AR =1000HV, fEWCHI
W,CRURL 3 SR AR O B AL, B R A, e o BB A
2385HV,

E7 EMSERE ASL/ming i B R T iRE
3.3 MR BRI MK

Xt il B 3R 1% % A T BE AR PE REAMN I, AR
BERL2N, JEZEETR, AREEHR 12— R,
TG 285 R MR T ok S s R o A, WL
2, NR2WEH, FAEEE ARG, g
S5 R AR R AR > B I, T B R 5T 41 2 5 1 R
AN, R R R Y8L/MIni, BUEHI KRN, A
194mg,

R2 WMEEERKIEE

Py A/ (L/min) Jit 4515 /mg
4 514
6 303
8 194

4 BRIE

1) B30T —E2BhRRIEM flE RS, %
22 oy Wi 5] WO I b A3 T v B SRR & T L R
B AR RHR T S S ke S, BERS SRl m (R Y

20244 61

T

www.mw/950.com 123



3% 3 # &

Additive Manufacturing

o3 O SRAR R B 2 125
2) Mk ki Boh4L/min 6L/min

FusL/minthf, i S 2 5 5% AH A A FR 2 Bor B A

25%. 40%F160%, [t B 4511k RE & H .,

3) By R A 8L/minfi B B o -Fedk

& WCHIW CHiikL LA e Fe;W,CHr thAHZE B, H A

BE D, JEREE B =1000HV , 358 AH 55

A iR F T 2385HV

SE:

[1] ##EE, SEEH, RR¥E, F. E#HFe/WC/CeO,
EETHEEHEREARBEI] REIREY
i, 2021, 37 (24) . 1-8.

[2] REA. AR IR E e 7] BB U 9 R [D).
Kb MERLAF, 2018.

[3] XU L, SONG Z, LI M., et al. Self-grinding silage
knife strengthened with Ni-WC alloy prepared by
laser cladding[J]. Applied Sciences, 2021, 11
(21) . 10236-10236.

[4] &H, #4, =, % ANEHAHFREBELX
BEABAARE RED]. £ BT (KinT) ,

[5] XIA J, FENG Y, LING Z, et al. Influence of
WC particle content of Fe-based powder-cored
wire on microstructure and properties of plasma
cladding reinforced layers[J]. Journal of Alloys and
Compounds, 2022, 922. 166148.

[6] WANG Y, HUANG Y, YANG L, et al. Microstructure
and property of tungsten carbide particulate
reinforced wear resistant coating by TIG cladding[J].
International Journal of Refractory Metals and Hard
Materials, 2021, 100. 105598.

[71 279, F4F, #EE, & WCEENH LA
NiZEWCE £ & 4L A A0 & oy % [0 A AL 32
248 2016, 37 (7) . 172-179.

[8] IDIR A, DELLORO F, YOUNES R, et al.
Microstructure analysis and mechanical
characterisation of NiWCrBSi coatings produced
by flame spraying[J]. Metallurgical Research &
Technology, 2022, 119 (4) . 403.

[0 %%, MEH, TER. BMAHEA-T R KNG
IR TH WA K1), ArE T2, 2002 (2) : 35-38.

2023 (5) : 17-13L.
(- E511977)

molybdenum and molybdenum-rhenium alloys[J].
International Journal of Refractory Metals and Hard
Materials, 2000, 18 (4-5) . 205-211.

[11] JIANG R, MOSTAFAEI A, PAUZA J, et al.
Varied heat treatments and properties of laser powder
bed printed inconel 718[J]. Materials Science and
Engineering: A, 2019, 755 170-180.

[12] HIGASHI M, OZAKI T. Selective laser melting
of pure molybdenum: Evolution of defect and
crystallographic texture with process parameters[J].
Materials & Design, 2020, 191. 108588.

[13] ZHANG Z, SUN J, XIA J, et al. Anisotropic
response in corrosion behavior of laser powder
bed fusion Al-Mn-Mg-Sc-Zr alloy[J]. Corrosion
Science, 2022, 208. 110634.

[14] DEBROY T, WEI H L, ZUBACK J S, et al.
Additive manufacturing of metallic components

— Process, structure and properties[J]. Progress in

20244 64

#HmT

124 www.mw/950.com

Materials Science, 2018, 92. 112-224.

[15] WEI H L, MAZUMDER J, DEBROY T.
Evolution of solidification texture during additive
manufacturing[J]. Scientific Reports, 2015, 5

(1) . 16446.

[16] BOUSSINOT G, APEL M, ZIELINSKI J, et al.
Strongly out-of-equilibrium columnar solidification
during laser powder-bed fusion in additive
manufacturing[J]. Physical Review Applied, 2019,
11 (1) . 014025.

[17] GHAYOOR M, LEE K, HE Y, et al. Selective
laser melting of 304L stainless steel. Role of
volumetric energy density on the microstructure,
texture and mechanical properties[J]. Additive
Manufacturing, 2020, 32. 101011.

' 1"} 20240309



