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Effects of Nb on microstructure properties of NbC-WC composite coatings by plasma cladding
LIANG Bin, LI Min, XUE Junxian, CHEN Linlin, GUO Zenglei
(College of Materials Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract; Ni-based composite coatings with different (Nb+ C)/WC ratios were successfully prepared by plasma
cladding. The microstructure and mechanical properties of the composite coatings were characterized by high resolu-
tion scanning electron microscopy, X-ray diffractometer, microhardness tester, room temperature dry sliding fric-
tion and wear experimental equipment and three-dimensional morphology tester. The experimental results show that
unmelted WC particles exist at the bottom of the coating and the dissolution behavior of WC is promoted with the in-
crease of Nb content. The coatings is composed of NbC, WC, y(Fe,Ni) and M,;C;. When the molar ratio of (Nb-+
C) and WC is 2 ¢ 2, the coating shows a higher microhardness (~750 HV, 1), better wear-resisting property, and
relatively smooth wear morphology. With the addition of Nb, the wear mechanism of the coatings change from ad-
hesive wear into adhesive wear and abrasive wear.

Key words: plasma cladding; WC; NbC; Ni-based composite coating; microstructure evolution; wear properties

TESE R B Tolk AR 77 v s 4 T b ORE R A LA AR 8 BUAS AT i B0 M B SR Bz . (R 4 e A
VR T P A 2 2 T ) T 49 o 4 JR R O 5 U 2 LA B B I T R B ) L T B R ORI R 4 R R SR
JERS R WO PR A s B B R e O (2 600~2 850 °C) 5 Ni &5 4 J& A7 78 B 4F i T A . LU
WeRANIE G A S B ILE G2 Db E B MR RR A AR 4 R A bR

Li %55k A e vk £ R ) 55 SR E WC-Co B8 B IR 2 B IR 2 M HOW AL UM 25 4 PR RE . R R RUE
WC UKL 1 F77E 32 1 1 UR 2 B8 B2 /N RUEE WC UKL 43413 ¥ 20 A R T4 5 TR 2 0BT T 1 58 ), AURUEE
WC-Co B GIREHA RIFLEATERE. B Co KM WC A & B AF W 1 . B Co Kbtk — ik B A 5
P AR T A 2 4 Xiao S il & THOLKEE WC B3R Fe RE BWRZ IR T WC-Fe Z 402 Wil
BLN AT WC R 23 AL A 3 WC-Fe 525 Uk J2 AT S AL A LA JES L B 450 RO 35 B 461y 2, B WC & i 1
|
W Fs B #:2022-01-09
EER AR A9 B LRI B LA FENETEE FRES B EE G IWRZ T .

2 970D A IR M B W EE NS B TR TG 6 A B T P Dl b A 1 A RAE B R
FHEE 5T A SCGBEE A . E-mail . kd_limin@126.com



g k4 Nb %4 ES T NbC-WC/B L A 1% 2 B 8L RE Y 2 R ¢ 71

TN 52 A2 B BE SR AL Hh kG 2 VS 5 1 Rk B A ALY . Peng &R IR T HEE HL R B WC B A
SRAWZE IR WC BRI R JZ 4L, 255 25 R W, i T WC il 342 R A, WC 50k: 76 Bk
T WC 5852 A 1R 2 AL A P 1 7E i FLRH L X A s R L 41 e L2/ WO BsR R Ak Z2 4, WC
AR 5 A ML A R - 4R Ak JHL BT X3 R AR 2 G IR 41 4. Bodrova 5N i LS be g il 4 T TiC,
VC.WC ZInH s bl B i A kL R 58 9F 0 b 7 &5 AL 2L A8 b . Zhang %6038 i % 8 708 B B R 1
Q235 WK b il & TiC/WC BUAHE G IR Z W5 Ti o X WC IS iz, Z B % TiC i34 m . WC i
Ve AT BIAR0F SR AS B0 404k 433 S a4 5 T 3 T IR 2 AT BE PR BE . Gao 48V I aE bedh T4 A%
T4 NbC () WC-Co i it & 42 . 45 R K W] NbC fyas e 7 WC i

ARSI 3 5o A B T B R AE Q235 MR il £ T NbC-WC 8L & A% )2 . 0158 Nb st Z X WC 7
BT I R BT 52 L A B NbC-WC B4 5 Ni 52 608 )2 10 S 1511 2R g B L3 4 g ) 1k J i s
PRI WCNI IR 2R R O 5 S50 f Tk B AL A - 4 it 5 %

1 SSRHMBERFTIE

F 1A T RRIAES AR KB HL . &2 & kRl NiSo B4 A 88 (25% C)  Nb 3 (99. 9%) fl £ ff
WC P& Bk 2 il . Q235 WIVE M 3L, B IR IR & )5 76 5 51 90 DRE-3 %5 5 P03 & Lk 7 2 b
P OSBRI 120 AVEEHE 35 V, EHEGEE 120 mm/min. 2K E B 220 o/min. APPSR W AK .

R 1 FREEEREIHARE L

Table 1 Powder ratios of different samples
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Fig.2 Microstructure morphology of coatings
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Fig. 3 High resolution scanning images of coatings
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Fig. 4 High-resolution scanning images of C3
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Fig. 5 Microhardness and its distribution along section of coatings Fig. 6 Friction coefficient curve of coatings

2.4 TEMEETN

P 6 gy T TR T S T 0 2l T A AR 0 S 0 A R A AR Ml R . d SR BE A R B AE 0. 5~0. 6
Pedl o AEWSHEE 10 mm/s, B E 1800 s BSER AT -3k JZ C3 RN EARAY BE 5 R KL 7E 0.5 BT
ezl BT R URIZAE ST S A B R B S I AR IR R C3 RN BRI S IR L5 G
SRR 01 3 S PR R A0 AR . FT LA E TR R C3 A AW B O I B R RE . (R I B . IR R C2 R
T CLH C2 W EPEZE 9 T Cl. X2 ERIE C2 2 1a0 T8 A ms GIOoHL R (9 36 2 20 IR 1 O J= 35 1 o
o R R BN ST I S U2 R S 7 A kv R v I A8 U e T A IR 5 R 2 M) R = A B
Bt EORZ R A BRI B L TR R R ARG

4 Nb FREZH LRI C3 K C4 i WC ORI A i - B (01 1 25 18] 23 A3 1) 3 DR U )2 09 Tl P E
Hn(Nb+C) : n(WO =22 2,3k JE C3 RIMIE M M, Co 28, NbC BURL 2 ) 70 A3 76 B 2R N B2 & 250 1Y
FAAESR S T AR BRI YE  — E R B4R T A RHRGTL B I RE ) - 1R R T IR Z TR R PERE . ] 8 Dy = i e
ARSI R TR R EAURIE o TRIE C1 B3R R A7 10K 7 2 AR08 2 L i B o RS s C2 2 1 B 3 7%
X Ah S B A7 AE 8 2 B30 5 C3 R G RV 5 L OR e BUW IR A9 R v o A7 78 2D 1 B3 5 CA R BB T B
V& ATAE DRI AE . A RIZIF AR R E BB IR JE C2.C3 . CA b A7 1E R R B 52 .
W2 C3.CA B R AT AEHE 58 A NDC B Mo, Co Wi e 70 A 2 125 —AHSRAL B9 7R HT . 32 8 1 A0kE o B B2 L 44 )
F ot S P RE o A5 T 4 0

0.00007 |

0.000 06

0.00005 F

ZZ/(mm’/Nm)
(=]
<
(=)
= ]
(=)
=

5'5 0.00003
H

0.00002

0.00001

0
C1 ©2 @3 C4
B 7 AE(Nb+C)/WC L% B ERER R E (a) Cl;(b) C2;5(c) C3;(d) C4
Fig. 7 Wear rates of coatings with 8 BREEMEIR

different (Nb+C)/WC ratios Fig. 8 Wear morphology of coatings



e %A Nb X458 T B NbC-WC/ B L A U2 I 414U RE A2 R ¢ 75 .

3 &R

) R FIA B AR BINTE Q235 8 F#I4 T WC-NbC 42547 5% 2. Nb 1EH 5 BB 4% &4 e ik

T WC E‘Jﬁz\ﬁ’%,ﬁﬂ? W TR MBI 5510,

2) WEHAFEEN y(Fe,Ni) \WC My, Cs il NbC, 5 3K5 541K, WC 2 FIRIZHIEHS . 228

T SR HE I T r&i@ﬂ.éﬂ%%iwmié’ﬂﬁ%ﬁ*ﬁo

3) i Nb St i3 mm WC i pym > IR 2RI E 2% EAE FREMESE. Y n(Nb+O) :
n(WC)=2: 2 Bf ik JZ 08 BE AR XS 8 » R 750 HV, . B EEARY 3. 25 %,

4) FEW SN HE 10 mm/s, BEHATE] 1 800 s MSLBR 4510 T . Bl Nb & & 193 Al WC & & 1) 9 >, 3
5 WC R A SR ZMEVERE S EFHE TR, 2 n(Nb+C) = n (WC) =2 = 2 B, U J2 Tl BB 1k BB AH X 4R .
T S L ] 5 A o S i R S L A

e

[1] MUKHOPADHYAY A,BASU B.Recent developments on WC-based bulk composites[ J].Journal of Materials Science,
2010,46(3) :571-589.

[2] KRB, 2l @, BRIk 4 WC-Co A &2 R #Tt & [J ] 4 A & /% ,2015,39(2) :178-186.

ZHANG Weibing, LIU Xiangzhong, CHEN Zhenhua, et al. Latest development of WC-Co cemented carbide[ ] ]. Chinese
Journal of Rare Metals,2015,39(2) :178-186.

[3] SHU D.LI Z,ZHANG K, et al.In situ synthesized high volume fraction WC reinforced Ni-based coating by laser cladding
[J].Materials Letters,2017,195.:178-181.

[4] GENGA R M, ROKEBRAND P, CORNISH L A, et al. Roughing, semi-finishing and finishing of laser surface modified
nickel bonded NbC and WC inserts for grey cast iron(GCI) face-milling[ J/OL].International Journal of Refractory Metals
and Hard Materials,2020,86.D0O1:10.1016/5.ijrmhm.2019.105128.

[5] LI X,LIU Y,WEI W,et al.Influence of NbC and VC on microstructures and mechanical properties of WC-Co functionally
graded cemented carbides[ J].Materials & Design,2016,90:562-567.

[6] XTAO Q.SUN W L.YANG K X, et al. Wear mechanisms and micro-evaluation on WC particles investigation of WC-Fe
composite coatings fabricated by laser cladding[ J/OL].Surface and Coatings Technology.2021,420.DOI:10.1016/j. surf-
coat.2021.127341.

[7] PENG Y,ZHANG W,LI T,et al.Microstructures and wear-resistance of WC-reinforced high entropy alloy composite coat-
ings by plasma cladding: Effect of WC morphology[J].Surface Engineering,2020,37(5) :678-687.

[8] BODROVA L,KRAMAR H,KOVALCHUK Y,et al.Structure formation of polycarbide-based TiC-VC(NbC)-WC/nano
WC hard alloys[ J].Boundary Field Problems and Computer Simulation,2019,57 :35-40.

[9] ZHANG M, LI M,CHI J,et al.Effect of Ti on microstructure characteristics,carbide precipitation mechanism and tribologi-
cal behavior of different WC types reinforced Ni-based gradient coating[ ] ].Surface and Coatings Technology.2019,374
645-655.

[10] GAO Y, YAN M Y,LUO B H,et al.Effects of NbC additions on the microstructure and properties of non-uniform struc-

ture WC-Co cemented carbides[ J].Materials Science and Engineering: A,2017,687:259-268.

[11] ZHANG M Y,LI M,WANG S F,et al.Effect of Nb on MC(M:Ti,Nb,Cr) precipitation and tribological behavior of TiC/
Ni-based coating fabricated via plasma transferred arc[ J/OL]. Materials Research Express, 2019,6(11).DOI;10.1088/
2053-1591/ab4eaa.

[12] %055, 0o, 708 &, F k5 8 AlFeCrNiTICu, 2 &4 2% AT L AR BE X F F M A XA F M) ,2018,37(2)
74-79.

LIU Liang, WANG Canming,SUN Hongfei,et al. AlIFeCrNiTiCu, High-entropy alloy coatings fabricated by laser cladding
[J].Journal of Shandong University of Science andTechnology(Natural Science),2018,37(2):74-79.

[13] I 4hsk,, Z#4, FRFL.FMABEAL WCRENAR B MRS IT [J]. 2R HKE,.2021,41(5):961-967.

LIU Weibin, LI Xinmei,JING Zhenyu, et al. Microstructure and properties of laser cladding nickel-based WC coating[ ] ].
Applied Laser,2021,41(5):961-967.

lu

(ﬁl’f:lt.%fff[- n/ Ju)



