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Co-Ti-B,C My K&k AP, WIFWRMAR (1) FIO 2 R 2 B &5 A 5 P 2R FH U 2 0 422 6 3 4z e
3Ti+B,C+xCo=TiC+2TiB,+xCo (D AT E . RIE GB/T7124-1986 [E X Frifk, 14 /1 E-7

¥ Ti ¥y Fl B,C ¥4z I EE/R o 3:1 %8, Co
¥R EIR GV R B 5%, 10%. 15%A1 20% 0\ .
MR % SCHK[18-19], NaCl m] LAk TiC Al TiB, i %5
KRS, B, 78 Co-Ti-B,C By AR A& R b hn 7 i &
3% 10%NaCl. FRE 5 FIRA M REFKIHEZ 60 r/min
FIEE RN EIRS 72 he BREEIRSJS, & 40
B0 R Bk K B d15 mm><L5 mm [F) 3k & B, 48
X FE N 602%. %% () 4 Fh Co-Ti-B,C #r Kb 4
WA 1.

HEER2EE— T HHMFEMPE Ar
(99.9%) A FFHATH . ¥ Co-Ti-B,C H oK KB
BE AT ABR b, TR I R A A B I AR A
R IR MR G, iU, oHE, R
AR Ay e, IINE BT K, BIRiAa e . Frds IR i
FE B AL BEER, L 50 r/min 3 BEEREE 2 h i ik
BE KR A I 1 RREE N B0 S A3 R AT ST,
i A AR 3 43 A6 30~100 pum [958R T APS
(kY A o SEB6 FEAR R RHE T 50 mm>30 mm>& mm <}
(1) Q235 IAKEN . WHiRHT, HeM RHME 5 M4 H NI &
WHAETF WP ML B 3EAT T WiRb AL 2, SRJ5IR AN Sl
PR RE, RN BT TR T

K FH 1) 45 B8 7 T i 15 4% N B Sulzer Metco /A 7]
PR, HLES TR YASKAWA 24 &) 42 77 ) HP20 #Y
NS TF . Bk LESHWER 2 Fis.
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LATHAC T B Z LY S5 IRZEN A . KA
ZEISS GeminiSEM 500 #13& [H FEI A & 4= 7= f¥] Thermo
Scientific TM Apreo C %45 (137 k& S 34 fo 1 2 i
MEEH SV, RERIMAE . LR E B S

1 EHETHAABEEREMRMUERS
Table 1 Chemical composition of self-propagating high-
temperature synthesis (SHS) mixed powders used

for plasma spraying

Coating Co, w/% Ti-B4C, w/% Ti/B4C (molar ratio) NaCl, w/%

TBC5 5 85 3:1 10
TBC10 10 80 31 10
TBC15 15 75 3:1 10
TBC20 20 70 3:1 10

k2 EBEFEAIZSH

Table 2 Processing parameters of plasma spraying

Plasma gases Carrier gas Ar/ Spraying

Power/kW  (ArHp/Lmin?  Lamin® _distance/mm

42.2 35/12 2.6 100

ISR TR TR AR R 28 75, 4 g e 5 ] A 7] 4 BT = B
10:1 Lh 35 2008 &, KRG 450 f5 78 100 °C R IE 1L 2 h.
P N 2 0.5 mm/min, 4545 R E 3 Mk
BERT 4

REELPE A S, KA MPX-2G A 4545 0 B 452
BRI IR B AR = IR T BT S BE S i e . )
R RN NI E (ALOs), ELAN 8.5 mm. i 2L &
RS b, RIS N 20 N, BEERAE RE 26 1H HOR
BN, XA 3h i B 51.8 mm/s. K 44 K F
MERFBERIERRE, TEREERE, WFEk
JE I B PERE, 0T B 3R Y 3 AT ISR 4 AT

2 HR51
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H Co 38 inyk /> 1 ZrC F1 ZrB, £ B &, [R{% T ZrC
H ZrB, BT HH 0 A 5T R Co I =i I & 42 20%,
1M HL TiB, A1 TiC 3= db AH (A7 S e e 5, I 7] B 5 5L
Co 1) AT 5 06 55 1 V80 A A 00 1)
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72 49 W T ) S R R O 25 K o R DA BT B S A 1
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Fig.1 XRD patterns of self-propagating products with different

Co contents
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K2 A[F Co&iHEE™ YW S EDS Rl 7 #
Fig.2 Fracture morphologies and EDS analysis of SHS products with different Co contents: (a) 5%, (b) 10%, (c) 15%, and (d) 20%
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B3 A[H Co & & TiC-TiB,-Co %2 XRD Ei
Fig.3 XRD patterns of TiC-TiB,-Co coatings with different Co

contents
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4 R[E Co & TiC-TiB,-Co %2 MR
Fig.4 Surface morphologies of TiC-TiB,-Co coatings with different Co contents: (a) 5%, (b) 10%, (c) 15%, and (d) 20%
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Fig.5 Cross-sectional morphologies of TiC-TiB,-Co coatings with different Co contents: (a) 5%, (b) 10%, (c) 15%, and (d) 20%
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Fig.6 High magnification images of the cross-section interface (a) and eutectic TiB,-TiC (b); EDS spectra of point 43 (c) and point 47 (d)
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Fig.7 Tensile bonding strength of the TiC-TiB,-Co coatings with

different Co contents
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Fig.8 Wear loss rate of Q235 steel and TiC-TiB,-Co coatings
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SAER S EEE N RABHEARE., TR, ISR
VR 15l T BB e R RN B AE IS 4 2 1HT, i8] 10e 1 10f,

B 11 AR BB R . iTLEH, Co kT
10%H}, ¥R )Z BRI LA s Co 1S 02 15%HT,
P& A SR THD % 2 M RL VR T B0 B 0 ) 5 B S PR TR AR 43
AT, X B A0 Y 3 2 BE AR I R 1 59 V) 04 FH 51 kS
WEM LR AR TR BE R Co 4k 823 n £
20%H}, 545 3R TH 2 i 1 OK SORDRS A RL SR T, R
W B 3 2 A B PR RV B A . AR BB R T R L
FRAERTHED , 7 & A 5 % FE TiB, A TiC M 28 A o M bz
MK Co ZREIRZET, BREZKAELR ALO; M TiB,
A TIC B BTAH 2 6], B #EAHTE] D &4 )8 Co % TiB,
HTIC WKL LR AR BT A B, AT i 2
BV ED, S8 Co 4 10%LL R 1R 2 A8

B9 e 2 WL B R T 30
Fig.9 Macroscopic morphology of wear trail of samples: (a) Q235

steel substrate and (b) TiC-TiB,-Co coating with 10%Co

& 10 Q235 B K 1 M 7T 3 Ak /7
Fig.10 SEM wear surface (a) and EDS element mappings of O (b), Al (c), Fe (d) for Q235 steel: (e) adhesive and (f) crack morphologies
of Q235 steel
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Bl 11 TiC-TiB-Co ¥RJZ B K M) SEM T3
Fig.11 SEM morphologies of wear surfaces of the TiC-TiB,-Co coatings with 5%Co (a), 10%Co (b), 15%Co (c), and 20%Co (d)

TS NI AT, U BRI R LIS, WS
PR IS BT 8. = Co STRMIRET, &/ Co #hid
FHIE 22, WY BE BT [P0 LE 4% 2 A4 R B 400 4 1 ™ A B
RS (K 11c), RN . Fi,
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HY 55 8 T IR TR R AT S TR R S I YL R ] T BRI
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XS N
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X EEHEEI ALO; IREE . [k, AlLO; BEERTE(K Co &
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TiB, Al TiC i i Wikl BE 5. % 5%Co 42 B 45 3 1 1k
1T EDS st R A (KB 12) T, BEHREm D Mma
KEM Al THEE O ok, RYEBHILE T KE TY
AR, AlOg B 3R B 451 100 7 RGP ik 2 R T, 210

K12 5%Co TiC-TiB,-Co ¥ 2 B4 K i )¢ EDS JuE [HiF14
Fig.12 SEM morphology (a) and EDS element mappings of wear surface for TiC-TiB,-Co coating with 5%Co: (b) O, (c) Al, (d) Ti, and (e) Co
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Kl 13 TiC-TiB,-Co I Jz BE 451 3% 1 i 15 TE 3
Fig.13 High magnification micrographs of wear surface of TiC-TiB,-Co coatings with different Co contents: (a) 15% and (b) 20%
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Microstructure and Wear Resistance of TiB,-TiC-Co Coatings
by Atmospheric Plasma Spraying

Ma Baoxia®, Xu Yang®, Xu Dunhao®, Zou Binglin?
(1. School of Materials Science and Chemical Engineering, Harbin University of Science and Technology, Harbin 150040, China)

(2. Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130021, China)

Abstract: TiB,-TiC-Co composite cermet powders were synthesized through Co-Ti-B4C system by self-propagating high-temperature
synthesis (SHS), and TiB,-TiC-Co cermet coatings were produced on Q235 steel substrate by atmospheric plasma spraying (APS). Phase
composition and microstructure of the SHS products and APS coatings were investigated, and the tensile bonding strength and wear
resistance of the coatings were examined. The results show that the diffraction peaks of Co-Ti-B,C SHS products mainly consist of strong
TiB, and TiC diffraction peaks in addition to the diffraction peaks of a small amount of remained NaCl additive. Both TiB, and TiC
ceramic particles are fine. With increasing the Co content, the disk-like splats are increased on the surface of TiB,-TiC-Co coating, and the
surface becomes smooth gradually. The thickness of the coatings is uniform, and the densification is improved. The tensile bonding
strength and sliding wear resistance present the trend of firstly increasing and then decreasing. The tensile bonding strength and sliding
wear resistance of the coating reach optimum values with 10wt% Co addition. The wear mechanism of the coating is mainly adhesive wear
and lamellar peeling wear.

Key words: TiB,-TiC; Co; ceramic coating; plasma spraying; wear properties
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