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INFF AR IEARARIS o N T R AR B LB 1 75
PEgE, RZEAAEEIEIUAE . BOUHEE. KIE
KR MR ST B AEfh LRI % Fe 2. Ni
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(CN) -WC H AW EIRIZ, 178G AL B 1 i 12
(AR e X AR SR I A R
FEERE ] _ERIh#I4 T TICN/Fe &JBMERZE, BEK
R AF, BAEERER HVos1 089, HIAIIREE K WIAH [ 2414
T, RIEVEHE T BB EAUN 65Mn FERE IR 1/2, it
PEOL R . b [ R KGR B AR R 57 4 b
Hil TG SWRE, R HBHR S RIEX T T
KALEE, SRR HBUER B KR ZHSAR R 01,
P TR B . gk B e X K HE T BN A
R EHAE ), R A A OB K EmTRE AR T K
HJ] L& T Fe6 W2, SiRERBHUE Feo WREN KA
T R B 1 B A, S R S . E
TR TR RS B R ARAE K G ) 65Mn IR FAH* 5™
R b T TiC PR s G AR E, TiC POk 2 IR HE
A, VRS RRA Y B B RO B . Satit 2RISR
FH v B SRR R 7 VR AE e R I R 4% T WC/Co B &
W2, WA LSRR, Wik WC/Co i B Z iRt /]
JEH BRI E . Amardeep Singh Kang 25U Fl #t i+
RAEFEHE JI R 4> 5% T WC-Co-Cry CrsCoNiCr .
Stellite-21 ¥R)Z, HIERIGLHKH, Wik WC-Co-Cr.
Cr;CoNiCr. Stellite-21 =i 2 [Tt 7 BE 451 Ji f 3 i )
ATHHE, WEESERS. Bk, bdRmiEY
TEAN R FE FE % v 7 AL A 350 42 %) i 5 R 4k ) 7
i, A EIRTEZ AR S, L 2SR aE 5
MENi. Cow WC. TiC A HEA L. Fe-Cr-C RIFE
B BAMC, MR B SR s, Sz A



53

IR ZESE: Fe-Cr-C-V 55 B 7 HENT 2 S50 e bk Tt 135 1R A b o 4k 25

THRRLRI R IUR, (HREWVEE, %P EREGAE
Wi 5202, Fe-Cr-C REEPIERMA V THR, AliLH
AR RLRITIE SRAL IR Y, A s IR 2 LR
EPERE. UL, ASCERE B B R AR R 2%
BIE A5 B T HEIE BORAE 65Mn 42 1 1) 25 i it i 5
1 Fe-Cr-C-V HEXR IR, UM+ TT B s Al S (it
AHTFBL

1 RS

1.1 RIeHR

IR HEA AR EHALE ) 65Mn 4NAR (120 mmx
50 mmx12 mm), AIEHTHIAR AR NHLE 100~150 pm )
FI-19 CE#HG TR B PR 7)) AR 200~300 m
¥ FeV80 KKy (M MigE/E & R MR AR AR,
R WA 1

®1 REMRUERS

Table 1 Chemical composition of test materials %

#rAK Powder C B Si Mo Ni \'% Cr Mn Fe

FJ-19 3.6 19 34 3.1
FeV80 015 - 1.5 - - 80 - 0.5 17.85

53 - 31 - 517

1.2 REHE
1.2.1 3R EHE

X 65Mn 3 TR AT D AL HE (D T 77 0.7 MPa,
G16 Wb, WERb A 75°, WIRPEEES 100 mm), B AR H
WM& B, SRIGFIREERN 99.5% 0 7 B A WS vl
FEFARMLR T F FA2204B BYrE 1 dfr RF4% 1 0 7 (i
WK BRI S A MR HTER, V TR ER/DNT 5%
BV EE TR, AR VC, T 15%H A 4
i P2 RIS S 1 52 1 P34, ViR EE N 10%0 Fe-Cr-C-V
WIRZ BRESRA S AR R MILEIFREL Fevso Al
FI-19 ¥}, #RJ5 KA DQM %47 B A ER BE N4 7 ER BE VR
(38 90 r/min, BREERA] 8 h, BREIL S 11, TES)., Fl
F DML-V02BD BY%5 551 HEIEA LR AR R HEE T 25
HAE 65Mn AWEAE ol & JEEE R (1.540.2) mm )
Fe-Cr-C #Fl Fe-Cr-C-V RMEIEZ . IR T Z2SH0N: #
PR 55 A, IXHE 25 g/min, B F/X 1.5 L/min, %8
K. 2.5 L/min, f£47/< 0.5 L/min, HE/E#E 16 cm/min, HE
TR FE N 90°+8°, HMEARFH B 5~8 mm.
1.2.2 IR EMAERIE

K H SG9000 7Y B 45 W, K AE 26 11 FI ML 43 531 %of 7 5
65Mn il ff. Fe-Cr-C RIESEALFF Fe-Cr-C-V RHUESE
RAFHEATZODE], 20 5128 B T B0 A 19 (15 mmx
15 mmx12 mm) A1 T B AR (25 mmx25 mmx
12 mm), i B A A DI 3 A4S, I Ah S
Y. AR DMA000M 7 4 5 1 O 22 i 8 2 Ak
WA RIS >R A 48 [ A5 & v 48 72 () TECBRUKER
D2PHASER Y X S 267 SO HESR Z AT W0AE 20 #, (AT
SHAEEVER] 10°<20<90°, SLREARE 0.02°); KA _LigE
—FE AR PR AT A2 MH-6 7 5 3 2 PR A

T AR A IR CINERakAT 500 gf, IN#ki[a] 10 s),
RRAREREIR 6 Ik, &5 RECFA1E .
1.2.3 FEFEHERE

KM IB-300B A pf i i 5 AL K Fe-Cr-C & A
Fe-Cr-C-V RHEEZHm ¥, % GB229-84 A1 GB/
T1817—2007 HIA RERGHESEZ M4 K 55 mmx10 mmx
5 mm 1] V R CHRAEEAT v B o f Rl 0 HE IR
EEH 3 AN AR E, R SR ECE A .
12,4 3N BGTE N,

K HSR-2M 843 557 508 2 B 45 i B L il HE AR 2
FT BEPE, InEEAT 50 N, #53E 300 t/min, fERFEE
4mm, BELNEAE 4mm B SiN FEER, SR 1hillE 1
WEERR R B, BRI RN 5 b, AR 1AM R 1
K SIN PR#Exk, AR ES 3 xillil. FIH FA2204B
R R -0 BT RSP R0 O TR SRS A R, FR 5 A T
SB-5200D AYj 5 I BeA I Vet 7 KL T

PSS 2 2H 65Mn M B IRFAS 5742 (110 mm*70 mmx
§mm), H 1 HAMKIRMMAEEE, F 1 4455 B
Rl %% Fe-Cr-C-V HEIEZ. RF B HI 0 LA B4R 56 4L
(HH5: Z1L-201520998176.0,21.201521030760.3) F4L)
AN bR TAEERE, @b R IR AL 47 4 1Y) B 451 o i
VRO B AT LR RAE 200 H. FKE 15%
HrybigEt, REGHLEE 45 t/min, WRIGIAE] 12 h, BESRT
Jei s AEACK AR e, TR R & .

2 ZEREHR

2.1 AREEEETSR

& 1a & 1b 4 5N Fe-Cr-C %M1 Fe-Cr-C-V & &4
eI EREIN RS ES . B 1 TR, HIEERE
LIRS, BA IR ILE IR, HEIEX
Sia X BIARX MBI E, TE45 6 X0 LUE B HEE
FEEEAMESZE, RMRGMIRELEG. Fe-Cr-C R4
BXNRAER— &R HR7 XY, 2Rk S
IEEMEBE RN . T Fe-Cr-C-V ARG AHAZEM
CHORY XK, 23 P XIFTRHE I AR,
KRB TRAKFHBEIER, 448X Cr/C LLIRE, i s
KR, [ FE S UL AR IS R .

a. Fe-Cr-CREAR Z B4R
a. Cross section morphology of
Fe-Cr-C surfacing layer

b. Fe-Cr-C-VRHER BRI AL
b. Cross section morphology of
Fe-Cr-C-V surfacing layer

B 1 0% EA AR & 52(65Mn A Ak)
Fig.1 Cross section morphology of surfacing layer
(65Mn substrate)



26 flk TR (http://www.tcsae.org)

2019 4F

2.2 REEMELR
K 2a. & 2b A Fe-Cr-C R & & HELRE X I4nii e
P, RIS Fe-Cr-C HEARJZ M5 B A 225 0 /S IIR
BEHAR S AR, /v An F4EL, EAE AR 9l
K o, EFHOIREE A RTL 200 gm) o FEZS O NILTE L
HAEE AR Z AU, LA WA EE, &8
AU B R AR B AR AR =Y, B 2¢y B 2d N
Fe-Cr-C-V RMEIEZ BALIES, WA S5 2] 04
B, BRIEA IR A S AR A, BRI T
SREAT A I ERIRBR ALY AR O S hdn R 2441
51 2a.2b AHLG, BE5ARRST BRI, 2575 10~20 um.
Fe-Cr-C-V RIRJE4 & X Mz 521 #0424 H BLUIR &
GAIY 3 7N E = R 01T I8 (11 8 - =8 (1 e < 01 I
AR ACIR AR, AR 7 1A R 22 AR, B
SERIR, WRACREETH LA AERE N HV, 51 700~1 900,
T A THT 1 S22 AR FE A HV 51 300~1 500, &A1 5E 7]
AR RAT R 3 0B TH AR SRR e R R TR, A R T3
o 2 AT P N R

"

a. Fe-Cr-CHE/R Z R B35
a. Microstructure of cross section of
Fe-Cr-C surfacing layer

b. Microstructure of
Fe-Cr-C surfacing layer

P A W &

SN NS WS U ]
c. Fe-Cr-C-VHEAR 2 4R WA &5 d. Fe-Cr-C-VHE(R 2 BAMssH

¢. Microstructure of cross section of d. Microstructure of
Fe-Cr-C-V surfacing layer Fe-Cr-C-V surfacing layer

B2 &aiFE Rt (65Mn K4k)
Fig.2 Microstructure of alloy surfacing layer (65Mn substrate)

2.3 AREYE

K 3y Fe-Cr-C %1 Fe-Cr-C-V ZHE/EEH] XRD ¥
MR . B 3a TLLEF] Fe-Cr-C A& /R EF 2
i o-Fe. Fe-Cr [E¥{A. M,C;([Fe,Cr],Cs). Cr,C; 411,
Horf M, C3 Hil Cr,Cy 2 32 B UM « CrCs 12 A 4 FQR R
AlIA HVgsl 700, HaAJETRJTER, 1 M;C; BAgE
ICBEE A3k HVs1 900, 2% TN Fe,Cs Ja T I
EALE B3, K] 3b N Fe-Cr-C-V RHEE BV M 45
R, TS REYN, HEEHHI T VC M, H MG
AIE AR EAE G BTN . SCRR[32)8F FLR I, V 5K
I RIC R, EEFET M,Cs BRI+ . i Bramfitt
HAiE, CHJes V IBRGRIE ST maE M ve P, ve
5 M;C; FIEETCFE R 8.6%, ik [ 2 7 m] AR N M,C; Y
AL BRI R, gifbdt R dlan.

10 000
9000
g 8000
£ 7000
% 6000
5000
4000
20 40 60 80 100 20 40 60 80 100
151 Diffration angle/(°) 7414 Diffration angle/(°)
a. Fe-Cr-CRE &R b. Fe-Cr-C-VR & &I
BXSEATSTE BXGEATSTE
a. X-ray diffraction pattern of b. X-ray diffraction pattern of
Fe-Cr-C alloy surfacing layer Fe-Cr-C-V alloy surfacing layer
B3 ) XRD 674t B
Fig.3 X-ray diffraction (XRD) spectrum of surfacing layer

e Fe-Cr ¢

2.4 RWMEBESH

Kl 4 4 65Mn X (840 Tk, 400 Ca[KALEE),
Fe-Cr-C &Ml Fe-Cr-C-V ZRHESRLF I8 T 2 A F 20 A
L 4 B iL: 65Mn B2 A ~PH5{E N HV| 5460, Fe-Cr-C
A4 | mm EHEIEE M 4E ICAE PN HV,5710, 10
Fe-Cr-C-V Z# &4 1 mm JEHEIEZ 145 AP EE A
HV(5810, Lt Fe-Cr-C R &2 L1 T HV,5100,
FIEE T i #Ab # 65Mn 4N, ZERIEEIRTE T 75%.
Fe-Cr-C-V ZRIRE L Fe-Cr-C RI%ZHA W s, H
TEWREREA AR 5), (R B TIRE R 77
A A B R RS AR, AR A — 8, X U B
JRARTE 1R 2 A AR SR EL AT 16 B AR A VO A AR = P
JRARB), A I HV, 52 800, VC HIATHLAEH
PErm TR 2 IR AR

10001 _, pe-Cr-C-V%JR Fe-Cr-C-V coating

—e— Fe-Cr-C¥:JZ Fe-Cr-C coating
—— 65 Mn

®© O
(=2 =1
(=T =]

SRR
Vickers hardness/HV s
~
(=3
(=]

600
500
400
300 : : : :
0 0.5 1.0 15 2.0
B R

Distance from surface to specimen/mm

B4 KBRS

Fig.4 Cross section hardness distribution of specimen

2.5 THEMDH

K 5 A 65Mn #HAEHEHR{F. Fe-Cr-C RMESEIRM K
Fe-Cr-C-V ZHEFERAEAE HSR-2M HU4E 53 20 B 42 B 45 1R 06
BL IR B Ak . FH P S WA, 65Mn iR (1 BE
FUHHEL N 6 mgh, BEEFUEEEN. BHUERATEE, 4h
DL N SUR BRI B, T Fe-Cr-C-V RHESR 2 [ BE 5
FZIN 2 mg/h, BARKRYE Fe-Cr-C-V R 542 I BE 35 5 &
FHEE 65Mn 4MBFAK T4 67%. Fe-Cr-C &A1 Fe-Cr-C-V %
HE 5 TR BE A AT, {H Fe-Cr-C-V ZHESE 2 1 BE 5 0 8 5
N, B AR, BAEN RN EERE. X
RN 65Mn Bk FIREC AR AL YRR ST AH A2 2 T Bt
B BEAE T, 10 Fe S44HR ) 14 AH SRR AL 0 465
e, ZEAHEAEH LRI R T IRIE B B RE .
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351 —=—65Mn
| —e— Fe-Cr-C# 2 Fe-Cr-C coating
—— Fe-Cr-C-Vi& 2 Fe-Cr-C-V coating

15 -

B! f&d&fﬁ;;ﬁﬁj
0 1 2 3 4 s
MisRA E] Test time/h
B 5 XA EAR R & A
Fig.5 Contrast of wear loss of specimen
Kl 6 Frs bRt LSt B S . I 6
AL, FCHENE 2 1K) 65Mn 0 P 4507 H, S A 7 EEE AT
RUNITE (BUREN 54.6 g): IMiiHl & Fe-Cr-C-V
HEARJZ AR SR A B AR T DG v, o L™ L ) B JR AT HE
FRERIEIGR (BERTERN 12 ), SHIRET ML,
FEAR B T 78%. LT, Fe-Cr-C-V HEIE R AAT
SN R AT B 1 R

BRI i Wear loss/mg

W

a. WZHE

a. Coated sample

b. 65MnikHE
b. 65Mn sample

B 6 LARBEHRRERRFF RN
Fig.6 Deep-shovel tip morphology after soil wear test

2.6 MEEMEST

| 7 9 Fe-Cr-C &AM Fe-Cr-C-V RHEIE A G rhiipIvE
MR 25 R, Fe-Cr-C R A -F b ETI N
6.2 J/em?®, i Fe-Cr-C-V ZRUEWESEHIF X gvE N
7.5 Jlem®, 5 Fe-Cr-C RE&AM, Fe-Cr-C-V RE £
MRS T 21%. RS S A
WAL MG, Fe-Cr-C &4 P RALy) 2 MR
REE, XHARMFIZAER IO E, E20 ERIW AR
EHITFRAFTERY, M Fe-Cr-C-V RS SV BN Hr
HAH/INE IR VC, B ROEFEE I ) C 5, EERyE
A ZIREE . KK

10
—s=— Fe-Cr-Cif4 Fe-Cr-C specimen

—eo— Fe-Cr-C-Vidf4 Fe-Cr-C-V specimen

o
T

oo
T

>

W
Impact toughness/(J-cm™)
~

W
T

IS

2
R4S Specimen No.
B 7 AEwENXE

Fig.7 Impact toughness test results

3 HENRESERI T

HY 60 3t 60Si2Mn #4J5 ) 245 Jiehk ] (840 ‘C¥EK.
400 Clalk), Horr 30 R ASGRIE 7 ik H )50
#% 1.5 mm JEHERE . ¥ 60 HUBERHIEE . FRE S
STAELAETE IGKN-220 BUFERINL I, R4 T B0 X
G2 RHREAMATHEEERE . B I5nE 8 Fis,
SAENVTEAR 23.3 hm?, MU RTHERE 4~5 km/h, 34k
JONRDE L, EIKE 18%.

B8 wiaikik
Fig.8 Field test

P 9 Syl JT a2 TS e, I 9wl
RHESF Fe-Cr-C-V IR 2 HIBER J1, £EIEVITI AL TIARAZ
DA H B B R, HLT) 0B TR E, T AR
BEITI)EHESR IR R B BN e 0, AR ™ B R IR IR
FIVE o XFTA T RGeS R T JE MRS, I T2 B 5
JREN 60 g, WRIZTITFRIBEAREN 32 g0 HTREY
IAHEE, PESRBERD T 50%. 75 H RS R iR 2
TVE AT BT IR A

a. TR
a. Without surfacing layer

b. AR
b. With surfacing layer

B9 wirRXieE 7] LM
Fig.9 Blades morphology after field test

4 & ®

1) Fe-Cr-C-V & 7 UM Z 5EAK R RIFHIH &4
&, WIRETLAIL., REEE. HIRZFEEH MG
([Fe,Cr];C3)~ CrsCs. a-Fe. Fe-Cr. VC ZE4IAHAL .

2) 5 Fe-Cr-C HEJE Z AL, Fe-Cr-C-V HE4E 2 B 14
U manth, REEENGIN, B, HAEAEMRR
FIr e I o TR AR AR . SR B AT BA S VIC BT AR HY
PURHESR Zomf ) B EEH, M L R T
2B 9 . Fe-Cr-C HEMR 1 -1 A HV,5710,
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M HIE 6.2 Jem?; Fe-Cr-C-V HE/E E K38 HV,5810,
MEEIEE 7.5 Jem?, Fe-Cr-C-V HEIE 2 ELA 5 Ak B i
PR e AR e

5% A 65Mn. 60Si2Mn A4 i [ e #k T AL,
Fe-Cr-C-V HEIR 2 BT T BE R R AT, 456 12 el
B, AR HESE Fe-Cr-C-V 42 2 i e b JT i BE 1
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Fe-Cr-C-V plasma surfacing layer improving wear resistance and impact
toughness of rotary blade

Hao Jianjun, Yang Zeyu, Ma Luping, Zhao Jianguo, Liu Jingchun
(College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071001, China)

Abstract: In order to solve the problems of poor wear resistance and frequent failure of agricultural machinery contact soil
components, Fe-Cr-C-V plasma surfacing layer was prepared on 65Mn steel matrix by plasma surfacing welding technology.
Microstructure and phase composition of surfacing layer were analyzed by means of metallographic microscope and X-ray
diffraction. Microhardness, wear resistance and impact toughness of surfacing layer were analyzed by means of microhardness
tester, reciprocating friction and wear tester, self-made soil-bin wear tester and impact testing machine. The results showed that
the cross-section of the surfacing welding specimen showed surfacing region, bonding region and substrate region, the
substrate and coating diffused with each other, showing good metallurgical bonding, the coating dilution rate was low, and
there were no defects such as porosity and slag inclusion. Fe-Cr-C-V series surfacing layer was mainly composed of
a-Fe,Cr;C;,M;Cs([Fe,Cr],C;), Fe-Cr solid solution, VC, etc. The microstructure and hard phase morphology of Fe-Cr-C-V
surfacing layer were improved. In addition to the original coniferous and hexagonal primary carbides, the dispersed spherical
carbides, columnar crystals also appeared. Composed with 65Mn hardened steel, the Vickers hardness of Fe-Cr-C-V series
alloy layer was improved by 75% and the wear quality was reduced by about 67%. Compared with Fe-Cr-C series alloy,
Fe-Cr-C-V series alloy had finer microstructure, higher hardness, lower wear and better impact toughness. Fe-Cr-C-V
surfacing layer had smaller wear quality, more stable wear curve and better wear resistance, this is because that the carbide
hard phase dispersed on 65Mn matrix play the role of anti-wear skeleton, while the toughness phase in Fe matrix bonds and
solidified the carbide, and the 2 interactions jointly improved the wear resistance of the coating. The refinement and dispersion
of hard phase and the appearance of new VC phase were the main reasons for the coating strengthening, while the carbide
morphology improved the impact toughness of the coating. The average hardness and impact toughness of Fe-Cr-C alloy were
HV,5710 and 6.2 J/em® respectively. The average hardness of Fe-Cr-C-V series alloy layer was HV, 5810, and the impact
toughness was 7.5 J/em®. Fe-Cr-C-V series alloy layer had better wear resistance and impact toughness. Compared with the
commonly used 65Mn subsoiler tip, the wear quality of subsoiler tip with surfacing layer was reduced by 78%. Field
experiments showed that the average wear quality of the rotary blade with surfacing layer was reduced by about 50%
compared with the conventional 60Si2Mn rotary blade without surfacing layer. For the rotary blades without Fe-Cr-C-V
surfacing layer, there were obvious wear marks in the intersection area between the cutting edge and the side cutting edge, and
the blade passivation was serious, while the surfacing layer on the blade of the rotary blade with surfacing layer remained
relatively intact, without serious wear and coating peeling. The average wear quality of rotary blade with surfacing layer was
32 g, and that of ordinary rotary blade without surfacing layer was 60 g. The hardness phase of Fe-Cr-C-V coating studied was
uniformly distributed and there was no obvious hardness gradient, which has important reference value for extending the life of
soil contact parts of agricultural machinery. In addition, plasma surfacing welding technology was used to prepare Fe-Cr-C-V
series wear-resisting coating on the surface of the soil contact parts of agricultural machinery, which has low cost, high
efficiency, flexible and convenient technology and high application and promotion value. Compared with the commonly used
rotary blades with 65Mn and 60Si2Mn materials, the rotary blades with Fe-Cr-C-V surfacing layer has good wear resistance
and excellent comprehensive mechanical properties.

Keywords: composite coatings; microstructure; plasmas; rotary blade; Fe-Cr-C-V surfacing layer; wear resistance; impact
toughness



