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KE#J] Fe/WC/CeO, HF B FHIREHIF L HAB A4 RE
MmEE Y, EEE, #EE Y, REE Y, &Y, BREke

HE S, @M 0730005 4. ILARBHGAM BRI HRAR, #¥ 2610000

O B AR R B R 2 . M IR S B B RPN, SR THARRORTE Q235
WA L RINH] % T Fe/WC/CeO, &JRMIER BIRIZ, M1 T CeO, 5t Fe/WC/CeO, 4B EE Ak Z R RZMT K H ATk
ZERNLE . DAHEIR . MEEEE . R R, MRS ARG R, BIRENENIEE, @it ER R T
Fe/WC/CeO, 5B FHESRE M & LE S HEIRHRIR S0 A, HEIRIEE 5 mm, HEMERE 15 cnvmin, ERIHEE 25 g/min. FIH
R B, X BHRATIMN. BEREAX T T HEIE R A WAL, SRR R BB T BRI L. v
AHRIEHL EAERIS & SENR T HERE DR . T B AN, AR AR RS AT T MR E I . 45 SRR
W, HIRE S5 AR RIFIA S S, WETEA AR KPR, BRIR. SRS HS MK, HEIEZ EZEH y-Fe. Fe-Cr-Ni
VA . WC. M;Csy CryCss CrpsCon WoC ZEWIAHA K. 5 Fe/WC HESEZEAH L, Fe/WC/CeO, HE L Z - 15 B AWh BE H w5 22%,
PRI R 29%. ARG S HERIER B, 5 65Mn JEHEJIAHLL, Fe/WC/CeO, HEARZ HER T] I BE I8 40 I B 71%F0
65%; Y Fe/WC HEARZTEM TIALL, Fe/WC/CeO, HESEZHER T BB T 43 Bl PR 17%F1 15%. Fe/WC/CeO, IR ZHAE
RO ES . WA pp oo G PERE, TRUAE RN ALEE . SRR AR i R AR S
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1.1 RIEHH
FAE N 100 mmx40 mmx10 mm ] Q235 40, HEIEH)
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AN B FMRIRHEAT BRA R AP AL 99.5%, KL
739 48~100 pm 5 45~100 gm ] FJ-19 Fl NiWC #3
K, RS HRINE 1. S0EEHN 99.99%, KR 15~
20 um [y CeO By B BHTAT (AL BHEAIR AR £

®1 HEBRUERSRRESH

Table 1 Chemical composition and mass fraction of
surfacing powder
%4 Composition FJ-19 NiwC
C 3.6 0.5~1.1
B 1.9 3.0~4.5
Si 34 3.5~55
Ni 53 Bal.
Cr 31 15~20
Fe Bal. <10
wC - 35

RE AR T CeO, & EXTREHL MR A BE 7
M. CeO, ¥ i A/IN, HENGEHE R 55 B 1 3 T+ R A 1
i, 1M CeO, Braid wmr, W PRI IR I AR P AR s 4
JERIAE, R E B AT S BRI
YR 2 | B PR AT 2T AT e R
ST T HESE ] % Fe/WC/CeO, I, CeO, i &40 B 3%,
CeO, XT3 Fe/WC HEREZ I BE M R AR (il 1 .

JE 5 it Wear loss/mg

CeO, 7 F:CeO, contents/%

A1 CeO,4F3F Fe/WC/CeO, 317 2 415 49 %
Fig.1 Effect of CeO, content on wear loss of Fe/WC/CeO,
surfacing layer

S M ORI SR 45 A AT PR IG 45 1, AWER
TR FH HE P K 20 5145 70%ET-19+30%NiWC L 67%FJ-19+
30%NiWC+3%CeO, il . G ¥ AR 7 HH QM-3SP2 Y
TR ATKEBEVIREB RS . BKE T2 2% 3 200 r/min,
FREEIFA] 8 h, EREIEL 7 01, BEERM R EALES .

1.2 BERIZBHIEE

KH GP-1 WEHEHLAT Q235 44 F 100 mm>40 mm 1T
— AT AL TR, WD T2 S50 Wb /7 0.7 MPa,
G16 Wy, Wiabfh 75°, WIRPEEES 100 mm. WiRb5EE)E
FH R R 5 e DA 5 B il R R T i 2 R S i, B e 5E
SRR, .

SR TR TZSH0h, HEERR. MR, &
TR HEAREE B AR 2 BB E R R,
T2 HUERA Y2 F RS RIS A R 8 BEAF
fb, HEIEZ R 2, HESEZ B T REAR 22 .

KH DML-V02BD %55 HESEHL (B 1< 1.5 L/min,

WX 2.5 L/min, #3775 0.5 L/min, HEFE A 90° +5° )
TE 2 32T PACFL G 1 2 3R 2 18 20 791 1) 4% Fe/WC.
Fe/WC/CeO, 2555 T-HE/L 2 . K HSR-2M BUf 42 50 e
BRI AT LR HE I 2 i B, R FA2204B 7 i1 43
TRk B B0 i (LR R 3 0K, 45 RECPIMED .
DAMEAR ERIR . HMESRIREE . RN HMEARIE B A G A
7, HEIR 2 B AR RN VP FR AR, SRA PO R 3R = K°F Ly (3
IERZRIGAACHESE T 225, RI\BABI2ME & v
JaE, WK RS KPR ILE 2,

2 WMEERSKE
Table 2 Test factors and levels

g MR M AR R Y
KF . . i
Levels Welding Weldmg' 1 Power traqsp?rt 'We ding
current/A  speed/(cm'min”) rate/(g-min") distance/mm
40 10 15 5
2 50 15 20 10
3 60 20 25 15

1.3 MER
IEAZRIG 25 R W 22 b W& 3, 5 2250 H WLk 4.

x3 EXRWERRREDH
Table 3 Orthogonal experiment results and range analysis
e ey e SR HEKR JE A
EEJ;:: f&/k;ﬁlﬁ Power g ZF]  Wear loss/mg
%5 No. Welding speedg transport Welding Empty ™

current/A /(cm-min™) rate distance [OW  Fe/WC
/(gmin”)  /mm

Fe/WC/
CeOz

1 40 10 15 5 1 17.39 15.68
2 40 10 15 5 2 17.14 16.22
3 40 10 15 5 3 18.21 15.14
4 40 15 20 10 1 19.37 16.42
5 40 15 20 10 2 19.64 16.73
6 40 15 20 10 3 20.11 17.12
7 40 20 25 15 1 21.21 18.51
8 40 20 25 15 2 20.14 17.94
9 40 20 25 15 3 21.37 18.75
10 50 10 20 15 1 15.18 12.56
11 50 10 20 15 2 1642 13.14
12 50 10 20 15 3 16.59 13.25
13 50 15 25 5 1 1294 11.44
14 50 15 25 5 2 13.67 10.81
15 50 15 25 5 3 13.26 10.94
16 50 20 15 10 1 15.87 12.24
17 50 20 15 10 2 17.22 1341
18 50 20 15 10 3 16.89 13.36
19 60 10 25 10 1 2023 17.12
20 60 10 25 10 2 20.11 16.94
21 60 10 25 10 3 21.06 17.21
22 60 15 15 15 1 18.17 15.77
23 60 15 15 15 2 19.17 16.32
24 60 15 15 15 3 18.36 16.54
25 60 20 20 5 1 18.54 16.34
26 60 20 20 5 2 19.73 16.11
27 60 20 20 5 3 19.64 15.94
ky 174.58 162.33 15842  150.52
Fe/WC ke, 138.04 154.69 165.22  170.50

ks 17501  170.61  163.99 166.61
R 4.108 1769  0.7556  2.22
ko 15251 13726 13468 128.62
Fe/WC/ k, 111.15  132.09  137.61 140.55
CeO2 f, 14829 142.6 139.66 142.78
R 459 1.168 055  1.573




5524 1 FEEZEE: ERET] Fe/WC/CeO, 2585 1 HEME 21 4% X HL 4 40k g 3
R4 HEDW BT MR E MBI R E . SRS B E R DR
Table 4 Analysis of variance FEEA T ESHAE N HEIEHER 50 A, HEIREE 5 mm,
3 o JIECEAR S TR PR MRS IE 15 om/min, JE B K 25 gimin. SR
Ttems Source of variance freedom squares square values values DML-V02BD % _‘P‘qj FHENL L IR E L L2 S50 &%
Wﬁi'i%ﬁem 2 100.079 50.040 144.758 <0.01 FE/WC\ Fe/WC/CeO, HEMRZ, FFRTHENR ZH LU 5 PERES
2L //fj‘éj\*ﬁo
Welding spocd 2 14088 7.004 20377 <0.01 ‘
- 2 HEIRELHA
FEWC  pouer transport rate 2 2918 1459 4220 <0.05 . .
SERREE 2 24934 12467 36.066 <0.01 2 iEkF;MﬁﬁHé\
Welding distance ' ' ' ' Kl 2 HESEZ 4 8 (Scanning Electron Microscopes
7% Pure error 18 6222 0346 SEMD JESL. il 2a. 2b W LLEH, HEARJZ AR ENT,
B Cor total 26 148241 TS ROERRE, HERE SRR A X 5
Weﬁ{iﬁ’lm 2 115.105 57.553 347.648 <0.01 o, UHHEIRE SRR EBER R T RIFNG &4 5.
SERREL 2 6137 3.069 18.536 <0.01 5 Fe/WC f@%)%*ﬁ FL, Fe/WC/CeO, HEAR 2 b £ (X HbAY
Welding speed IJLI,T wC ﬁ*ﬁy %EH CCOz E‘”%'pﬁﬁzﬁﬁ ﬁ”ﬁ WC %ﬁﬁfﬁﬁ
Fge"é’)f/ Poweiiﬁﬁi e 2 1392 0.696 4205 <0.05 iR I HEIR E 10 4%, T%Eﬁﬁ)%%%%ﬂ (R
SRR 2 12882 6441 38.906 <0.01 AN e i
Welding distance ' ' ' ' AR KRR, BRR, ERUAH RSTHER (AR 5T AH
%3 Pure error 18 2980 0.166 Alik 200 pm) HArAiZcdl; 5 Fe/WC HEMEJZAHLEL,
S A Cor total 26 138.496

e P<0.01 (B3 ; 0.01<P<0.05 (£F) ; P>0.05 C(RhEFE) .
Note: P<0.01 (very significance), 0.01<P<0.05 (significance) P>0.05 (no
significance).

HIE 3 AIR, A DR ZO HESR R B0 R 5 3 AR
FE¥I0: MEMR V. HEJREER . HESRHFT. ShdEE.
HIZE 4 TIR0, HESRRU. MEREE. RnE A, HERER

HEPR IR HEWRZ
Coating area Coating area g
& WCHBHL
pEAT Dk WC particle
Binding area A X b
Binding area

s

~

Hefh TN

Substrate 100 gm Substrate
—

a Fe/WC HEJ7 R ATH b. Fe/WC/CeO, HE1E E i1
a. Cross section of Fe/WC surfacing b. Cross section of Fe/WC/CeO,
layer surfacing layer

Fe/WC/CeO, HENRE 2 FR AT WA o A R SF B8k (R
25100 um) HEVREAG, M EAER. KR,
BRIRS SR W LAY CeOy AU AT AE4E 1 11
WC ZEARIEBORLRS [ eI 210 %%, R, BRI 44k ik
A im It , A ISR FE A A AR 2 R AR 40 /N B
SREL ST o

N L

% Hexagon
Stomatal 20 | pm o 20

e

ik

Long rod

fa IR

* Herringbon e\

100 ym
—

¢ 100 ym
—

c. Fe/WC HEfR 2R TH
c. Surface of Fe/WC surfacing layer

d. Fe/WC/CeO, HE4R 2 R T
d. Surface of Fe/WC/CeO,
surfacing layer

B2 3fI%&SEM H
Fig.2 SEM morphology of surfacing layer

2.2 HEEEYIE

3 RMERE X SZATHTE (X-Ray Diffraction,
XRD) . 1 3 AT WL, Fe/WC HE4E 2 = E i y-Fe. Fe-Cr-Ni
VA K2 WC. M;Cs. CryCsa CrasCo Z5EB AL MG J5 AR ZH
. 5 Fe/WC FLL, Fe/WC/CeO, HEFEZ i it Ak 4 5 [
VARG B n, 1588 CeO, A BT BRALYHS hn A0 [ 7%
PEHTH o 7340, Fe/WC/CeO, HEE Z HHIIL T W,C BT AH,
KT CeO, I HEIEZ i WC R AR LR, 43 AfFE %
W,C. s PDF (Powder Diffraction File) bt} k&
I Fe/WC/CeO, HEIR 2 HIIARAT ST IE A B 55 mHe , 1X/2&
TS T R ] B AR R B e A
Fr AR AR IS T U R A T S

CeO, IR, £ Fe/WC/CeO, HEJEJZ XRD H
KK CeO, iTiMIE. Fit—H 50 CeO, MR ZHLN

20, % EDS 43 HT Fe/WC/CeO, /R JZ im0 A (i
4) . HE 4 JUUEH, YRR W iR S ER S,
A RE N AR WC Bk . Niv WL Ce JTGEIA], i CeO,

BV T ML 2 o 4 LS R ) T
«y-Fe
~300 “Feceni 300 :
3250 “WC 3250
2200 gj‘ccf _jzgzoo
2150 MC, 2150 :
5100 Z100) I
H 50 & 50 u sk
0

40 60 80 100
741 2 Theta/(°)

a. Fe/WC HEfR )2 b. Fe/WC/CeO, HER 2
a. Fe/WC surfacing layer b. Fe/WC/CeO; surfacing layer

A3 IR X HEATHE
Fig.3 X-ray diffraction of surfacing layer
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50 um
—

a. FREVEH
a. Scan range

b. Ni BE&
b. Ni element

50 pm
—

50 zm
——

c. WILH d.Ce TH&
c. W element d. Ce element
B 4 Fe/WC/CeO, )7 & EDS #tit
Fig.4 EDS spectrum of Fe/WC/CeO, surfacing layer

3 WREMEE
3.1 WERERMERE

FIH MH-6 4 [ AAE FE O Fe/WC. Fe/WC/CeO,
TR T AR R o KA, RIS ER A 0.5 kg, INERE ]
15s, MAURFEESL 3K, 4RICFE. B 5 Al
T S5 A S 2

1000 - —u— Fe/WC

*— Fe/WC/CeO,
900

3
f=3
(=}

700

.
L —
. m"—W

600 AN

500 A\

a00 | AR \\ | 24k

300 L Welding area \\| Substrate
A

200 é’i‘n‘dm&g L e

100 | area

1A 8 Microhardness/HV, 5

0 04 08 12 16 20 24
PR 2T BE 25
Distance from surface to specimen/mm
B 5 REEFE AR LR E ST
Fig.5 Cross section microhardness distribution of specimens with
different surfacing layers

HE 5 A%, Fe/WC. Fe/WC/CeO, Hit5 2 i i i
PRI TR S Kea IR E N S Pl Nyl (1 [BE T K (A
Fe/WC/CeO, HEJR 23 BARME L (HV,5870) # Fe/WC
HEIE 2RI (HV)s710) 25T 22%. CeO, fHHfEfE
JZ WC 58 FN Cry3Con M Cs 2505 JFUH 1K 7 A1 3 &),
T3 o T MR 2 I S AR P o 5 A AR 0 2 T S ok % 11
Fe-Cr-C-V HE/R 2 (HV,810) BIHHLEL, Fe/WC/CeO, HifE
SRR T 7%

3.2 EEEMEMY

A H HSR-2M Y £ & o B 52 B Bk 3 HL, Wik
Fe/WC. Fe/WC/CeO, HEJR |7 BE 45 5 JL PEAE R4 S &
MR, N ER AR SO N,/ E HH B 4 mm, BEERN EH A% 6 mm

(1) SisN, PEZEER, WRIGHE 5 h, WP AE 1h FIA
FA2204B BT R CHEFERN 0.1 mg) B —IREf R,
BANMRFEEL 3 W, SRICEIME: B R B ]
60 min, FARMRASHS B ENAAE .
.21 BHE

WA EE 6 Fiax. HE 6 /N, Fe/WC ikt
BESEN 1294 mg, Fe/WC/CeO, i1 & BE 7 & A
10.81 mg, Fe/WC/CeO, il sl B &4 Fe/WC [#(K T
16%.

20
—® Fe/WC
—eo— Fe/WC/CeO,
w 15}
£
é /.
§ 10} . /‘
| ] ?
/ ¢
=
0 1

i N s
RS [ Test time/h

B6 FEMFERMFERE

Fig.6 Wear loss of specimens with different surfacing layers
3.2.0 BHEAHK

B 7 ik R R TR AR A B 7 R,

Fe/WC HEMR 2 T35 BEHE RHCH 0.56, Fe/WC/CeO, HENE
SRR R ECH 0.45. 5 Fe/WC HEIRZ A LL, Fe/WC/CeO,
HEAR R PR R BCRACTE BB, Bt & mAase, H
A AL R AT BE 1 BE - CeO, # i 1 HEMR Z Jar it b int sk,
fer T HESR ZBOR I, SO HEIR R RIAERE, KT
HE IR 2 R R B2,

0.7r

ﬁ ” ”W"MWFW Fe/WC

‘ m ""W‘ RWMWW Fe/WC/CeO,

o o
n (=)

JEE 12 2 K Coefficient of friction
(=3
=

e
(%)

10 20 30 40 50 60
48 B 7] t/min
B 7 AR R R R 1 24
Fig.7 Friction coefficient of specimens with different surfacing
layers varies with time

SIHTINAL, NI CeO, B 58 4LH, $m T it
WA SRR, — 77 H AT G 1 Sk 78 i
BN E AT e a4 iR, B THE
AT 2 fiA HE PR DG T — PR A 20 A N &R, T
PR/ INHER L ] s CeO, FILRAK Stk AT VAL &
YEFH, AIE3E WC. M;Csy CrasCo 2505 5 M BURL AL HESE 2
W B LR B A, AT A AR R B PR AT
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WL FE#tT] Fe/WC/CeO, 25 B 1 HE R 2 i 48 M HH Mk 5

TR s RTARDREE /N, BEER R HUN . T M.
3.3 HIREAHIHFIM

Kl FH JB-300B AY i iy K 58 AL W K Fe/WC .
Fe/WC/CeO, HEJE Zph it . B E NS, phfige
=150 J, $REEHIA 1500, $BEEEEAE 750 mm, il
£ 5.2 m/s, BEFHEIRER 3 AR

8 JiR M W MR 25 S . f &l 8 TI AT, Fe/WC
WP E B2 6.1 J/em?, Fe/WC/CeO, HELR
LN 7.9 Tiem? . 5 Fe/WC HE/E Z A L Fe/WC/CeO,
YR Z MR T 29%. CeO, ENFEtICR, W
Rk L, AEMEIRE T WC BUR R 9REU AT, R AR
PASTE R = A AL HERRPS O, A 2Bk S AR 2 AT vhili 1o
YER RPeAmIN e . BhAh, HEIEE Tl anib ) sk
TERCEED AT T, 7R3t 5 X R LM WC Bk,
RIS RSO Y R, SURRAy RN, WInRAy R
B2, MIMEEE T Fe/WC/CeO, IR 2RI, 54
TR BT 1) £ 1 Fe-Cr-C-V 2 (7.5 J/em®) BUHLEL,
Fe/WC/CeO, HEJE ZE i pIvE e R T 7%,

—_
(=)
1

. [ JFerwC
5 V) Fe/WC/CeO,
&
gst
=l
=
Y
2
5
g6
E
H
B
RE!
E 4+
1 2 3

X {4 43 41 Specimen grouping

B8 i E kg R
Fig.8 Test results of impact toughness of specimens

3.4 MIREM MM

FIH CS350 AUraAL S TAERE I Fe/WC. Fe/WC/
CeO, HES 2 1 Bk AR Ak 2 Sk RAFHEIR E i it . I
I, SR R Ak, AR A, T
VEHAR A Z R THAN 1 em® (OARE, oA XS8R FH R S8 i
HHATEE, FAFEZE 1 mV/is, SIFEN 5 Hz.

9 24 Fe/WC.Fe/WC/CeO, ik F 3l A il Ak T 28 1]
H1 1 9 AT 01, Fe/WC i JE i LA 9-0.54 V, Fe/WC/CeO,
B Il B -0.46 V, Fe/WC/CeO, HiHE 2 85 it B fir B
KT Fe/WC HENRIZ, 5ol A7 b R 13 B AR JE ok o)
FERRR, 52 B JE i &N, A G2 g . 50 CeO,
FIHESRZAH L, RIS CeO, HEMREZFLIRIRZ, FLBR)E
FEAE—E TR YT . SRR i M HERRAEALRR 1, SR M
BENSERR, TSR RIS B b 78, NI 4% N 42 5Pl
TR T — AN /I8 B AR K BA AR 1) ot it B, SRR FL Y
4 BEFEL M, FLBRARRM, (21 Cl Bt — P4k
BUNER, BT B ERRBRIGIER, & s B R R,
if JE3 PP BE PG . CeO, HIR TR iRy 1 HENR )2 B b i
B S RGO G5 1, SR EIR B BUE M, FRAC T 4%

BRGS0 R R, > BRI Rl S v T HERR R
MR JE3 Tk P RE o

1.0 -

—>—Fe/WC/CeO,
——Fe/WC

o
[

e
<)

J3vt H1 £ Corrosion potential/V
5 &

ST 5 4 3 2
Ji4/nlt B 98 % i Corrosion current density/(A-cm?)
B9 SEIFES ALt K,

Fig.9 Zeta polarization curves of surfacing layer

-7

4 HEREFERMEITFMN
4.1 1EfLe

FIH B AL A EE R RIS & Gl 10D X
b 4550 T HE4R Fe/WC. Fe/WC/CeO, it 715 65Mn jigih
JI T B

B 10 :AREEERAL S
Fig.10 Soil groove friction and wear test bench

RIS, L 40 72 65Mn (840°C V4K, 540°C[A]K)
1T RERE T RN 258 1 HESRE Fe/WC/CeO, ERF 71, 43 5 ¥k (
W& 8 ) MREJE B IAERIOHL Lo RIGHL AL
B 60 r/min, JEHFTIFEIFE AR 110 om. ESLSH 24 h 5
¥ 16 HEHEHITHCR, ikt E R HERE ACS Tkit
BAE (15 kgl0.1 g) FriE. ZJEFFRHL 40 05 2 FHER
Fe/WC Jight /] 55 & FHEIE Fe/WC/CeO, et TR &5
a5 5 K CRRRE 8 4 S Ie/iikibnl FE S Fikik
5. S5 EH], Fe/WC/CeO, HEIE JZTEHt J1 I -2 BE 5
(14.8 g) 5 65Mn Jighf 7] B & (52.3 @) FRIKZT 71%,
B Fe/WC HEIRETEH TP E (17.8 ) FBIKT
17%.

4.2 HIERE

%HY 160 " 65Mn (840 ‘C¥Ek, 540 Clalk) #4J5i
IERET] . 258 1 HESE Fe/WC/CeO, iERET1, REJF 5
R CRER 32 8) FRE G383 (E 1GKN-220 AYJieslt
ML CREREETE 64 1) BHEATHIANALS Canld 11D, &k
PRV 21.4 hm? J&, BUR I3 00 e TE FrE it
R ECPIE . SRE TSI 160 41 Fe/WC HEAR E st
JJ Fe/WC/CeO, HENRE HERt T4 M8 3k 773047 H ()3
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L SR N = L s O [ RO N L ] o o/ AP N S P W
e, PLEFTIEESE 4~5 knv/h, HIEMEFCOARMEE AL, +
IR SIRE 308.82 kg/em?®, TIEEIKE 19%.

A1l iR
Fig.11 Field test

12 4y I [R5 5T J5 1) T LS55, Fe/WC HEXE
JZIEMFT]YE Fe/WC/CeO, HENRJZ et 7] B4 T35 TG B it
ZEH. B 12 T, 65Mn JiEHETT Y )i IR S
R B0 Fe/WC/CeO, HEIRJZ R TR T, KK
BRI, HEBEZ TR IR . Fe/WC/CeO, HEME 2 iEH
TR (25 ¢) % 65Mn el 1 (71 g) AHELIE(E
T 65%, % Fe/WC HEMRZHERE TP BEHR & (29.5 )
FEAR T 15% WS INTET CeO, 41 1 HEIR E S & B s tE,
BRAR TR AL G E W, AHEARZ AR A 2
5], WIS T Fe/WC/CeO, HEfR ekt JIT BE LR .

b. L% AT Fe/WC/CeO, HESGZ
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Preparation and microstructure properties of Fe/WC/CeQO, plasma
surfacing layer for rotary blades

Hao Jianjun'??, Zhan Zhiguo!, Hou Junying'?, Zhao Jianguo'??, Liu Jingchun'?, Yin Changfeng®
(1. College of Mechatronical and Electrical Engineering, Hebei Agricultural University, Baoding 071001, China; 2. Technology Innovation

Center of Intelligent Agricultural Equipment, Hebei Provincial, Baoding 071001, China; 3. Key Laboratory of Cutting Tools for Agricultural
Machinery, Hebei Provincial, Dingzhou 073000, China; 4. Shandong Xutuo New Material Technology Co., LTD., Weifang 261000, China)

Abstract: This study aims to improve the wear resistance, impact toughness, and free of frequent failure of contacting parts
with soil in the agricultural machinery. A Fe/WC/CeQO, ceramic composite coating was prepared on the Q235 steel substrate by
plasma surfacing technology. An analysis was also made to clarify the influence of the CeO, compound on the wear resistance
of Fe/WC cermet composite coating and the action mechanism. An orthogonal test was used to optimize the preparation
process parameters of the Fe/WC/CeO, plasma surfacing layer, where the surfacing current, surfacing speed, powder feeding
rate, and powder feeding distance were taken as the test factors and the wear quality as the evaluation index. Specifically, the
welding current was 50 A, welding distance 5 mm, welding speed 15 cm/min, and power transport rate 25 g/min. The
microstructure and phase composition of the surfacing layer were characterized by a scanning electron microscope, energy
dispersive spectrometer (EDS), and X-ray diffractometer (XRD). The results showed that there was an outstanding interface
between the surfacing layer and the matrix bonding zone, indicating that the surfacing layer and matrix permeated each other
to form an excellent metallurgical bonding. The size of the hard phase in the surfacing layer decreased outstandingly in
presence of a dispersion distribution, particularly with the shape like a fishbone, long rod, ball, and hexagonal. The surfacing
layer was composed of y-Fe, Fe-Cr-Ni solid solution, WC, M;C3, Cr;Cs, Cr3Cq, and W,C. The carbide hard phase (such as
WC, Cr;C;, and Cr,3Cs) was effectively improved the hardness and wear resistance of the surfacing layer. In addition, the
addition of CeO, decarbonized the WC hard phase to form W,C hard phase for better wear resistance. The Vickers
microhardness tester, friction and wear testing machine and impact testing machine were used to measure the microhardness,
wear resistance, and impact toughness of the surfacing layer. The corrosion resistance was also analyzed by an electrochemical
workstation. It was found that there was a uniform distribution of microhardness with a gradual decrease from the coating to
substrate along the section of the surfacing layer. The average microhardness of the Fe/WC/CeQ, surfacing layer (HVs870)
was much higher, indicating less wear quality, smaller friction coefficient, and better wear resistance, compared with the
Fe/WC (HV,5710). The reason was that the CeO, phase was evenly distributed to enhance the anti-wear properties, due to the
refined hard phase, such as WC, M;C;, and Cry;Cs in the surfacing layer. The impact toughness values of Fe/WC and
Fe/WC/CeO, surfacing layers were about 6.1 J/cm® and 7.9 J/cm?, respectively. The average microhardness, impact toughness,
and corrosion resistance of the Fe/WC/CeO, surfacing layer increased by 22%, 29%, and 15%, respectively, compared with
Fe/WC. The soil groove test showed that the average wear of the Fe/WC/CeO, rotary blade was 71% lower than that of the
commonly-used 65Mn rotary blade, and 17% lower than that of Fe/WC. The field experiments showed that the surface of the
Fe/WC/CeO, layer was smooth with serious abrasion marks or falling off. The Fe/WC/CeO, coated rotary tillage knife (25 g)
decreased by 65% and 15%, compared with the 65Mn rotary tillage knife (71 g), and Fe/WC coated rotary blade (29.5 g),
respectively. Consequently, the Fe/WC/CeO, coating was prepared on the surface of agricultural machinery in contact with the
soil by plasma surfacing, indicating a high application value with low cost, high efficiency, flexibility, and convenience.
Anyway, the rotary tillage knife with the Fe/WC/CeO, coating surfacing layer can be expected to present an excellent wear
resistance and comprehensive mechanical properties for agriculture production.

Keywords: microstructure; performance; plasma surfacing; surfacing layer; rotary blade



	农业工程学报 2021-37-24-424
	20212401


