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Fig.1 Structure and photo of the egg-break blade
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d. B9z (5 000%)
d. Vanadizing layer (5 000x)

FEh, AERE)E 2Cr13 FEAA R R 5 o A Y
RURDIRAH, S56 3CHR[22], AT RIZABTRCR AR Y Mp;Ce Bk
W, Hi M Bl Cr R IZBRACYIIE R E R Y
SR ORE Cr TR MBI ROT R, R KL [k
s C ERigiE. Bl 2c. 2d 73585 B 5B V E#



19 H

Ji SESE: RRATEBG] WS B S AL S T RE AR 1L 293

HEMES . WESEREFHERHES, /MERE
TER vz Ja i IH B, Horp— oL 2 Bl 4T B i
PR VR S, RINERRER T, SNESRE
(BT R B B SR 4R . WA 2 TR E AT BN &, w0
% B 518 V IRFEANZ EEE 08 14.8 F1 5.2 um.
NHE— B RINS E AR, X T 4% B ARk AT
BT R W S Aoy sy . B 3 B oAb S
RFE R SR A m MR ML R, LK
3a NEWIZ, K 3b ABAERM. Kl 3a. 3b EEPTR
DA R X, 43 A R B 2R BT R A el A ) A R
Motz &R, W 3a fror, &R R BEE RS2
WET, B LR & RIEANERERL &L ST A&, 4
FE4EME B EUE S TN, XRIE 2 T2
NiE B E, FR, CuHRMSEIEBIEMEAR 2R
AbPR RN, RAY BB Z JEEMATE R T — A E R IX .
MV GRS B ILRRE R, 785 m Ab k A B0,
HNZEV BRI R T SR, T Fe HEL B AR & 2R 1Y,
UASNERNB V B EERERNE, C EREEEARN S
BlwE, X415 Aghaie-Khafri 253 52— 51224,

1 : —V
350- | : ;170' |
§ L 11 g 1
et 1 Z -
g3opt W, g g X
Z 20 I 1AL b B £ I
| |

ot i ‘ it !
# L | , # ! P T it VN

0 10T 20 30 40 S0 s 0
. ¥ Distance/um . 1 Ui ¥ Distance/um
£ 9%r X < g 1
FL S0y
Z 70| = .
Q ; 1 Q
£ 4ot £ 40y
ﬁ 30 I\ :ﬁg
S0l 20y
@ @ 0 AL

i # Distance/um
b. B
b. Vanadizing layer

JHi ¥ Distance/um

a. B2
a. Boride layer

B3 BEREAE RSN
Fig.3 Chemical compositions distribution of coatings from the
cross-section

Nk — S EIRIEAL Y, B R AR A 4
HEAT OO b, S5 Rn3R 1 s, B 1 a4, 2Cr13
FEARFEEH Fe. Crv C. Mn. Si tEZHK, HF cr & &
FE 1114 %, PRI R IGPUEhEE 1. 1M C
) e B A8 ) Sk 90 s B 3o R R FR 9 G A R — R
g, BERRERMERE R, BB 5BV EXELR
N Fe. Cr. B5 V., Fe 5§ Cr NR&REMAITER, £HE
PRI 2 B AFAE — @ R FE A B 8, X e AT
s AT IE AT, BESEAER THELES. BV
SRR T BN AL R AR ER Y H#. % B B
B LEWHIN 29.7%, BEHTEVEFN 1231%, H
JRNLET B R TR /N VR, [Hifn, B JE A LUE

LI EAHN N IR AT FR, BN ARRR A
B A TR @ P oA B R, RAFRRES B R BT
KTEVREE. 55, BYRERE/NG S — R EE
T CET5 Cr MRS & B HUZ MR

R1 20r13 FENEIK. BB REVELERS

Table 1 Chemical compositions of 2Cr13 stainless steel, boride
layer, and vanadizing layer
JER A BBE BVE
Elements Stainless Boride layer Vanadizing layer
Fe 61.38 51.27 20.88
Cr 11.14 7.33 38.87
C 26.33 11.67 16.46
Mn 0.35
Si 0.8 - 0.53
B - 29.74
12.31
Cl - - 0.28
Al - - 0.45
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Table 2 Micro-hardness of boride layer and vanadizing layer

TiH N BVE ZBJE
Item Stainless Vanadizing layer Boride layer
YR

566.3+30 1 037+80 1 554.6+60

Microhardness/HV

R DRAERE 1R, SRR EIREARM
SEWREIRBLE SRR, Jimad ek e ath 4, 3k
RRZWIEARTLEE ). PR IRME B 5 FoR, XTgh
KR e AT B A 38, SRIF YK IR ) 2= S50k 3
e Ho Hy E 53RN Z 90K B 5 IR, AT
KL RN . i 200 8 e B o i N R B 3 A g 34
K, BE—NTFEMEZEZEE N, BERRE 744
NEREREEE o F A BARAR A T TR RS 52 3B 52,
Je T B U S 35 i A Ak RN AR B . B 2 R N
15.38 GPa, B2 N 9.86 GPa, X—¥¥i5 B
BB AE Y, WIEECRE R . % 3 T H/E LRI
PUBYEASTEREJIHRHR, Hoae 5 Hp J9BORENIR 5 18
BREHIREE, W, ORTR IR RE s, HAbE MR

Hf
W, =(1-—L)x100% (1

BEEAEBUA Y K~E,/E, E, NIV AE, I; E,
PVEAILRE, 1 B, NBAEILRE E~EAEY, 1. BE
5B HEM KEES 5N 501.8 5 301.7GPa, H H/E
fE50.03 5 0.033, K, {H5r518 0.89 5 0.9, FRHBHN
WP AT B8 A, e s P S S, Bl )=
W, HHEK, BAERIEHERERES, HARER. B
PUEBA B PR MR 75 e R A, T2
WatER S, af WL, G BOS P IE G E AT T14E 7]

HLZ.

1350
4300
1250
1200
1150
41100
150

A Load/mn

1% A5 B Young’s modulus

1%}

20 600 % 10+
2 9t
4500 £ ol

g5 5 £
S 100 £ 57
2 S
_§10 4300 E{Eﬂ _g 5
4

o 200w
2 g o3
E Jioo 5w B2}
& 1p
0 L s N L L 2{) [iad 0

200 400 600 800 1000 1200 i 200400

% Depth/nm

a. B2
a. Boride layer

500 800 T000 T200
% Depth/nm
b. BHLZ

b. Vanadizing layer

R ¥ Depth/nm

CIBIRIRIEIR 1 SR iR

¢. Nanoindentation curve illustration of mechanical parameters

VE: Ep Eov Hp How SBD9BHBIERE (D . SPEELAE (1) . SEGBEE (mm)  BAEARE (mm) , FA.

Note: E,, E., H;;, Hmax are plastic deformation energy (J), elastic deformation energy (J), unloading residual depth (mm), maximum indentation depth (mm), the same

below.

B 5 25 Ea KRR £
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Table 3 Nanoindentation parameters of boride layer and vanadizing layer

B

. H/GPa E/GPa H/E Hpax/nm Hinm W% K%
Specimen
BVE
.. 9.86+0.2 301.7+5 0.033+0.003 2 000+3 1 870+3 6.5+0.4 90+1
Vanadizing layer
% =
B2 15.38+0.2 501.8+6 0.030+0.002 196242 1793+4 8.6+0.3 89+2

Boride layer

I He Ev KRR ESKTERE(GPa) . # IRIER. AEEFEHUR S

Note: H, E, K, are nano hardness(GPa), Young's modulus and energy dissipation coefficient of the coating.
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Changes in the microstructure and properties of the egg-break blade after
boronisation and vanadizing

Wan Qiang, Zhu Fangtao, Liu Xiaofeng, Wei Min, Wang Shucai, Meng Liang, Wang Peng, Dong Wanjing
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Egg-break blade is a key component in a high-efficiency egg separator. Two failures of egg-break blade usually
occurred in the turning of cutting edge and blade wear. The strategy to prolong the lifetime of egg-break blade is to increase the
hardness without too much sacrifice of toughness. In this study, the boriding and thermal diffused vanadizing were applied to a
blade stainless steel of 2Cr13, thereby to achieve an excellent wear resistance. The microstructure, mechanical properties, and
wear behaviors of the layers were investigated after the treatment. A scanning electric microscopy (SEM) equipped with energy
dispersive X-ray spectroscopy (EDS) was employed to observe the thickness, microstructure, and chemical composition from
the cross section of the layers. The crystal structure was detected by X-ray diffraction (XRD) from the top surface. The results
suggested that the boride and vanadizing layers were successfully fabricated on the surface of 2Crl3 stainless steel, showing
excellent adhesion with the substrate. The thicknesses of boride and vanadizing layer were 15 ym and 5um, respectively. The
much thinner vanadizing layer was related to the larger diameter of atom, resulting in a sluggish diffusion. It can also be
confirmed by the content of B and V in the corresponding layer. There was nearly 30% B in the boride layer, while, only
12.3% V content in the vanadizing layer. According to XRD patterns, the boride layer consisted of FeB, Fe,B, Fe;B, while, the
vanadizing layer mainly consisted of VC, carbides. The borides and carbides formed via the diffusion and reaction with the
interior elements of the substrate. The micro-hardness of coating and substrate can be measured from the surface with a load of
0.49 N. The hardness of boride layer and vanadizing layer were 1 554 and 1 037 HYV, respectively, which were three and 2-3
times higher than that of the treated stainless steel. The high hardness can be attributed to the formation of borides and carbides
after the treatment. The relatively low hardness in the vanadizing layer can be related to the low content of VC,.
Nano-indentation test was carried out to further determine the mechanical properties, including the nano-hardness, elastic
recovery ability (W,) and energy dissipation coefficient (K,). The nano-hardness of diffusion layers was like the results of
micro-hardness. The boride layer presented a higher elastic recovery ability than the vanadizing layer, whereas, the vanadizing
layer showed the better performance of plastic deformation. In friction test, the results demonstrated that the coefficient of
friction (COF) in the vanadizing layer was relatively lower of 0.5, compared with the boride layer, where the COF was about
0.68. Nevertheless, the boride layer presented a lower wear rate under non-impact load, indicating better wear resistance due to
its higher hardness. Taking the thickness and mechanical properties into account, the vanadizing layer with better performance
of plastic deformation can be a potential application to protect the cutting edge from turning, whereas, the boride layer with
higher hardness can be a candidate to improve the wear resistance of blade body served under a stable load.

Keywords: microcosmic; physical and chemical properties; friction coefficient; egg-breaking blade; boronizing; vanadizing;
micro-mechanical properties



