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material with solid powder boronizing method. Solid boronizing technology was used to treat the Fe-based powder metallurgy
material at temperature of 1123, 1223, and 1323 K for 3, 5, 7 and 10 h. The morphology of the boronized layer was observed
with an optical microscope and a scanning electron microscope (SEM), and the thickness of the boronized layer was measured.
The phase composition of the boronized layer was analyzed by X-ray diffractometer. The wear resistance of boronized layer was
evaluated by the friction and wear test. The quality of the bonding strength between the boronized layer and the substrate was
evaluated by the Rockwell-C adhesion test. The growth kinetics curve of the boronized layer was fitted to obtain the plot of the
boronized layer kinetics curve and thickness. The thickness of the boronized layer of the specimen was 35~183 pum. A bi-phase
boronized layer (Fe,B+FeB) was obtained under 1323 K, and a single-phase boronized layer Fe,B was obtained under
conditions of 1123 K and 1223 K. The specimen obtained the best wear resistance at 1223 K for 5 h and the quality of the
bonding strength of boronized layer was approved by the HF3 grade according to the specifications. The diffusion activation
energy of B atoms in this experiment was 164 kJ/mol. The sintering temperature and boronizing time are closely related to the
thickness of the boronized layer, and the relationship between the boronizing time and the thickness of the boronized layer is in a
parabolic form. The square of the thickness value and the boronizing time accord with the Arrhenius formula and have a linear
relationship. The microhardness of the boronized layer is significantly higher than that of the substrate. With the increase of
time, more holes and looseness appear in the layer, and the shape of the boronized layer gradually changes from an obvious
comb-tooth shape to a less obvious comb-tooth shape, which is more obvious at high temperature.
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Rockwell-C adhesion test
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Tab.1 Chemical composition of substrate
wt%

C Si Al K Ni Mn Fe
3.0 0.3 0.3 0.1 0.2 0.1 96.0
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Fig.1 Microstructures of boronized layers at 1323 K for 5 h

FEMAL AL BRI E] , B IR i e URE e w1 I A
Wik, SRIGAAK . B IR P& ELE Fe,B 1)
PR DU 5 A HR (00 1] T 5 1) e K, % 7 1) S Bl
TV B A5 A, B Fe,B MM e A KAy 51l o
PRt , 3 T T RE 2 T B 1001777 1+ 1Y B Ak 4 ks 2 1
e TR A B A KA R B S A
SRR Y R R, NIRRT Fe,B fhik 54
A AR M, I e TR S AN SO
Y —ANERAE , & BOR T3 OC Z YR . B IR 1
Bt e U0 B 0 T A 65 K e 78 T 2 AN SRR L 22 ]
P T P S AR B A )

2 B T AEAS R RE TR X RRE A BEOK [ e ]
) 12 Filifk T2 0B R E, hE 2 a5,
B2 5 B 2 IR ) B LB B N, 1323 K VR
TR 2 )RR T IA 180 pum, HB 2P AH T
BIZERE AL 5 B S B 5 AL, B Z TR A
5 hJ R AR DR AR R A S R IR, L
BEBEWIE N5 . X PR o0 250 55 04k 4 )2
SRR ST, RARGEEB G B TERE



F49% £

T A . IR B MR ARG AR TERE S8 R A K8l 1 2 k5 - 341 -

c7h

d 10h

K2 1323 K Z&4F T A AR I 1] URE 2 02 412U GO A

Fig.2 Microstructures of boronized layers at 1323 K for different time
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Tab.2 Thickness of boronized layers treated for
different time at different temperature

pum

Specimens T=1123 K T=1672 K T=1323 K
=3 h 35.0 67.5 105.3
t=5h 44.1 119.6 165.6
=7h 52.1 135.0 178.0
=10h 57.2 143.2 183.2
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Fig.3 EDS point analysis of the specimen at 1323 K for 5 h
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Tab.3 EDS point analysis of the specimen
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Element Location 1 Location2 Location3 Location 4

B 15.9 10.1 8.8 0
Fe 75.6 79.8 85.0 92.5
C 6.9 8.0 6.0 6.2
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in this research
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f, 1200 ////////////
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Fig.8 Contour map of the thickness of specimen

boronized layer (um)
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~Q/R B InK {EARN T T {E AR E . Wit O/R
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Tab.5 Comparison of chemical composition and activation energy of some boronizing substrates in previous studies

Chemical composition/wt.%

QO/Activation energy

Material o i Ni S Mo W v J(kJ-mol ™) References
AISI W1 0.85 0.18 0.36 0.24 171.2+16.6 [22]
AISI HI3 0.37 5.20 0.32 0.32 0.82 1.2 1.01 186.2 [17]
AISI M2 1.0 4.0 5.0 6.0 2.0 239.4+19.77 [23]
AISI D2 1.69 122 0.13 0.13 0.17 0.07 0.02 170 [18]
AISI 5140 0.43 0.74 0.78 0.06 0.22 0.1 233 [18]
AISI 4340 0.35 0.96 0.55 1.56 0.27 0.22 234 [18]
AISI 1045 0.46 0.25 0.61 0.30 0.31 198 without RE, 137 with RE [24]
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Fig.10 Friction coefficient of specimens at different
temperature for 5 h
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Fig.11 SEM micrographs of the worn surfaces of specimens at different temperature for 5 h
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Fig.12 SEM images of bonding strength test by Rockwell C
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