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Effect of small amount of Ce addition on microstructure and
mechanical properties of high-boron high speed steel
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Abstract: The effects of small amount of Ce addition on the microstructure and mechanical properties of high-boron high
speed steel were investigated by SEM, EDS and XRD. The results show that small addition of Ce can increase the impact
toughness and the wear resistance of high-boron high speed steel, the impact toughness , increases from 6.7 J/cm?® to
14.3 J/em®. In the presence of small amount of Ce, fishbone boro-carbide disappears in the high-boron high speed steel,

feathery boro-carbide melts and fractures, and granular boro-carbide increases, the distribution of boro-carbide becomes

more uniform , and primary austenite grain is refined.
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Table 1 Chemical compositions of studied high-boron high speed steel

Mass fraction/%
Sample
Cr Si Mn Ti w \ Mo Ce Fe
B1 1.6 16.0 2.5 0.3 0.7 0.7 0.8 0.7 0 Bal.
B2 1.6 16.0 2.5 0.3 0.7 0.7 0.8 0.7 0.9 Bal.
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Fig. 1 Effects of small amount of Ce addition on microstructures of as-cast high-boron high speed steel: (a), (b) Without Ce
addition (Sample B1); (¢), (d) With small amount of Ce addition (Sample B2)
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(b) Element w/%  x/%

B 13.47 45.29
Fe C 4.78  14.46
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e Mo 1157 439
Ce Ce 2377 617
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Fig. 2

As-cast microstructure (a) and energy spectrum

analysis (b) of high-boron high speed steel containing Ce

AL, OGS, i e 2 215 3 B Y
e, A TR EA ML Bl i
FRTREA: 1) RPNl , o] DAL, i
FIE Oy B S MIMEH, [FaTAE m %, 4ifk
AR ARG R I 5 B A BN R R, TR
EARG JE I LI TR Re R A%, 2 FAEE
GBI LTRGBS i e 24 S p-Fe
FHZ RIS L RER I, JE 2 Ce0,S T Ce, S5y 1
y-Fe AHZ [A] FRIEAIC BE 23 ) AT 7%F0 5%, e ATT#R ) LA
1ER y-Fe MART ARG ZIZ L, T A% %,
AR TR At . 2) B R TR R B K
(1(Ce)=0.182 nm). #5 pifik, {E& a7 5
BB LA o E Tl A AN VR R ST A 4 T B
Ko<<1, {Ed A ool i A e s w38 v ot

TG, s AR R A KT R A

M IR AR IV 1O, AT SR AR 1 2K
I AE RS i R BTl » AT A B ARG it A 20 4l 4
FEBER S, 1 SRR R AL, B PG i )
DALl B i TR J (R BAR e A /N, DAL, SRl A
BN 3) LRl A e S ), R B AR
TREM C. B X W, Mo &8It ssh, wET
BZM CesuEk, 1 Cely C. B ZIAIAYHLGMEZEAEHL
K, BHABGRMKS T, Ce tEBMTALLY C B |2
WIER Cey(B, O L, Ce Bia SEAESL AR BRAL
Pt B AR ST A, e W] RERAES 2 W Mo. Fe.
Cr HEEEICE, RIS D Ce 19 MoC B IRAL) -

2.2 SRS S SRR LH LR BT #2 N

P 3 BT il e A 26 (880 °C, 2 h, B k)+
(1050 'C, 1h, #K)+PIKGE00 C, 1h, FIK)HAL
SIS AHA 2.

HE 3 ATA, AN S A R B1) b
MR 2 ROR AT, KRB BIRFA AR,
H GBS 3(a)). & Bl il SN R it B2) i
iz SRRy, RALEREER, HER
RPN, A3 51 (B 3(b))s

(2)

B3 Al RS il i N IO ZH R S
Fig. 3 Effects of Ce on microstructures of high-boron high

speed steel after heat treatment: (a) Without Ce addition (Samle
B1); (b) With small amount of Ce addition ( Sample B2)
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Fig. 4 Backscatter SEM images of high-boron high speed steel after heat treatment: (a), (b) Without Ce addition (Sample B1);

(¢), (d) With small amount of Ce addition ( SampleB2)
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Fig. 5 XRD patterns of high-boron high speed steel after heat treatment: (a) Without Ce addition (Sample B1); (b) With small

amount of Ce addition (Sample B2)
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Table 2 Properties of high-boron high speed steel after heat

treatment
Friction Hardness, Impact toughness/
Sample ] 5
coefficient HRC Jrem ™)
Bl 0.642 1 62 6.7
B2 0.524 3 63 14.3
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Fig. 6 SEM images of impact fracture surface of high-boron
high speed steel: (a) Without Ce addition (Sample Bl);
(b) With small amount of Ce addition (Sample B2)
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