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Abstract

The microstructure and properties of 4Cr5MoSiV1 steel used for hot extrusion molds with diame-
ters of $200 mm and $400 mm were investigated through hardness testing, impact energy testing,
and high-temperature tensile performance testing, combined with microstructural characteriza-
tion using optical microscopy and scanning electron microscopy. The results indicate that the $220
mold steel exhibits superior hardness, impact resistance, and high-temperature tensile perfor-
mance compared to the $400 mold steel. Both steels exhibit a needle-like tempered martensite mi-
crostructure, but the overall microstructure of the $220 mold steel is relatively finer. The coarse
phase in the $220 mold steel consists of (Ti, V)-rich carbides measuring 8~10 pm, whereas the
coarse phase in the $400 mold steel is non-metallic inclusions of Al203 measuring 14~17 um. These
are the core internal factors responsible for the reduced comprehensive mechanical properties and
increased susceptibility to early cracking failure in large-diameter mold steels.
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Figure 1. Cracking of large-sized hot extrusion dies
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2.1. iREERRE

AW TR R AR 0 T A AR = inifE . “ AR + R IR SRR B B 5N
$700 mm 1 $400 mm ] 4CrSMoSiV1 W, JEEBIE. 1BK. MU T FEIEEK. PHREKEE T 2R 4%
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Table 1. Chemical composition of test steel (Mass fraction, %)

1. RENHUERD(REDH, %)

REE C Si Mn Cr Mo \% Fe
$220 0.34 0.97 0.35 4.95 1.38 0.91 Bal.
$400 0.36 0.98 0.39 5.02 1.37 0.93 Bal.

2.2. REFHE

K HVS-30T B9 FAE L TR AR B2, 40 i B EA T PG AL R, SR AE S AR IR R il 5 /> AU
SFIME. ARYE GB/T 229-2020, 7E JBN-300B &Y i iR Ee AL b AT W ohahiikie, W3 NPT
. R GB/T 228.2-2015, £ WDW-100C BYFibLa= it ¥ /5 i3 bl H AT 500°C s b fdilse . A H
IRFRY B 10% IS BRI RS EAT S ARTE 1, SRFH Olympus-DSX500 #4562 B s AT 42 EE . )T
TM4000 93 7 S (SEM), 45 & BEIE A (EDS) X I 3R 5 58 — ISR~ 20 A b He 2 itk A7 46
WorHT. R Image J FAFXF I AP RSE AT 2

3. RIEERS S
3.1. TEEF

P 2 AP FERS 4CrSMoSiV1 B EANAS [ B AL AR EEMAEE F e B 2 mTAL, P AR AR LA A
O B R 1R PR 2 35 2 Ot gt s e 35, oy, 6220 BEEANER ) i FE A B00# A 0.6HRC,
$400 BEELAX R 2 1 AT FEAE 0005 0.5 HRC, 3X 2 B 78 8308 A HA A B sk it v A LA 3R 2 1A ¥4 S P 4
P, ERAE OO IX A F G LS, TS O RS A 225, Wi sk A0 . OB B AR ) B
Ko LAk, $220 BEEANMCE IR Z FIE VL N 51.3~51.9 HRC, 1] 400 5 ELAN [F) 47 B Y5 (1Al R
50.3~50.8 HRC, FEMAMEEE K PHATH L) 1.0~1.1 HRC, 5t A KRS A ELAM F) S A T 28 R 55 T/ A
BEEAN. 5G4 LA, {EPE B AT B RTHE T, SXPhl FE 22 S — U7 TR T A B A T R~ e
SRIVAHEE 22, B $400 FEEAR ki )T BE R, ORI, A EIEEE AR, R ST HRR
WA, FRAR T AR RO, RAFEURAARERE K R 5 —J7 T, $400 B EAREUK I o
I T2 R E I BE S, RAER G KR, WarE—EfRE LR B AR . X
T AR P ep R AR S B B 25 5 R IR AR W) &, RIVRRE R BRI AR LA IR A3 i R e B 5 o A SR AR T
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Figure 2. Rockwell hardness at different positions of two

specifications of 4Cr5MoSiV1 steel
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Figure 3. Impact toughness of the core of two specifi-
cations of 4Cr5MoSiV1 steel
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Figure 4. SEM morphology of impact fracture surfaces of two specifications of 4Cr5SMoSiV1 steel.
(a) Impact fracture of $220 mold steel; (b) Impact fracture of $p400 mold steel
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Figure 5. High temperature tensile properties of two specifications of 4Cr5SMoSiV1 steel at S00°C.
(a) 500°C high temperature strength; (b) S00°C high temperature plasticity
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Figure 6. SEM morphology of 500°C high temperature tensile fracture of two specifications of
4Cr5MoSiV1 steel. (a) High temperature tensile fracture of $220 mold steel; (b) High temperature ten-
sile fracture of $400 mold steel
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Figure 7. Metallographic structures at different positions of two specifications of mold steel. (a)
Surface layer of $220 mold steel; (b) 1/2 radius of $220 mold steel; (c) The core of $220 mold steel;
(d) Surface layer of $400 mold steel; (e) 1/2 radius of $400 mold steel; (f) The core of $400 mold
steel
& 7. AR ENAEME £EN. (a) $220 £ (b) $220 172 F4240: (c) $220 L
BB: (d) §400 FJZ; (e) ¢400 1/2 2H424k; (f) $400 Lol
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Figure 8. Morphology and composition of coarse phases in different positions of two specifications of mold steel. (a) Surface
layer of $220 mold steel; (b) 1/2 radius of $220 mold steel; (c) The core of $220 mold steel; (d) Surface layer of $400 mold
steel; (e) 1/2 radius of $400 mold steel; (f) The core of $400 mold steel; (g) EDS analysis of coarse phase in $220 mold steel;
(h) EDS analysis of coarse phase in $400 mold steel
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i, Hrdr, ¢220 BRI REAR A 2L 240 T $400 BEEAN.

(3) B AP R EAT W AT R I, $220 RN A AE R R AH A 8~10 pum ('8 (T, VBRI, T 400
FEEAN R KA N 14~17 pm RS R T FY) ALOs, X KIS HEANLES TR TR, B KA
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