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Al Alloying and Microstructure Properties of 4Cr5MoVSi Die Steel
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Abstract; Influence of Al content on the microstructure, phases, hardness, tensile and impact properties of quenched
and tempered 4Cr5MoVSi die steel was studied by using optical microscopy, transmission electron microscopy (TEM) ,
tensile testing machine among other instruments. It is found martensite is formed in the quenched and tempered
4Cr5MoVSi die steel with Al content of 0-0.6% ( mass fraction, the same below) , while martensite plus & ferrite are
formed in the quenched and tempered 4Cr5SMoVSi die steel with Al content of 1.2%—1.8%. Without adding Al or with an
addition of 0.3%-1.8% Al, 4Cr5MoVSi die steel after quench and tempering has a-Fe and M,C; formed as its main
phases. The 4Cr5MoVSi die steel with an Al content of 0.3%—1.2% has its relatively small variation in its hardness after
quenching and tempering; however, with Al content up to 1.8%, the quenched and tempered die steel has its hardness
significantly reduced. It is concluded that an appropriate addition of Al is beneficial to improvement in the room-
temperature tensile strength, elongation at break, and impact toughness of quenched and tempered 4Cr5SMoVSi die steel ;
with an addition of 1.2% Al, the quenched and tempered 4Cr5SMoVSi die steel can have higher hardness, strength, and
impact toughness.
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Table 1  Chemical compositions of 4CrSMoVSi die steel

with different Al content %

Al C Si Mn P S Ct Mo V N Fe

0 056 0.92 0.78
0.3 0.56 0.89 0.80
0.6 0.56 0.91 0.81
1.2 0.56 0.90 0.79
1.8 0.56 0.93 0.80
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0.004
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5.33 1.12 0.83
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0.003 5.42 1.09 0.80
0.005 5.36 1.13 0.81
0.004 5.41 1.15 0.83
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Optical microstructures of quenched and tempered
4Cr5MoVSi die steel with different Al content
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Fig.2 XRD patterns of quenched and tempered 4Cr5SMoVSi
die steel with different Al content
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Fig.3 SEM images of inclusions in quenched and tempered
4Cr5MoVSi die steel with different Al content
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Table 2 Rockwell hardness, tensile and impact properties
of quenched and tempered 4Cr5SMoVSi die steel
with different Al content

LA % ﬁETE(‘HRC) U e/
Pk PR MPa  fiKH/% (] em™)

0 64.2 61.8 976 1.8 7.2

0.3 63.5 62.3 1012 2.7 8.6

0.6 63.1 62.4 1092 3.1 9.3

1.2 62.4 62.1 1314 5.6 10.5

1.8 53.8 54.3 844 2.1 6.9

2 2 AL

1) AR AL TCE BT ]S EA 1
B 391 9 64.2HRC H1 61.8HRC; Al &5 M 0.3% 14
T 1.2%H VR SNV ] A A ELAR A R R A A R
BN, AL TR S B E 1.8% M), 7 KSR ] K 545
FLAN R R b 2N, 3 R PR R ELAN R ik
H(1.8%) 1 Al SAERBLELN PO B R B = AR
SEVER & BREAR FE T K 5 A A A B AR X
il & BRFAAXE LI BRI OR B R RS2 i B A 10 ) Mg
(RERE Pk gemohavEag)

2) ARBSIN AL PR BB h 8 B AW S AP R
A 976 MPa Fl 1.8% ; IS IR [A] 5 = Al J&, % Al 4%
LN R PTR s B BT S A B AL & 5 3
eI R, 7E Al JC R S8 1.29% I B BT hzom B A



184 7R

T 545 %

Je R AR A RS AL & 1.8% , BEE Y
PRSI A R B RN, v UL, ImAC AL BT L
— i PR EE PR T PAR I] K S ELAN T 58 RIS A<
R AIEARE AL 5 SR 5 AL BN 1.2%,

3) Bt Al SR, & AL BCEAR AY s )
RGN, AL S 129 IR EL A9 B o s v A
KAH(10.5 J/em?)
23 o5ttt

] 4 g AR[E] AL RIS 4CrSMoVSi BEELN 1Y)
BHTRBEROMAE R, AN AL 78 ] K SR EL A Y 41
U] DR A% B TG A1/ INBURLAR R S Ree tk. 4, LA
K e AR R AR AL ) CBRAL I R SE R 6 ~40 nm) |, BETE
SIPTEE RRBORCR AL &V, TR SRR
M, C BIBRAEY ; A 0.3% Al Ji , B 540 v Uk Bk 1k
PRI B 2 ROHA PrsiN, i 450k M, C 7 ik
ek /L s AR S B Tn AL 5 5 1.29% B, A5 LA v R
R AP gc it — 21 2 ROHA BN ; 29 Al B i
WO 1.8%I , 5 EL 1) S IO/ R AR A m Ak B8 T
MR M, C BURRALY) , 11 40/ — R e A P i
B /0 X FE RN ML C BRI I N FE T
BRI LB AFAER) C MoV S0 &R,

500 nm
(a) 05 (b) 0.3%; (¢) 0.6%; (d) 1.2%; (e) 1.8%
4 AE Al §EFE N 4Cr5MoVSi AN
BT R EM
Fig.4 TEM images of quenched and tempered 4Cr5SMoVSi

die steel with different Al content
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