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Abstract

In this paper, the effects of homogenizing annealing and spheroidizing annealing processes on the
microstructures of 4Cr5MoSiV1 steel after annealing, quenching and tempering and final proper-
ties were investigated by means of optical microscope, scanning electron microscope, energy dis-
persive spectrometer and mechanical property test. The results show that homogenization an-
nealing at 1150°C for 2 hours can effectively reduce the segregation of alloying elements in the
tested steel, improve the impact toughness, and furthermore refine interlamellar spacing of the
resultant tempering troostite as well as particle size of the carbides of alloying elements. It will be
possible to further improve the properties of the alloy by combining the advantages of high tem-
perature homogenization and spheroidization process avoiding carbide precipitation again along
the grain boundary during cooling.
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1. 5|15

TEAR 22 % FH 75 THD 7 B B EL A 00 v PO Rl 3 T B 1, )BT Sl % LGP A0, s L JE A T 1
FHFANL] [2] [3], 4Cr5MoSiVL X, WARA H13 ANZ0E 2 i b B ] LLSRAS S IR o A e T 15 380 )
ZIEAR[4] [5], HAKBE LA E P LFNR K WK BK, TIXFNE 5 7= A& e e R T, o
GatERe A AREm6], B LASEESSTCR N mAMENLEN, ettt MucEESHA
¥, BN FHERGR K, 402 A5 710 7R B B FHERAGGR K L LR K T2 1A B A I fsadvk, N
TR mAT, AR RIS S HGR K [8] [9] [10]. A SRR B AR K T EAE LR, TR eI A 4
1B KL X BE G K LR sEm, 2 b T IR K T2 & A & 15 ERE, A B0 o
PItE. B A& SN R ERESE.

2. ARFE

I AN AL ZE R 2 1 TR, S EYIR 12 mm x 12 mm x 56 mm (R FR . ZE4R 2 P A
W AT SRR ERIR K (I FAE) 870°C R 2 h, A5 FEIR S 740°CLRiE 3 h, Bl f547# 2 550°C J5 i =
A2 =R SR K (IN#E] 1150°C, £/ 2 h e A R =EIR) . 1B KSERUE A In#AZ] 1050°C, 24
J& PRI 40 min AR 2R SR KO RARFETE 350 CHEAT TR IR BN K, [BLK LRI T A 2 h, Bl f5 S W 2 = .
PO FREE R 34N, AT S AT E S bn v GBIT 230.1-2009 FH i ERAT 130 5 H A 2 A (It 5 A
ML EBCPIAME) . b SEE6 4% E R ARdE GBIT 229-2007 K & iR N U B pbdi szt W FER <4 10 mm
x 10 mm x 55 mm Azt U Bk b ilfe, K= ANRERCF 334

Table 1. Composition of tested steel

= 1. iR A AL 5 (wt. %)

Element C Si Mn Cr Mo \% P

Mass% 0.41 0.9 0.48 5.22 1.2 1.35 <0.03
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MIAAL BRI A AFREE AT A T . AR S . MOE AR (R iR : 8% AN BRI H
W), R BB (OM) A4 BT (SEM) 45 & RE 15X (EDS) WL 82 2H 41 .

3. ZRAMSIR

F 1(a) FE 1(b) 73 A A ERAGIR K 5 B SR KR & S IR a2 B, W LZE 1150°C R 2 h
BoR K e &SR RN, KKTZ 1 ERE, WhiEw BRI IR KRS, mEbEkies, €
MG X2 T HOR SR AT BRI, Ui CAr Ty y B8 FAE el T R EER, kik
Ko AEFE I ZI ARSI R P B R AR, TR BB K22 [ 11]. 5] 2 92 0IR K S ERALIR K
JE A SR AR T RS, B 2R 200)FT W, RSB KR A ST B A D BT
HAIBRAA), 25 3CHR[10], X )82 EH TR K5 A vA £ B A ) o LA 2(b) Sl 2(c), Wi Ll
FURIE, PAAFELRR KT & RN, W DG BERREEE LA 2 A thel, B
Prif mie s, RAEREE T HTER, B RN S Cr ALY, BEERIONE Mo HIBRIE. 14 2(b)+
H DA B S OB K IR 2 A SRIR, oAb (38 27 i fE FL B T R B I O R S (R D22 L
HATEL): SUbAHEER, BURIERE BRI K& SHE 2(c), WIBR T T 2 MBRICIBRL, X2l T
IR SR KA B e Ry B ST IR TR, TR v A A P R O BT H AR TR 5 b

(b)

Figure 1. Optical microscope images for the microstructure of tested steel after annealing: (a)
Spheroidizing annealing; (b) Homogenizing annealing
B 1 BRAERKIEARALRNLFERREERE: (2) KB (b) HAKBRKA
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10 pm EHT =20.00 kV Signal A= SE1 Date :24 Mar 2016
WD= 19mm Mag= 500X Time :11:25:12

2pm EHT =20.00 kV Signal A= SE1 Date :24 Mar 2016
WD= 19 mm Mag= 2.00KX Time :11:10:22

©

Figure 2. SEM images for the microstructure of tested steel after annealing: (a) Low magnification for the microstructure
after homogenizing annealing; (b) Local amplification for the microstructure after homogenizing annealing; (c) The micro-

structure after spheroidizing annealing

E 2. BRAFRIEFARELRHIHERREMERS: () REHSHBRAER; (b) SEHINRIAR; (o) BRHLBAER
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P FPAS R K T Z AN 5 (B N A 1050°C, SR 5 FRIE 40 min JHyE 2 =i . WFEE K G 1440
i 3 Frow, [ 3(a) SR JORFE K JE RS ALZY, AT L& 4 b S > R I AL Y bT HAH A5
XA N ZoK B T 514018 KRR A AR A A R P ), XA 2(a) P HEER WL, 4 1050°C
PRI 40 min KOS B AR IR THRR, X P GAE SCER[10] A SR AR IE . AN 3(a) T WA /&

20 um EHT = 20,00 kV Signal A= SE1 Date 24 Mar 2016
H WD= 19mm Mag= 200X Time 104027
(@)

2pm EHT =20.00 kv Signal A = SE1 Date :24 Mar 2016
WD = 19mm Mag= 3.00KX Time :10:63:28

(b)

WD = 22mm  EHT=2000kV Signal A=SE1

Mag= 3.00KX

(©
Figure 3. SEM images for the microstructure of tested steel after annealing and quenching: (a) Low magnification for
the microstructure after homogenizing annealing and quenching; (b) Local amplification for the microstructure after
homogenizing annealing and quenching; (c) The microstructure after spheroidizing annealing and quenching
3. MIGAMREANSALFBRESR: () WAKBARRERNELR; (b) HMEAKBRAESEERNELR;
(c) BRILIBAEEANLALR
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ALALIBG, & 3(0) IR, XA AL STHNAZ)R T AR, R TR T 4R
WA Rtk iRt SR BN T & e R IBEERE I, AR T v B AR IR E 1, ettt
R, HAEGEH&EREY, RlaEmR MonRrmi, BT maemrmi, g g
RARIIAFEENE, BT VEJGDRE A EARKITE AL, A 3(0) AT I, i B A DX I3 B K (s AL M AR
A A A BRI . B 2(a) K 3(b)PIETBOR LB —HE, AT MLV K AL 2 A AR RORE B R 4tk . 151 3(c)
NERIR K5 3 K H R R BB — TR, A USRS IR R ALY ok, 53 51R K e
VKLU, HRR AR RS B SRR

P A(a) RTA] 4(b) 7 I AERAGIR K | 2 SR KRR FE 22 K AT 350°C 1 I 0] K i 1) S 2 40 27 B 1k
Gl R, B ) IR 2 BT X, AR FPELRAE ] 4(0) P AR 4 BTG T 1E] 4(a) P R E X
SEEAT REVE 0 A AT LUACEL Cr e R S EARZE R, AT DUAI = A3 fh B 1 22 57 10 1 2R AN Cr A A2,
B Cr e R XIS B v 5, BT A8 T R BREIX, e i i HIOR 5 BT R iE B 2 BRI 131 4(c) i
Ay EmE A s R, TR B A SRR ME LN R LA AN R, BRERAR IR

2pm EHT =20.00 kv Signal A = SE1 Date :24 Mar 2016 2pm EHT =20.00 kv Signal A = SE1 Date :24 Mar 2016
WD= 21mm Mag= 3.00KX Time :10:26:32 WD= 21 mm Mag= 3.00KX Time :9:04:10
© (d)

Figure 4. Microstructures of above-quenched tested steels after tempering at 350°C: (a) Optical microscope image for the
microstructure ever undergone spheroidizing annealing; (b) Optical microscope image for the microstructure ever undergone
homogenizing annealing; (c) SEM image for the microstructure ever undergone spheroidizing annealing; (d) SEM image for
the microstructure ever undergone homogenizing annealing

4. RIGENAE 350 CEIAFSHIER : (a) FRILIBAFEINBRNAZRHFES; () AIUEBAEEINBANKEZE
iR (o) RMLAIRFRABANAMABRS; (d) HAULERE AR EIRS
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PRFRIR 5 IR AL, R ENT 2 ) B R 225 Ik A, HR & iR g B S A 3 ) & 4 18]k 2
LU RIS) . BREARNOR T g, i A(d) s,

X AR K-V K- B K AL ER S B RRE EAT PERRAS I, I rp R F A5 IR BR AL IR KA BRI B A M BB Ay i )
P 14.5 Jem?, T A 52.2HRC; 744 2140 AR (1) B 4 BE A N - P01 16.1 Jem?, B8 48l 51.7 HRC.
T ¥ 5B & S oo BT E Fridds, Bt prec:, HETE&eRiEEKR, §
SR E A A BT R B X P SR O S AR I N T A 4G R IR [ VR A VA B AR AR e
A5 B I B KL 7 J2 B & RGO SE R 40/, 10 T & @ YRR SN A R B2, (i
T ARSI WA TR AR RS, RS, IR KA A AR P R kT D & A,
BEAR T 3 5040 A BRI AR . AN FEBRAKIR K 1 B IR AL L (870°C) UK, A AT REFRAT RIS IR B bR AL
Yl AR IX [R>S AR BRI RCOR IR B2 . 30 E] 740°CAb TR FR AR 5 B IRIRIX Sk, A AT
BRFEMAESR T, BT LRRBIRARBURRACITE & ST s PB4 2] 550°C, b T Fe-C AHE
ACREECLT, W BERUN, RIS BB T 8RBk (X B R K BB AR B AL O, T B
T EIRERLIR KE AL, B SIS AR BRI, T SR K MR AL R 2 O T RRR, X i
BRALIR KRFIEXT B A8 K5 B K S B & 4 1t BB & A RS2 o 4 i T35 23 4 A B sk AR b R4 FH 5 2R A
1BK AR, WS 5 PR EER] 740°C K DL iR ERA AR BN R — PR AP i 4, it —

1) 56 FI4M 4Cr5MoSiVL 7E 1150°C {4 2 h #E4T 3 214LIR KB A JOR R & S e R Wb FERE, H
HEERAGIR K T2, &St wvkit— B m .

2) 4Cr5MoSiV1 W 75 5 = tE & G on g miT, o Cr B AN EE LR,

3) FER I A1 AR AT AARAL 8] K AR R SR LSRN iR R KN RN 25 5 A5 45 4
A A SN
E&mH

¢ i ARl 9 Fe R 10T H (2015CB654803) % 1
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