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Abstract

In order to break the monopoly position of extra-large diameter special ring material technology
abroad, the chemical composition, inclusions, microstructure and mechanical properties of ex-
tra-large diameter special ring materials at home and abroad were observed, measured and com-
pared by means of optical microscope, scanning electron microscope, ASPEX automatic inclusion
analyzer, tensile testing machine and impact testing machine. The results show that: The impurity
elements and harmful elements of 42CrMo4M steel after the addition of V, B and RE comprehen-
sive microalloying in China are significantly lower than that of 42CrMo4 foreign ring material.
Moreover, compared with the Angle of the maximum diameter, number density and area percen-
tage of inclusions, it is found that the inclusions in the self-developed materials are more uniform
and take up less proportion. Therefore, compared with foreign ring materials, the purity is greatly
improved; the microstructure of ring materials at home and abroad is tempered martensite. By
comparing the hardness and tensile impact properties of the two materials, it is concluded that
the performance of the self-developed ring is better than that of the foreign ring. It provides data
support for further optimization of new ring materials.
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1. 51§

Hr, REZG RS TR RN, b5 RE 2 AR AR SR PR R R, TRV
KRB O R BN T XS R S5 TR 1] [2] [3]. (HAR XA K AR R 1 A
FELZTE A, T HIRLRR R R R, WSV E RS BT, REE K.
BRI, X0 T ORI T ANV RE AT T R R B SR [4] [5] [6]. HET, HPNANEKBEARREFER
PEER T E N 42CrMo R A& 4.

42CrMo MWEA B s LR R RIPUE 55 e Re 5[ 7], BRItk 2 H T HGE CEm bl o i B 45 11
B TARR R AR, 045 5 ML Pl R 1 2 P A B R LOR ) il 2R S 8 K ELAR R M A B 8] B3Rk EE
(918 7T B 42CrMo L EFIR AR B AL 20N T DUIRAAR,  BrfbA) 32 S8 R B IRk i 7 B A iy, B
A BT SR W R, HBUHI SR ISR 1500 MPa. FMREE[10]. D4 B2[11]38id X} 42CrMo4 40
AR R AR R A () SR AT ) 3 B s IR RORUS S 2 B R b 3 B0 it A 1T A S oS b e 9 1
FOBUE, NI . B0 A S0 E BRI AN ik obi e, AN $e s o5 veRe. 2 0t
FEW, MLICEMIMATTLGRRIAR T IR. BRI IER, Mg 42CrtMo M LFR a1~
AE[12] [13] [14]0 BbAN, oo gk ReM A 550 R K AL A 58 DL ST dm W24 15] [16] [17]. Hamidzadeh
18RI LT E T LS m Az R s e, 5 AISID2 4N b BIPEAR 2 1 B AR .

HAT, EWNAMT 42CtMo fHF & T K= AL, (HlFEPN TSRS, E7= 42CtMod M4 k)
PERE AR AN REIE 2 DA ARKCE . BB E XA R B B e Ak 1, S8 ER R T
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MERE[19]. BRI, FTHEEANHZAPRIBOR 22 Wit i, SEBLE P A 2R 2% . B, VEE FTfEIAIE T V.
B. RE ZiGWME ST B, FFR T H B RDRLF HH i AN 42CrModM [20]. ASCR G Hridk
HIMEMEHRe e B AR, BB E, 58 BT MRt b, s B
B — 5 AL SR AR % .
2. I EF*E

S0 A 53 ) Ak AR R 42CrMod #X(S0) K [E Y [EIBRF I V. By RE SR TZEA MG 10
[T BYA A REF 42CrModM BX(S1),  HAL22 B AR Y El bR GB/T 20125-2006 FJ A5 2 1R R S b1
WA SARTe RS ENE B I IOE RS TS, AN o4 mm HEE N 0.5 g~1 g MR
EHMIHRFE S . HZER Y SRR SRS RS 1 s,

Table 1. Chemical compositions of the experimental steels (wt.%)

= 1. LA ER D (Wt%)

AP C Si Mn P S Cr Mo V+B+RE
SO 0.41 0.26 0.69 0.004 0.0054 1.14 0.26 <0.04
S1 0.39 0.26 0.65 0.005 0.0014 1.14 0.26 0.15

IR ELH 42CrMo4 HR(S0) -5 8T LA AR 42CrMo4M HR(S 1)K A [7] 1) e il 5] K FARG 3 =]
KPSEB T2 1 FrR: JeffibEk, 900 CORIRPIAN/INEF, 2 /NS THE] 900°C, ¥ PRk, 870°C
TRIEFE AN, 2 AN FHR] 870°C, A e fiml kK, ARG EN KO 22 /3-8 3 160°CIRIER 3 AN/ E
A, KGR 1.5 /N E] 660°C ORI 3 AN/ S

900°C 900°C

870°C 870°C

660°C

Temperature
Temperature

Nomalizing Nomalizing Quenching Tempering
temperature temperature
Time Time

Figure 1. Heat treatment process (low temperature tempering on the left, high temperature tempering on the right)

E 1. ALEBTZEERMREERX, AEASEEK)

PACFR 2 5, ¥4 vEni B ORI 51K PR P Rt et d i Ze VDRI 3 AIAE A 1A DTHL 4 mm x4 mm x 4
mm iRFE, FFEATEER, NI HUEL S, BRI AR AR, . SRJ5 B ASPEX 4 H Bl Je A5y
B A A R F08 7 BB AT B 1 O] e M RR 28 RE . TESRMRAE . BLA% ST AR B 40 B HEAT R AL AN 43
Bro XN SLEG AN Je B AL RS A S TR 1 43 LU S AT R LG, i — 30 LU o #radh 1 3R 44
KL 42CrMo4 #X(S0) 5 5T UM AR 42CrModM 4W(S1) 26155 .
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[, 7RO EL S P FRE S o B DI BORRAE ) J0 2 Ve R, R UD RN TR A .
Py phibiilRE . SARREE SR 120 H. 400 H. 800 H. 1000 H 1 2000 H RS4RI B E IR,
SRIGR LA T, BB B IR A bR R e e A BE, Bes H 4% MR R BRSOk AT 42, B
B RO, 20058 SR T K RS BEAT e R ORI T, f JE I S A R R S
WERAZ 1k f5 R S LSS B RS R i AR 38 7 205 S AR i —FF, AR TR ZEs H AT 400
HARPAREE - RI AT, K5 R IRAE B2 LA TR, 4T HAS P IE AT 40 . Pl &0 T 3 3¢
(M10 Hfislke), SREFIH AG-100KG AL L7 5 BE R AT FENLEEAT IR PP SLES, & B = AR 173
B AER, Ml FEMERQ5C). 0°C. —20C. —40°C. —60°CFI-80°C i Sz, & NR T 3
SCRAFE, BT 18 SCRARE(V Bk Db diifkie), SR Bhh R A LEEAT A, f 5 R i H T I
TS i T 1 TSNS, ARYE LT R SURE, e BN R T .

3. SLIBLER
3.1. REPTIEL 4T

AP AELH 42CrMo4 AH(SO)EA MM T Ie R AR, H FERAEE 8 I 448 MnS 1 ALO;,
DA HAH AT R A8 24, 18 2 o itk COR AR 42CrMo4 H9(S0)Hh e 241 i 34 b 4 T
BH EDS 4. ALO; AW RIRBAFRCRILES, BAEEA, EREERS, KT aSAE
BiJJEH: MnS RV RIRKEKFIREE, SMEMERAEMIINR, SEBIYINADE ALO,
SR MnS FZ WA EIRAS .

[ Py REAERRLH 42CtModM ARSI T £ 782K La Al Ce, T B[S RIS N L6
e S LA, DL LRI ALO; TE RIS & 8L, 15 3 28 ST ANH Je it fli el
BiEG. BB 2R A OERCRIES, RTEON, UREUR AR RSk b

Figure 2. SEM image and EDS analysis of inclusions in SO steel (a) MnS; (b) Al,O;; (c) MnS + Al,O;
2. SO SR RZHH0 SEM &0 EDS 434f(a) MnS; (b) ALOs; () MnS + ALO;

Figure 3. SEM image of inclusions in S1 steel (a) rare-earth sulfide; (b) Rare earth complex inclusions

3.S1 fMeh R ZLHIRY SEM 1%(a) LR HEYD; b) BLEA RN
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3.2. RASHFEMEDH

3.2.1. WMER T

TEM SR L2 1, 154 M 7:2:1 (B b e ) S AN 5 DR R VAV AR5 4 T TR B /K 408 R AT n
JeIMFAE] 99°C B HI A 65 CIRIR 4~5 min, HE R B ILLF (19°FAT AR A BONE PRBRE R 1 min /2
A, fJE K ANPRS e 45 91 L ROABLIR o B [ KGR B AN e s diok 52, P ARG 51K 5 1Y)
WA AR AREAT 7RI, 4l 4 D5 SO A ST AN A Ji B8 EGAA b OML JE 3. i85 Image-Pro Plus 6.0
G5 3] SO AN SR E AR N 0.01652 mm, ST AX SRRCFA EL4E N 0.01783 mm, FHiEE 548
S8 d R 52 P GB-6394-2002 Xt LEAT H PRI 1) di R B 350 7~8 2o

Kl 5 gtk IR 42CrMo4 4R(SO)FTE AT AU L 42CrModM 4N(S 1) 2K [l KA &y i
5] K 5 ) OM T 23T SEM SO H 2R . |11 5 mT 21, ] A A R4 Bk F AN AR 1B K S 35 AR 5%
KRG IRARAL, HRSD TR MW SO F1 ST PFIRA R 1 T AL EE J5 35 0 [R] K R IR A . 25 6 o B
SAHH LT H 3 COAEAEL 42CrMo4 4N(S0)AIE P 8T BU A1 A4 RLF 42CrModM #X(S1) sk R <135,
H B &80 R

Figure 4. OM morphology of primary austenitic grains of SO and S1 steels (a) SO steel; (b) S1 steel
4.S0 70 S1 $NEYRBEECIRERL OM 57 (a) SO ;5 (b) S1 3

S0-870°C+160°C

S0-870°C+660°C

Figure 5. OM microstructure and SEM microstructure of SO and S1 steels after tempering

5.0 #1 S1 $W[E A FHY OM LB SR AN SEM M LR LA 28R
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3.2.2. BEShHAHEERES

T SO R ARG 1] 2K R P v [ ks T AMIEGHR 1] ) T & e il ] K 5 1) 42CrMo4 kAT 4 5
0 T 2#. 3#. 4. TEPERTIIR I AR i IRTE R TF, 4 AMEREFELE AN T 1A 54T A s BCFIE . 4
R WF 2: 1#4 53.0HRC. 2#4 27.7 HRC. 3#} 49.5 HRC. 4#N 21.1HRC, A LLA H 1#F0 2411 5 i
SR T 3#AN ARIAERE, DRI UERH, [ PR AR R 42CrMo4M BR(S 1) AR FE T 48 ik B A8 gk
A4 B 42CrMod HX(SO) IR .

Table 2. Comparison of tensile properties and hardness of ring materials at home and abroad

3% 2. ERSNIMEM R RERAE 3T EE

T Rm/Mpa Rp0.2/Mpa Al% Z/% fifi ¥ /HRC
1# 2060 1332 8.7 37 53.0
24 912 786 18.3 67.3 27.7
3# 1802 1267 8.7 34 49.5
4 795 633 242 70 21.1

160 —=— 1# : v
—e— 2# —v"
140 + r 3 Pl
of T e SR
S

Temperature (°C)

Figure 6. Comparison of impact toughness of ring materials
at home and abroad

6. EIRSNAEM R ERIEXTEE

] P AN A L AR TR K R L (B K S R R RS, B PURISR A . i ARSI . W K 5 R
JERGEE, Wi 2 fim. BRI EAE 42CrModM AN FIAR IR 9 K 0 B4 53 B A0 IR 55 P 43 )38 31 2060
Mpa 1 1332 Mpa, HUILEH, B RIREAER AR Rtk B T BN R R R 2k, HR %
AT 1 SRR L o

A3 ARSI [ PN AR IR AR RHR = RS C) b i R RE S 0°C . —20°C . —40°C . —60°C F1—80°C I v i 14
e, SR 6 B, iR E KOG E AR R R 42CrMod4M A 7E—40°C FI—60 CARE IS T iiph o oh 4
BN 124 T A1 92.5 T, WIRAR T EANAA R, R E N ERERDRE G b o ) M 5 [ AN R 2 3R
Fto B 7 RZ 660°CIRIK . ANFNREE i fE R ST A9AN SO AR pho I 1 22 WS, & J@ iRk v ot 7 1
N . U X FIBIYE =805, il RRSOE SOd B R TR X . R X AR X . it
Xof LT X RN, XEAERL R s B EA TR 5 PP

X HRIL, £ OCHER T, PR E TN R, JEARBA TR X, B R s A &R,
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R B U AR E-40°C Y, SO AW rb A X I I 2 U X, BY D) iAo, o o G A1
T SN #E-80°CHY, PIRFTEHANEMATEE, KHBUNBUN X, B R -5, BYJEHK, S1 M
AT DA T SO Ao DAk FE P B R TR IR 8 e A 21 SRR BT

Figure 7. Macromorphologies of impact fracture of S1 steel (left) and SO steel (right) after tempering
at 660°C and impact at different temperatures; (a), (¢): room temperature; (b), (f): 0°C; (c), (g): —40°C;
(d), (h): —80°C

B 7. £ 660 CEIN, REIREMEER SI IN(Z)F SO MEH KHEEOEMFIR. (a). (o):
FiB; b)) H: 0C; (o) (g): —40C; (d). (h): —80°C

DOI: 10.12677/ms.2023.134031 267 FHE Rl


https://doi.org/10.12677/ms.2023.134031

VIRGL 2%

AR W LRI AOAN ], b ol 7 1 2 B . R & B SE OV SR IE O ELWD 8 2 & Jm Pk Ik
RN ZRFE, P 8 L 660°CIml K ANFIREE M5 1 ST A0AT SO MM b o b D RO S, T LU
i 0°CIY, S0 A1 ST FRAA kBT 1 K ROR A3 5 LA S RO &, 7 A, FLFLIR 2 /)y s ££-40°C
I, PR B DSOS XA Z B E B R R W6 RN, (EREIZHT Hh DL T 43S, FLIF K/
ANE); AE-80°CHY, PAMHARERIL AT WA BRAAIE, ACEWTTT I DA A NI P)6S S A H.
KAAE . IR S, [ A SRR RS EAT R TR RIR PE RS, 256 b o D BEAS H [ AR R
Wt AR il R AR T R AR B N —60°C i A

Figure 8. Impact fracture morphology of S1 steel (left) and SO steel
(right) after tempering at 660°C and impact at different temperatures. (a),
(e): room temperature; (b), (f): 0°C; (c), (g): —40°C; (d), (h): —80°C

8. 2 660 CEN, FRIREMEFR S1 R(Z)F SO W(H)HHE
HTOMMASR. (), (e): Ei; (b)y (D: 0C; (o) (2): —40C; (d)\
(h): —80°C

4. &g
1) BN EEFEREESRH V. By RE 2068 44k, 245 70 A %= 0 2B E AN R 5%
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