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Abstract

The converter was used to smelting SAE6140 composite steel. According to the V content in the
steel, trace N elements were added to make the N content reach the design goal, effectively im-
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proving the strength and toughness of steel, reducing the production cost and reducing the sub-
sequent heat-treatment process. The results show that the content of vanadium [V] is 0.10%~0.15%,
the content of nitrogen [N] is 0.0070%~0.0100%; then the controlled rolling and controlled cool-
ing process is used to control the VN particle size: 20~100 nm accounts for 80%. The yield
strength Rel can be increased by 80~170 MPa, the elongation A after fracture can be increased by
3%~5%, and the impact energy AKu2 can be increased by 10~20 J.
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1. BY

SAE6140 (ASTM A355 Hrife) F L H T Hl&E R Z 45 MIbiaf: . #a8. T RS, MHSEAERZ,
AR S RTS8 TR T KRR ALEE, DRI AR S ) 1 R AR ™ . B2 R M R B SRS S n R WA 5
1o BPRTE AL HEGREE, FBON: IMA—EHEMN S S IeRWGMRE . I v T4 S mp1].
XPIARMEAT AR B T 255, X SeS i SL iR i AN IR Ik RE, (B A BN, TESCHARH, AT
WX a4k 7 VR A LA AL R A REIA B BT 7R NI R RS, AN Rk G0 LI AN A A P ik R oA . T
AR ] o

ASOZNFEAT T T2k, RIHBA R SHE, R V & & 0.10%~0.15%, RINfE A S
&, SRR N SR, FAAEIEA TZ, WM hHTH VN B0, K R HIE— e EE N,
T i BN A SR A

2. TEMRDHh
21. TEHIE

SRENIAAN SR FH e A P 4 T HAW SAE6140, 1644 L 2R A :
K + RN —130tBOF — i —~ LF—~ 44 Ml — S M RS B & — B 5L M — I — 4L — 22
B k5 — R I N

22.V. NA&HER

TV RBBICERER AR y MBIt R —, BB, & AEAWEEN T, 5T EIR
FE AU ViCay VNL V,0355), FEAN A 1 ZANACANI AL LR kL, B RN 0 IR IR, 2 e B9 )
SEFEAIFINE. M C & EAE 0.38%~0.43%, V RS CIRMK V.Ca L&, ZLEMlonRsE, RA1E
il A SRS LA N B IRAR T, 0 Vo Cy BRBEARALARRL, (H i T IRORL RS OR, Smi PR 1 AR A 3 1k
[2].

AN MRS AL Tiv V. Fe SRS L EWREVE R IAGRLEER, ElT FesN T
H, SENBMERSENR, SEEZSN SR, Bike. ROEESRE. B BEErosE AR
REP AR AR TR, AR AN BRI, el 4NN 30~50 ppm [3] [4].
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2.3. VN L SR St R4

AN TRETE 14, FTPFZ08x10°M (A OJE T2 066 x 10°M, NIt O RTRIK), 7
WEE AL Tiv V&R RRE G, S m s (. i egil) [51. E8Hh N & =46
K, 75 00 By R B A o R K He I s i o B T %

WV ICRE TR 51, KESBIUEEARAAENS, HR5M]F 0. N CE R EY, Hi
217 10%~20%M V 5 N JE AL VN AL &4 . 4N 1 [V]: 0.10%, ¥ 5 0.0027%~0.0055%f1] N 5 F-(27~55 ppm)
LR VN LB

TEARER 45 5 A 7= 1) VN A PR RH IR K, Bl AR in#4 7+l 1) 1100°C~1200°C, VN [a]7% £ 8
Ak, FEFLHIEFE KBl f5 v 20N, VN A 1100°C FF AR 7E B AR Fhffr i, SRRISEAT H 1 VN RE RORE £ /D>
HAEK, —HZF 650 CEGREPIIANT . AN I 2R R IR LR, A A RSk
B FE PR, AT R Je/b— TN 2 IR B KRR —~ 2> —~ 4 1k R VN AT 2R ok
R SRER I, L RIS, 45 80% VN T H HBURL R ~F7E 20~100 nm G, #inT4 SNt
SREIVE . XA AL AE T AR AR B R T AL O FRIR, SR AT B NBURLAT $L A A, BRI AL
W, RSN SIANH/NIT AR AR SRR AL, FE RS A R SRR 6] [7].

2.4. SAE6140 IR EESH

SAE6140 J& T & & 45 i NRA, —MAEWBUIRA TER, XML 2 o3 S 28 P REA A I 24K,
WSy WA 1, J1 AR Re SR W4 20 G i i s B s s B A m e IR i, 2R & VERELL 40Cr Z24F, ¥
AT IB I O EINERS 8 v &5, ak BB N, (A TR KOG PR 0 ) B U s B MR, IR
N ERL AL, PRI U, SR TR, A S i 5T R

Table 1. Basic requirements for chemical composition of SAE6140 (wt%)
= 1. SAE6140 L3 Al 73 AR ZEK (Wt%)

C Si Mn P S Cr \Y/ Cu Ni
0.38~0.43 0.15~0.35 0.65~0.90 <0.030 <0.030 0.55~0.70 0.10~0.15 <0.30 <0.25

Table 2. Basic requirements for mechanical properties of SAE6140

52 2. SAE6140 M RERARE R

Rel/MPa Rm/MPa Al% ZI% M) f#E/HRB
>735 >885 >10 >50 >71 95~103

3. ITEHMUHES

R Z LA, Wit S A T2, 4L T 245 SAE6140, A7 &7 2 BRI /1251
B, WFE 2 FTLLB M, J1% MRS R e 7 FIRME, tRmatAn, BEERROMR, M
WAL TZ, RS 4R IEIEA, RRIKARMNIIRE. Fik, *TEHTRL, THEREE TS
B, FEA SRR LU L TR L TStk A ek,
3.1 BHIPREIERIERER

Bt i AN RN B, SR AT BT i, RS R AU 18] F B & e e th R il
R AR RN, AR K e 0 AR BB RV R A e, DR KR B e AN TR, IR PR TR AR

DOI: 10.12677/meng.2022.91002 11 ek


https://doi.org/10.12677/meng.2022.91002

[ AR B A AR SR, R AIRAR K 2 B i
3.2. FEEMESRMAEL N TE

R B, ARE T 25 0 M 4> BaR K SAE6140 AN LR AR RIN JG , ISR S S, V.
N & B Bk 28T E s O A R A 48 49 H V] 0.10%~0.15%, Frbl N JCR S EEITEE N
0.0070%~0.0100%. XA~ V. N & & HF LEoE & FLR T2 G+ VN FT R BeE s,
KL =N s .

3.3. {FELIEER T Z42HI NV BAAT H EAMR T

56, INPFERIRIFAE 1100°C~1200°C 3 FEl 4735, 30~75 min, {8 45 SRS ) VN LA 0] v 31 B Ak
Bt i 2L 1) A [ A [ 40 5

HFIH VN iz, 76 849°C i M H sl A VN BURLK BT s 428 ) [ B9 i/ ¥4 400368 152
0.7°C/s~0.95C/s, #4841 80% VN 7 HiAH kLS 7E 20~100 nm i3 il o

e R AR AT 6V, LRV IE N 1.0°Cls~1.5Cls.

TZiEH R
4.1, KHERHHRAI RERTERR

R AL T2 )5 () SAE6140 FE 5, $UR A 24 mm, % HELHI 5 204N R BUAS V4 A2 V4 P P i gk AT
SR . Hd A Ay 4°Cls, BV EE N 1.0°C/s f1 1.5°Cls, HETR BB HI T2 W% 3.

Table 3. SAE6140 components (wt%) and heat treatment process
% 3. SAE6140 R 53 (Wt%) R ALIET Z

C Si Mn P S Cr \Y N
0.42 0.22 0.68 0.018 0.017 0.563 0.108 0.0093
TP A 950°CHUKESG, 25v8, WAHIHE 4Cls
28K 950°CHUFE G, 4%, AHIEE 1.0C/s
3#bE i 950°CHUFE )G, 2B, AHIEE 1.5C/s

4.2. SCHElE VN #illE R

B b 3R S0 ) 46 B B E B AR U A AR S, AE JEM-2100F 784525 5 e 455 b o URE Hh (RO BT R A 2R AT 0
8%, F INCA RESACHHT HAHHEAT By 0T, S5 R0 T -

WHFENT HAHBCR IR 2, A 5), FENH/NER C(CN), ﬁ¢$20%nmm%%ﬁ%mmAm¢
i 45~135 nm HIAEUIBURIAH, B SR E 204 Ti(CN) + V(CN), Ml V(CN), WI1E 1,

2HFE . SHFENTHIMHBEAM ZEA S, HE 2 HRE, \ﬁﬁﬁ FERYI/NEUR C(CN), o=
20~60 nm BRI BURLAH A M /b i 60~135 nm KLU BURIAH, B IRA EFH Ti(CN) + V(CN), Millh
V(CN), B4, JREBXIA7E s K 20~200 nm HIZF4EIR V(CN), TLE 2. [ 3,

TS B IR R, H D E RS RORHIBRLN Ti(CN) + V(CN)IE G40, Ti(CN)FIHT H iR B 5
B, EEAE 1200°C LA L, fESEE A, AEELE]E, Ti(CN)SEHTH, WA Vv 2L Ti(CN) A% O
FE R A4 Ti(CN) + V(CN).

4.3. R
B P E T2, $REUN N S22 R AT X B, AT S 1S AR IR LR 4. NGE 4

DOI: 10.12677/meng.2022.91002 12 ek


https://doi.org/10.12677/meng.2022.91002

RRIDAE H, AARCRARE IR, sREIPE(E 2538 7. Rel 104.07 MPa. Rm 187.05 MPa. A 16.27%-.
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Figure 1. Air cooling precipitates of sample 1#
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Figure 2. Slow cooling precipitates of sample 2#
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Figure 3. Slow cooling precipitates of sample 3#
3. MBI
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Table 4. Comparison effect of mechanical property values before and after optimization
= 4 MUBIRNF R ERT LR

Rel/MPa Rm/MPa Al% ZI% il fifi ¥ /HRB
HRALTHT (P35 {H) 805.93 962.95 16.73 59.19 115.3 96
AL (P35 {H) 910 1150 23 66.5 168 99.9
WA +104.07 +187.05 +16.27 +7.31 +52.7 +3.9
Frife >735 >885 >10 >50 >71 95~103

5. Sth5itie

pliibukicct ik L SVA T NRiURes = S AV N b AR 7 i=a b AV S )L ol (92 SVl NN A e s 5 0
HTF. fide T HM SAE6140 R ik Cr-V M+ [V]: 0.10%~0.30% & & A8 1k, ¥ & [N]
0.0070%~0.0120% (R} 70~120 ppm), Ff4%#] VN BURLF: 20~100 nm 5 80%, B )44 i AR5 Rel 455
80~170 MPa. Wi/5 K2 (e =) A $2 15 3%~5%. i T Aku2 $2 10~20 J.

TEANIR 28 A 77 1) VN A S PIRTRL RO IR K, B AN IN#A T HIR 21 1100°C~1200°C, VN [ali7 3 B
R . FEFLHDEFE S B J5 ¥ 208, VN M 1100°CHUATE B IR T, BB T 1 ¥ VN AR 0N 2 />
BHAK, —HH 650 CTESF AT IIA N o BT I T2 B 2 TN B, A H A RS B Re R )~ ;
B FEAIC, A B AR /b — IS 2 A B i REOR — B b —~ 1 1k ) VN T R kL
FOFP SRR, £ L2 FRBUEIEFAEA T2, 5 80% VN H Hi AR R~ #2 il #E 20~100 nm i [,
RS A SR TIVE o X B O A R AR T HEAR AR B R TTIE R AL K LR, TRERC AT ) /NBORL E L AR
Gt BHARAZESWE R, SR It AN /T HARLE dkr Attt PR S AN A BRI

6. &t

1) EFEHEE VSR, RN N TR S = VN SRR AR SRR = SAE6140 AW )5 )
P, BRARAE P A . B 5 SR B T .

2) MRAEHV]: 0.10%~0.15% 5 &A1k, #RIN%E[N]: 0.0070%~0.0100% (Rl 70~100 ppm), FfFH
PRI T2 VN R R ~F: 20~100 nm (5 80%, B AT 4R iAW i J1 24 1k e & T 46 4

i LR, UOEINT NGRS E,. BHANE VN AT HA RS SE, o6E TR, b sk
T, R FEAMEME I FECRA, BILIREIR . RIS, SRS T = I Em LRI 56 4 77 .
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