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The Study of Low Carbon Microalloyed Forging Steels
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Abstract Effects of the microalloyed elements, temperatures and cooling rates on the strength and
toughness of the medium carbon microalloyed hot forging steels obtained by air cooling(A.C.) method
and the low carbon microalloyed forging steels by direct quenching(D.Q.) method were investigated.
Combined additions of V+Nb produced the optimum combination of strength and toughness with ferrite
-pearlite structure of the medium carbon steel by the A.C. method. 831MPa in UTS and 52.1J in tough-
ness were obtained for 0.40C+0.12V +0.07Nb. It was martensite structure for the low carbon steel by
the D.Q. method. The highest UTS and toughness obtained by Mo additions were 855MPa and 108J by 0.
12C+0.10V +0.03Nb + 1.13Mo respectively. Especially, the toughness of the low carbon steel was twice
better than that of the medium carbon steel. 1100°C was more appropriate than 1200°C for the reheating
and forging temperature and 1.2°C/s was the best cooling rate from the viewpoint of the strength and
toughness. Multiple regression analysis was used to quantify the influence of the microalloyed elements,
temperatures and cooling rates on the strength, toughness, austenite grain size, and the pearlite
interlamellar spacing.

1. M £

wjzA 7} ol& WoodheadVoll o3t Ayt
Ba7e] 938 &% (quenching & temper-
ing)& g3t V, Nb, Tig €3t& ¢ s
E d4948 vFHsd saFdte 1A
AAdE de AAEMN, Aodzyied #¥E
A F2 ATV} olFAAZe™ ARY n|

Ast AFE e Aol F8 FHAHTY st
2 Hojldh dAY viAste vFHAT €
29 Ngex % dxen, YAEE29 A
ol zole] 2o o3 dojE & Ued A
FH/MALe F33 48 A7 /M3 HF
AH Ee 3 AERE AdAAA 2HEE
mA AT d AP 53 AL Ti, Ve &

Z2H Ev dx F €3E 9 AsE ¥4

— 452 —



2 Wk - FEY  E2Bd e A/ Y 49 AeEs wzyPd 48 A7

S 53 23Y 4% IdAEz, Nbe g
a7, A¥RIINES 53 8gd oxHy
olE AL AFFAHoZN AAHL AA
AFIS F74EQA AAYE AFLS AA TG
ety DAALEE FAEA JEARER @
3 AME] Ay LAHUEZRE 9 W
= #HgolE AAY A7E uAAgAA e
ZE 2 FAAANE FAA7TT HiE
U, 7td e @ dRerE YR o
2 @ho] ZUistete) $AANe] ol 1
E7b %em FEY shulols Ribe] o] Fof
AA ot Fxet AAL FAAY dz%
WhETe 4489 nAds 2 273859
Jled g mebd wzAR A7A FFE2,
et WAEEE FHs meisaop @
o mHRA B dTgMEe Fes uz2d P
Z1AA AAR v zF g V, Nb, TiE
o HrlAe YL nRE} g &
A AT NEFD AH 29 e 93 A
B4 v zAZ U MoHsla#nEs dst
[, 7 AojgzRAe) exe Yy
of ol% Edx HHBEIT ol HrgL, &
= 2 ¥aEnd 93 JAY HA n4z
ol tigt F3 A BAHE Tt AZsso
EH F% 924 wzARe] Aestd g
128 AF3tar s

2 4 g uy

E 12 & d7A A" A He sgtz
doltt. HY 1~HY 7& Z@2 wz3d%3e
ATl AEte B@aTFL 04wt%h FFo
2 3 Folth, £3 HY 125 V g¢=3s5
o, HY 34% Nb @=#H71&3, HY 56,72
V+Nb E&371aas 2Ae7] a9 §
39t HY 8~HY 12& @4 &2 0.2wt
% FE08 st V4+Nb, V+Ti®AED o
TEHoR FgFsgon HY 13~HYiee
SAFE 01lwt% FFOZ 33 V+Nb+
Mo &3 7t o3t g A998 vz3RL
d78t7] At gFegn. £ stdex
of olgt a%E AWHEY] 989 HY 1~HY
10747 1100°C, 1200C & ¥o] ZANSIY S
o, ¥zt& 5o 93 FHRE RA}Er] 95y
HY 8~HY 109 tlats 0.17TC/s, 1.2°C/s, 1.8
C/s9) WA&ER2 U¥o] 7143 4Ax o

o 2 K

Table 1. Chemical compositions of experimental
alloys(wt %)

Alloysy C | Si {Mn{ S | V [Nb| Ti | Mo
HY 1/0.39(0.18{0.62(0.01{0.10
HY 2/0.38|0.27 [ 0.69 {1 0.01 [ 0.15
HY 3|0.41|0.30|0.68 | 0.04 | 0.02 | 0.07
HY 4)0.43]0.2810.71]0.01]0.01]0.12
HY 5{0.40|0.38 (0.66 {0.01 [0.04 [0.11
HY 6(0.40(0.25(0.65 [0.01|0.10 [ 0.05
HY 7]0.40|0.27 |1.19|0.05 [0.12 | 0.07

HY 8]0.210.30|1.45|0.01|0.07 0.00
HY 9/0.2210.301.26 | 0.01 | 0.07 0.01
HY10/0.21|0.30|1.26 [ 0.01 |0.07 0.02

HY11/0.22 0.06 {1.22 [0.01 [0.10 {0.09
HY12 0.22/0.0311.00 }0.01 |0.10 | 0.05

HY13/0.14]0.25{0.6510.01 |0.10|0.03 0.00
HY14{0.140.200.81 {0.01 {0.10{0.03 0.30
HY15/0.12|0.24 | 0.80|0.01{0.100.03 0.60
HY16/0.12|0.24 |0.82|0.01|0.10|0.03 1.13
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Table 2. Some mechanical and microstructural properties
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1100C 1200C
Alloys | UTS Cv r-GS* | a-%** | PIS*** uTS Cv r-GS* | a-%** | PIS***
(MPa) ) (4m) (%) (um) | (MPa) ) (4m) (%) (ym)

HY 1 735 34.7 82 27.6 0.288 756 16.0 125 17.5 0.298
HY 2 890 225 77 15.6 0.263 935 15.7 117 8.5 0.260
HY 3 698 41.2 74 25.4 0.282 757 22.6 110 18.4 0.290
HY 4 696 45.2 70 34.6 0.297 784 24.5 91 15.1 0.282
HY 5 657 51.9 79 38.5 0.273 765 24.5 113 18.3 0.275
HY 6 875 | 483 86 14.2 0.266 937 20.1 150 5.7 0.270
HY 7 831 52.1 71 20.8 0.261 894 34.7 104 10.1 0.260
HY 8 659 149 112 27.7 0.217 668 135 140 20.2 0.387
HY 9 632 164 35 42.6 0.194 636 163 47 41.9 0.260
HY10 640 170 29 48.1 0.181 642 171 31 47.5 0.195
HY11 652 119 38 43.2 0.205

HY12 648 126 43 40.1 0.192
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Photo 1. SEM photographs showing pearlite interlamellar spacing of the steels
(a) HY 1(0.10V) (b) HY 3¢0.07Nb) (c) HY 5(0.04V+0.11Nb) (d) HY 6(0.10V +0.05Nb}
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Photo 2. The microstructures of low C microalloyed steels by Mo additions( x 200)
(a) HY13(0.0Mo) (b) HY14(0.3Mo) (c) HY15(0.6Mo) (d) HY16(1.1Mo)

— 456 —



6 Wk - T B RYE Yie Y 29 Aedd nzAYd 48 A7

9l Vol &= & F7/AAN LE&ANAHRE
Z7tA 712, HEENAE Nb, Vg BEHO
gg3EA AGAP S F/ANAY HE
IR &L F/AHoEZN NEHsaa
ZUA719 o g2 HYUEE o=
A F7HA1 71t $HH Mo rte T4
78 RbeE&Er =AM Zog MEES
BAAZ o2z QA4S AR AT
3 e ¥ % mE Ya&EEeE w2
HAolE HEEE X3te] % ©@st&e v
Azt € 23 AdP=E AHE MNP
Nagasato'¥= MoH 77t HEZ719F EA 9
Mol 254 E QA4S F/d1n A
T3 Nbe wrg whg&xo) o3 v &
A Z2FE vAAF ez QA9 Frel
714 8o}, AR 2= Mo 7lol & R A A}
A(x200)0.2 wl2dAlo]lE F2E YEehd
i 9tk (a)y 0.0wt% Mo, (b)¥ 0.3wt%
Mo, (c)&= 0.6wt% Mo, (d)= 1l.1wt% Moo]

=g

X o gk

900

ase

800 —]

780 ]

700 | 1o
r—lu

-.-J '—”9
w0 S

o —{ |- 2
- 00

ss0 | 50
40

00 ! i ] ( 1 »

0.4 08 o8
Mo additions (wt %)

0.0 02

Fig 1. The strength and impact toughness of the
low C microalloyed steels by Mo additions

' (b)

Photo 3. TEM photographs showing the dislocation density & carbide distribution

(a) HY13(0.0Mo) (b) HY14(0.3Mo)

(c) HY15(0.6Mo)

(d) HY16(1.1Mo)
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Photo 4. SEM fractographs of low C microalloyed steels by Mo additions
(a) HY13(0.0Mo) (b) HY14(0.3Mo) (c) HY15(0.6Mo) (d) HY16(1.1Mo)
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Table 3. Cooling rate effect for the mechanical and
microstructural properties

Rate [UTS | YS | EL. | RA| Cv | HeB[ PIS*[ **
(TC/sec) (MPa)(MPaJ(%) (%) ) (pm)| (sm)
0.1 | 578 | 380 | 264 | 57.8| 176 | 84.7)0.187] 0.012
12 | 640 | 435 | 244 } 50.8| 170 92.3}0.181} 0.011
1.8 | 652 | 449 22.0i48.5 166 | 92.410.149! 0,009

*PIS : pearlite interlameliar spacing, **t : cemen-
tite thickness
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+49(%S1) +1710(% V) +320(%Nb) +0.5
("C)+65(In(C/s))
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