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Effect of Precipitate Phase Pretreatment on Microstructure
and Mechanical Properties of High—strength Bolts

Wang Xu, Wang Ying, Wang Yang, Zhou Lei
(Special Steel Division, Nanjing Iron & Steel Co., Ltd., Nanjing 210035, China)

Abstract: The effects of different heat treatment processes on the microstructure, mechanical properties and delayed frac-
ture properties of $8 mm 42CrMoVNDb high strength bolt steel were studied, and the effects of different quenching, temper-
ing and precipitation phase control processes on the microstructure and properties of the steel were compared. The experi-
mental results showed that the grain size of steel after 1 100 C and 1 200 “C temperature precipitation phase control treat-
ment was effectively refined, and the amount of carbide precipitation in tempered martensite increased, which effectively
improved the strength and toughness of the material. Particularly, during the tempering process, precipitate phase control
treatment had a remarkable impact on enhancing the tensile strength and ductility of the material. The results of delayed
fracture test showed that the delayed fracture strength ratio (DFSR) decreased gradually with the increasd of strength, and
the delayed fracture performance of 42CrMoVND steel was higher than its 42CrMo steel of national standard 12. 9 grade;.
The delayed fracture strength ratios of 42CrMoVNb steel after precipitation phase control treatment were 0. 77 and 0. 76 re-
spectively, the delayed fracture performance was significantly better than that of 42CrMoVNb steel after conventional
quenching and tempering treatment at the same strength grade. The optimal process at the 14.9 strength grade
wasl 100 ‘C precipitated phase control treatment + 940 “C quenching +595 °C tempering.
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Table 1 Chemical composition of the experimental mate-
rial 42CrMoVNb %

C Si Mn P S Cr Mo \Y Nb Al
0.43 0.14 030 0.003 0.001 1.10 0.55 0.33 0.04 0.01

1.2 HHAEBTEGIT
F T BEANRF T A [V B kT2 R LR A
T2 A L B A 2 2 1 2 T R I S ) o Bk

BT LA W2 BARRAE S T 2 905 XS4
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UL EE T ¥R 45 min J5 259 (AC) B == I, FERE D
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X 90 min,

SE ORI BE LA & T B SEbR IS oL, TR H
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Table 2 Heat treatment process parameters of 42CrMoVND steel

PAbH )y T4 TZEH
Q-1 940 °‘Cx45 min, 0Q (JH¥4) 480 “Cx60 min, AC
Q-2 940 “Cx45 min, OQ(H¥&) 560 “Cx60 min, AC
Q-3 940 “Cx45 min, 0Q (J#¥&) 580 “Cx60 min, AC
Q-4 940 “Cx45 min, 0Q (JH¥2) 590 Cx60 min, AC

P AT K Q-5 940 °Cx45 min, 0Q (Jl1¥%) 600 ‘CX60 min, AC
Q-6 940 ‘Cx45 min, 0Q (JfI¥2) 620 Cx60 min, AC
Q-7 950 “Cx45 min, 0Q (JH¥) 600 Cx60 min, AC
Q-8 960 Cx45 min, 0Q (JH¥) 600 “Cx60 min, AC
Q-9 940 °Cx45 min, 0Q (ifl1i¥4)595 ‘Cx90 min, AC

5 A B A-1 1 10(2 Cx45 r.nin, AC 9400><45 mirf, 0Q (iﬁ??é,?) 595 °(j°><90 min', AC

A-2 1 200 ‘Cx45 min, AC 940 ‘Cx45 min, 0Q (JH¥&) 595 Cx90 min, AC




546 4

TR

KAk

300 pm

3

558 AR R A B VR K 42CrMoVND 8 S k7 BE : (2)940 CERAES, (b)960 “CHAA, (¢)1 100 “CHT H AR HA ) b 3

F1940 “CHEAZS, (d)1 200 “CHTH AT I AL BT 940 “CEE K 2

Fig. 1  Grain size of 42CrMoVND steel after quenching and precipitation phase control treatment :

(a) 940 °C quenched condition,

(b) 960 °C quenched condition, (¢) 1 100 °C precipitation phase control treatment and 940 °C quenched condition, (d) 1200 C pre-

cipitation phase control treatment and 940 “C quenched condition.
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Fig. 2 Microstructure of 42CrMoVNb steel after heat treatment :

(a) 940 C quenched condition; (b) 940 °C quenched + 480 °C tem-

pered; (¢) 940 °C quenched + 600 °C tempered; (d) 1200 C precipitation phase control treatment + 940 °C quenched + 595 C tem-

pered
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Fig. 3 Scanning electron micrographs of 42CrMoVND steel after heat treatment :

(a) 940 °C quenched + 480 °C tempered; (b)

940 °C quenched + 600 °C tempered; (c¢) 950 °C quenched + 600 °C tempered; (d) 1200 “C precipitation phase control treatment +

940 “C quenched + 595 °C tempered.
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Fig. 4 Transmission electron micrographs of 42CrMoVNb steel : (a) 940 “C quenched + 595 °C tempered; (b) energy spectrum

analysis of the arrow in (a); (c¢) 1100 °C precipitation phase control treatment + 940 ‘C quenched + 595 °C tempered; (d) energy

spectrum analysis of the arrow in (¢).
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Fig. 5 Mechanical properties of the experimental steel after

precipitation phase control treatment and quenching—tempering
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B2 B 1) N RE N 2 & AR W 22 (B2 2 Ao i 2]
1750 MPa I5F, 75 B 2 B [6] P A7 38 3k 09 o A AS i ok
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El6  42CrMoVNb JEIFH W FIES : () () Wi FTEEARIES ; (b) (D EF4EXTES; (o) () RKIESL; (1) (W) 551

Fig. 6 Fracture morphology of smooth tensile specimens : (a) (e) overall fracture morphology; (b) (f) fiber zone morphology; (c)

(g) crack propagation zone morphology; (d)(h) shear lip

ONe oy 100% = 1122 = 0.63 (2)

DF
R = 2738

%3 42CrMoVND $f Q-4 T Z1E a7 IR B 2K I8 #14R
Table 3 Constant load delayed fracture test data of
42CrMoVND steel Q—4 process

Q-4 T2k

Eepe . 73 IMPa HL 71 IN Bfal/ min - J2 A5 It
1 1200 9057.212 6000 SEIEU)
2 1400 10 553.12 6 000 ke
3 1500 11285.02 6000 biikul
4 1600 1151422 6 000 SRR
5 1700 12 282.41 6000 biiRul
7 1750 12987.8 6 000 SRR
8 1750 13 157.35 110 Wi
9 1800 13 202.89 86 3
10 1950 13 783.74 49 W
11 2100 15 656.42 45 Wi
Q-9 T- 2 1 400 MPa 5% Ji 2% 51| T 114 1 48 fif 4iE

IRWT G ZE N, Sk T8 B oy M 2 480 MPa;
JNEE N F1 4 1750 MPa b, f5 228 4 $57 4§t Bsf 6] 2 48 3
100 h, {H 2457 Sy it —25 T+ 2 1 800 MPa A, i 28 far
(8424 5 210 min, 5HLE 100 h 2Z Bk, 90 A8
oo BIFE R IS [R] P R & A 4 1 B K 71 o,
1 750 MPa, &A= Wi A1 /N J7 0,28 1750 MPa, i
FEWT N T oy R 1 750 MPa, f5 2877 4E 33 W7 5458 3
Fb R 0.7, HAREHE UL 4.
%%SjﬂzchOVNb o DR B M AN (] e B
B HE R T 2 RE , LA Q-4.Q-5.Q-6 T ik 0 %k
I Kﬁ%ﬁﬁh&ﬁumrﬁ“ﬁ JIER W7 2450 B Lb i

%4 42CrMoVNbD R Q-9 T 2 |8, 157 1 iR i ik 16 404

Table 4 Constant load delayed fracture test data of
42CrMoVND steel Q-9 process
CORiTa M TSN R min R
1 1 400 9953.13 6000 bios
2 1500 1084.11 6 000 biiRu)
3 1 600 11 015.25 6 000 SEEUN
4 1700 11 944.6 6 000 biiEu
5 1750 12 386.5 6 000 Eiipul
6 1750 12 254.84 6 000 biiBu
7 1 800 13013.48 5210 1Bt
8 1 800 13 858.89 2862 i3

0.64 Z #iH2 7+ 5 0.87, BV & EAE IR Wi 4 s bl
558 B GO R BT N . HEEE Q-9 (AT A2 =T
2RI EHE TR0, 0T R AR AL RS R R
FEIR] A 14.9 9 B K1 Q-9 T4/, H A-1,A-2
P T2 A B 1 BT 58 B2 4331 A 2 541 .2 503 MPa
¥ F Q-9 T2, 23R Wi 245 1 kb 43 51 o0 0.76
0.77 tb Q-9 T 219 0.71 &1 , BP 24t th AR FE il Ab B )5
AR R TR IR Y g 2 RE I A5 06 A ) S
R R BE AR R — N = K. & e, #E
14.9 3R FFAET , A-1 5 A-2 T2, Yo om BE Fn i 11
PR i AER KRR LURSAIC, B A -1 T2k
7 R T 00 X AE IR W 2458 B L (DFSR) Fifi
PUPL R ) A8 Ab A, X L 4K (42CrMo) B DFSR %%
PR T SCHR S . S5 R R, 7R TR 5T A 5k S
N, IR 564N RN 42CrMo 9 (1Y DFSR 47 [ 3 J3 42 T} 1 [
i, 1200 MPa 38 B 2451 T () 42CrMo i F£ DFSR
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Table 5 Delayed fracture performance of 42CrMoVNb 0.9
high-strength steel at different strength levels o0sl 42CrMoVNb -
(4
‘ ean ) GE g S
Tzé%% ﬁ}ﬁﬂ%]}f/MPa ﬁku?\/{ii}igﬁg/ ﬂﬂ%{g@?ﬁlﬁ 2 0.7
Q-4 1510 2738 0.63 L] 20Me ~_ T
Q-5 1420 2442 0.77 Eé 0.5
Q-6 1316 2202 0.87 ‘ﬂsﬁ 0.4
0-9 1430 2480 0.71 0.3
A-1 1474 2541 0.76 02}
A-2 1463 2503 0.77 0.1

0.61, 1500 MPa 5 J& 2% | T 1) 42CrMoVNb i #
DFSR 47 0.64, 25 K B] , 7EAH [ 58 2, 42CxMoVND
B DFSR T 42CrMo 40 . 78 3L Br Tl A= =
42CrMo 938 H AP %L 2 1 400 MPazl 1 500 MPa
SR BRI, BT LA, HRRTE 12.9 GRG0 T F
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