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Dynamic CCT Curve and Microstructures of Antimony
Micro—alloyed HRB500 Low—temperature Steel
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Abstract: In order to reveal the change and reason of microstructure and hardness of antimony micro-alloyed ferrite
cryogenic steel during continuous cooling transformation , hot compression tests were conducted on a Gleeble 3800 ther-
mal simulator and the dynamic continuous cooling transformation ( CCT) curves of the experiment steel were deter-
mined based on the experiments. The microstructure and the Vickers hardness at different cooling rates was character-
ized by optical microscope and microhardness tester, respectively. The results show that when the cooling speed re-
mains at 0.1 ‘C / s, the microscopic organization of experimental steel is composed of polygonal ferrite and beads ;
when the cooling speed is within 0.3 ‘C-1 ‘C/ s, the microstructure appears as polygonal ferrite, pearlosite and
granular bainite ; When the cooling speed is increased to 3 ‘C/ s, 40 “C/ s, the microstructure appears as polygonal
ferrite and plated bainite. Due to fine grain and granular bainite strengthening, the hardness increases rapidly from
172. 1HV to 207. 7THV when the cooling rate is 0. 1 ‘C/s-1 ‘C/s. Due to the refinement of the microstructure and the
increase of the proportion of plated bainite, when the cooling rate is 3 ‘C/s-40 “C/s, the hardness increases linearly
from 214.9 HV to 261.8 HV with the cooling rate. The suitable controlled cooling interval of Sh-alloyed ferritic cryo-
genic steel is 3 "C/s-40 °C/s.
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Table 1 The chemical composition of HRB500 cryogenic

steel %
C Si Mn Cu Sh Ni Al Ti + Nb
0.08 0.37 1.55 0.28 0.19 0.86 0.04 0.05
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Fig. 1 Experimental schematic diagram of HRB500 cryogenic steel: (a) dimensions of dynamic CCT specimens, (b) the process of

hot compression tests



- 106 - FFIR N

546 4

200 g, INZLATE] 10 s, B RFER 5 A4S A5, BOF3 1 .
2 EREIH®
2.1 REAERIBRALRZN

&l 2 F1 &l 3435152 HRB500 {5 Ui 4 76 481K (0.1~
1 °C/s) FIAZ 5 (3~40 C/s) B TE F AT OM 4141, 4%
BN 0.1 °C/ s B, SEE AN B E B L2 BRIk
PG, IR BROGIR I A TR BR R R A AL, %
PET 2 0.3 “C/s, WA BN ER 2 M S s i 2 404k, 2ot
TR B0k /N, % B0 Rk D1 A (Granu-
lar bainite, GB) . f£0.5.0.3 °C/s {33 F 325608919 i
A BURRAE - — 3%, HORBRR Rk — 2L 4 ik, 2k
FEARTE A ROIR DGR 2 0 R K E 1 °Cls
i, 22U LA S BOGIR  i k 22 A SRR D
BORY N2y A R AN 1 I o 1 D O e T A 1 2
B V4 AR A A R AT« Tk 2 AR AR Ak e A
SR ST JE T BB AR AR, ¥ G R R
B, SR LR RO BN R A
AR FRERIEAZ, I BB Z R Sk K Kl it
RS FIA 4 J - B 10 R G, v s s R m]
YAk Aok Beak, i O RARFG A A A D) AR AL
il , ¥ T A T I DL ERAAREE AR 1 2 A AT B
RER DT ECAAR L 5] Bl ¥4 3o 8 RT3 2

WK 3 7R, 2498 808 3~40 C/s v, BROBIR5E 4
TH R, DRI 25t bR A8 Syt 250K, it i 41 21
F= 5 M SR DL R AA (Lath bainite, LB) Fl4k & (A Hy
B, I H AR R DU I L 5] il 2 ¥ S5 i K. i
TRLR DU ECAA B TR ol il B AR X T A 2500k DT R4 2
i, R, 204 S R 3] — i R B R Al AT
DURRARAEAR o Be Ak, DU IR AR R % I 5 ¥4 1 1 A 4
o 3SR T AR AR I A BRI 1 TR R ECAAR
L AR R B Z2 R HE TR e DTG (AR Al A% e 5 2]
gk,
2.2 REANERITEEE K EZ N

&1 4 2 HRB500 {1 I 3K 75 A [m] 74 3 T i) £l i A2

(b)

100 pm

gk . WE 4R, BERHEMN 0.1 Csii R =E
40 °C/s, S 56 A0 i) £ B St B0 L T . ARV
3 0.1~1 °C/s B DX TR P, A B2 A 172, THV PR K 2
207.7HV o J5 PR 32247 W 0« H— VR sl B Rl 1 41
YAk, T | 4 d it A 5 ¥ B R AR fifT Bk
FEAR LA /N AR AR 2E T DU EC AR AR AR , (2 21 rp iy
REPR DT ECAAR H A7 386 K, i DU G AR 1 5 A R0 s T 3k
e S ARV 1~40 “C/s B X TH] P, Fifi 25 ¥4 T 1) 44
K, HRB500 I i 59 7 A B2 39F — 25 D 214.9HV 34 K
2 261.8HV, HEfE S5 A RLM LR, XiE
P T L EE DX R] PN, ZH UM R R AR Al 451K DL G
A, Bl ¥ R G R, 2 R DL G AR M A5 A0 Ak Bt 5%
R DT FCAAR 38 = A s AR . T AR M Bl
b 5 B e SV A A DL

2.3 ZHECCTHESH

R )10 Ak 3B ik 1 2%, 75 2 i $ s 5hy
10 “C/s BB Ac, Fl Acy 739018 725 916 “CLL KA HIBY
B TP UR IR T NS AR T, W 2.

W 2% 2 v B T 2 I A L - ) 6T e Al
P, 255 SEU AN A 0 G2 SRR B AR A T A o
] P L ) LA B S, i LA A (] 4
) S I U R G DL i RAR T SR
WMEYEhZAS CCT L, W& 5 frs . 4% 3 M 0.1 Cls
A, S 000 7 AR AR e R Hp TR e A S R R AR
DL BRI . Ve T = 2 0.3~1 “Cls I, JiE
T B A, T RS AR IR S
it o ¥4 1 1 0T s D 5 R IR 4 R ) 5 A2 gk T
REAR DU PR A AR 1 e A i i Bt o V% S A 3 A
RGN, 31X P20 T S Y6 AR AR bR b 274 i 4
K2 3~40 C/s B, b ¥ B[R T ZE BRI EE T %
S SRR AR DL TR, ¥ SR R A E T Ml SR DL I A
U @ T3 NN N A I N L8 T i 1)
BTG/ 3K B R PR i — A K

S5 S0 BN A RE R I v 2 2 A v Y AR Ak )

100 pm

K2 HRBSOO Il S 7R (R2 H A AT : (2) 0.1 °Cls, (b) 0.3 °Cls, (e) 0.5 C/s, (d) 1 Cs
Fig. 2 OM microstructure of HRB500 cryogenic steel at lower cooling rates : (a) 0.1 °C/s, (b) 0.3 °C/s, (¢) 0.5 °C/s, (d) 1 °C/s
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3 HRBS500 (KRN TER =R P4 A« (a) 3 °C/s, (b) 5 °Cls, (¢) 10 Cls, (d) 15 °C/s, (e) 20 Cls, (£) 25 °C/s, (g)

30 ‘C/s, (h) 35 °C/s, (i) 40 °C/s

Fig. 3 OM microstructure of HRB500 cryogenic steel at higher cooling rates :

(e) 20 °C/s, (f) 25 °Cls, (g) 30 °C/s, (h) 35 °C/s, (i) 40 °C/s
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Fig. 4 Hardness of HRB500 cryogenic steel at different cool-

ing rates
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Table 2 Phase transformation points of HRB500 cryogenic steel at different cooling rates
o )/ A—F AP A—P+GB A—F + LB
(C-s™) T/C T/C T/C r/C T/°C T/C T/°C T/C
0.1 742 665 665 596 - - - -
0.3 731 639 - 639 578 - -
0.5 716 623 - 623 568 - -
1 713 503 - 503 471 - -
3 - - - - - 664 397
5 - - - - - 644 387
10 - - - - - 646 353
15 - - - - - 632 354
20 - - - - - 634 321
25 - - - - - 650 343
30 - - - - - 635 346
35 - - - - - 644 352
40 - - - - - 630 357

VE T WS TF AL ; T by 25 i

1000

Ac,=916 C

800 -

200 [

i lb i(;O 10.00
o /s
5 HRBSOO TR h A CCT ik
Fig. 5 Dynamic CCT curves of HRB500 cryogenic steel
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