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Effect of Preheat Treatment Process on Austenite Grain
Growth Behavior in Gear Steel SCr420H for High
Temperature Carburization

Su Liang, Gong Shuo, Wang Fuming
(School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083)

Abstract: The effects of heating temperature and holding time on the austenite grain growth behavior of SCr420H gear
steel samples with different AIN precipitation states were experimentally investigated. The equilibrium precipitation and
dissolution law of AIN precipitates in the experimental steel was calculated by Thermo-Calc thermodynamic calculation
software, and the precipitation behavior of AIN in the experimental steel was studied by field emission transmission elec-
tron microscopy. The results show that the hot-rolled and air-cooled samples are mixed grain structure after being carbu-
rized for 0.5 h at 950-1 050 ‘C, and the average austenite grain size level is below grade 5. The austenite grains of the
samples after 1 210 ‘C solution-water quenching treatment do not grow up after carburizing at 950-1 000 °C for 0. 5-6 h or
at 1 050 °C for 0. 5-2 h, the austenite grain size level is grade 9. 5-10. The abnormal grain growth phenomenon occurs af-
ter 2 hours carburizing at 1 050 ‘C. The sample after 1 210 “C solution-water quenching is isothermally treated at 700 °C
for 1 h and then water-cooling so that it can be carburized at 1 050 °C for 8 h without abnormal grain growth or mixed grain
structure, the average austenite grain size is 14 pm, the grain size level is grade 9. 4. The growth behavior of austenite
grains during carburization process is mainly controlled by the solubility and the ripening rate of the secondary phase AIN
in the sample. The size of AIN precipitates in the solution-treated sample after carburization at 1 050 C for 0. 5 h is less
than 80 nm, with an average size of 27. 8 nm. 14. 3% AIN particles larger than 100 nm appear in the sample after carburi-
zation at 1 050 °C for 2. 5 h, with an average size of 64. 2 nm.
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Fig. 1 Microstructure morphology of SCr420H sample hot

rolled condition
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Fig. 2 TEM micrographs (thin foil) of AIN in the hot-rolled
sample
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Table 1 Chemical composition of SCr420H steel %

C Si Mn P S Ni

Mo Cu Ti 0 Al N

0.22 0.28 0.88 0.015 0.01 0.02 1.16

0.01 0.01 0.002 0.001 0.041 0.018
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Fig. 3 The variation of the volume fraction of AIN precipitates

with temperature
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Fig. 4 The heat treatment process of the samples: (a) carburizing process; (b) solution—treated + carburizing process; (¢) solution—

treated+ reheating isothermal treatment + carburizing process
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Fig. 5 Austenite grain morphologies of the hot-rolled samples after carburization for 0. 5 h at different temperatures: (a) 950 °C ;
(b) 980 °C; (¢) 1000 °C; (d) 1050 °C
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Fig. 7 Effect of carburizing time on average austenite grain size
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(¢) 1000 °C=3 h; (d) 1050 °C-3 h; (e) 1000 C=6h; (f) 1050 ‘C-6h



5% 31 Sh AR UEAAL BT 00T SCra20H 14 58 A9 i 12 Bk B R AR ok R KA T 2 RIS ) =79 -

E9 SRR T (21050 'C)BH#0. 5 h I AR FRITES : (a)1 050 “C;(b)1 080 °C; (¢)1 100 C;(d)1 130 °C;

(e)1 180 °C;(f)1210°C

Fig. 9  Austenite grain morphologies of the solution—treated samples after carburization at high temperatures (=1 050 °C) for 0.5 h:
(a) 1050 °C; (b) 1080 °C; (¢) 1100°C; (d) 1130 °C; (e) 1180 °C; (f) 1210°C

5o Fikbr s BE AR R R A ST R AE R
200
]
E 150
i.i[
ur
Q 100
B
50
. :
0 1 2 3 4 5 6 7
i 18] / h
P10 5 ikt FE A 6 X 4 2 0 kR LG P o 441
<FH R

Fig. 10  Effect of carburizing temperature and time on average

austenite grain size of the solution—treated samples

B LT H NI 2 R AT . 2R
G BRI %580 )12 AINMH BT £
SE R 2 AL SR AF AW AR AL O R, O Tk
HH AIN FH AU BT HH R K BT I 1 R 1 o 4
% 500.,550.600---1 050 ‘CA#IE 1 hJ5 /K&, SR 5 H
IRFETE 1050 CIBHK 2 h UK 6 B A4 Sk R,
AR RSN 11 s . R A, R
TE 650 °CAN1 700 “CE5 AL H A URE 28 1B ik I LI
(USRS N aa £ 2 o A o AU v A NS T R IR 5 DN

S84 13.2 wm Al 14.7 wm, £ BFE 650~700 CRf 3T
AINFHA —Hr i 0

R it — 2D AIN (R SR AE AT R R s T Ak
PR FE 650 ‘CHI 700 °C 55 i Ab P AL AE 1050 °C
Bl K A B[], B ECAAR R P28 RUST B 75 o)
B AR fb i 12 iR o R B ad 700 °CA5 iR Ak 2
HIREETE 1 050 “CIB % 8 h LA I, B [CAA ki S
P ROF AN BB B B[R] (9 24 17 2022, 8 14~15 pum,
fn B A 9.3~9.4 P . 43t 650 CAE IR ALY
RAFETE 1050 ‘CIBHR 4 h LN, B ICAR Tk AR & A K
K, TR RSE N 13~14 m £ 6 h P2 A2 RSF R
T 100 pum Y Jay 38 S 5 R Aok, LR 5 T 1.5%
RS2 RSE A 22.6 s 76 8 h B PR TGAA (ks 5 4>
TR &, AR T AR 7 LEBE 3 909% , iR 2 RS ik
282.0 pm. ZE LRTIR A A ST B P A 55 A0 AIN
FE700 ‘CHEA AT H , 755 ik B 5 AT S5 58 7 00 i) 2L [
IR AR I
2.4 AIN B LGRSk ST B 52 )

4 HIT ORI = FPASTE] AIN M HIR S (11U 72
950~1 050 “C& it & A= AE #4757 dbo ki A K Y FF Ui B
[ %) F 2% 2, AT LLE R 76 B Tl AIN 35 43 A
L SE A R LA R AE 700 “CAE IR T8 0 BT = AR S
T, AIN 1) B EG AR oy 4 R B RE 1 KR B8R



- 80 - 5 R W

544 5

200 p.m

1T S 177 Ak BHLT PP 2 R [ R B 250 1 h K8 SRJE7E 1 050 “CIBHR 2 h 1Y B8 [CAR R 8 - (2)500 °C5(b)550 °C; (e)
600 “C;(d)650 “C;(e)700 °C; (£)750 °C; (g)800 “C;(h)850 “C;(i)900 “C;(j)950 °C; (k)1 000 °C;(1)1 050 °C

Fig. 11

Austenite grain morphologies of the samples after solution—treated and heated at different temperatures for 1 h and then car-

burized at 1 050 °C for 2 h: (a) 500 "C; (b) 550 °C; (¢) 600 °C; (d) 650 °C; (e) 700 °C; (f) 750 °C; (g) 800 °C; (h) 850 °C;

(i) 900 °C; (j) 950 °C; (k) 1000 °C; (1) 1050 °C
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Fig. 12 The average austenite grain size of the samples after
solution—treated and heated at 650 °C or 700 ‘C for 1 h water
cooling, and then carburized at 1 050 “C for different times
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Table 2 Start time of non—uniform grain growth during carburization of the samples in different states
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Fig. 13 TEM micrographs (carbon replica) of the sample treated by solution—treated+1 050 ‘C-0. 5 h carburization: (a), (b) mor-

phology micrographs of AIN; (b), (d) SAED pattern and EDS point scanning energy spectrum of AIN particles in (b)
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Fig. 14 TEM micrographs (carbon replica) of the sample treated by solution—treated+1 050 ‘C-2. 5 h carburization: (a), (b) mor-

phology micrographs of AIN; (¢) The magnified morphology and SAED pattern of AIN; (d), (e), (f) EDS surface scanning images
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Fig. 15  The size distribution of AIN precipitates in the

samples after solution—treated and carburized at 1 050 °C

for different times
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Fig. 16  The size distribution of AIN precipitates in the

samples with different pretreatment states after carburiz-

ing at 1 050 ‘C for 0.5 h
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