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Effect of Microstructure prior to Carburizing and Heating Rate on
Behavior of Austenite Formation in Nb-Added Case Hardening Steel

Naohide KAMIYA, Yuuki TANAKA, Keisuke INOUE and Ryohei ISHIKURA

Synopsis

The effects of pearlite size in ferrite-pearlite microstructure prior to carburizing and heating rate on behavior of austenite
formation and abnormal austenitic grain growth were investigated in Nb-added case hardening steel. A large pearlite size in
ferrite-pearlite microstructure prior to carburizing causes a decrease of austenite nucleation during heating, which leads to
an increase in austenite grain size after finishing austenitic transformation. In the large pearlite size, the abnormal austenitic
grain growth is suppressed at a higher heating temperature. A slow heating rate also causes a decrease of austenite nucleation
during heating and increases austenite grain size after finishing austenitic transformation. At the slow heating rate, the abnormal
austenitic grain growth is also suppressed at a higher heating temperature.
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Table 1. Chemical composition (mass%).

Fe C Si Mn Cr Nb | s-Al N
Bal. | 0.20 | 0.20 | 0.79 | 1.10 |0.049(0.034|0.016
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=T A4 MY A XM%E SPHMEWERTZ. b 200

(a) Process

Forging —> Solute treatment ———> Normalization
1523 K 1523 K x 3.6 ks for small pearlite (SP) specimen

1223 Kx7.2 ks
AC
L> Isothermal annealing
Air Cooling(AC) for large pearlite (LP) specimen
1223K x 7.2 ks

1023 K x 1.8 ks
-0.083 K/s

AC

(c) Quasi-carburizing
1348-1398 K x 3.6 ks

(b) y size Investigation

1133 K
""""""""""""""" Aq 0.17,0.5,
0.17,0.5,1.5Kis’ {Gas queriching(GQ) 1.5 K/s GaQ

Fig. 1. Forging and heat treatment conditions.
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(a) SP specimen
Fraction of Pearlite : 30.2 %

(c) Distribution of pearlite radius

SP specimen

Rave. 9'0 I"‘m
6. | LPspecimen
14 ‘ ?ave. 12.8 pm
12
EE @ SP specimen
(b) LP specimen 2 WLP specimen
Fraction of Pearlite : 35.0 % E

50 um
Fig. 2. Optical micrographs of (a) small pearlite and (b)

large pearlite specimens and (c) pearlite size.
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SEM image

TEM image
0.031 mass% AIN

SP specimen

50 nm 20 nm

0.035 mass% AIN 0.057 mass% NbC

LP specimen

50 nm 20 nm

Fig. 3. SEM and TEM images of SP and LP specimens.
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SP

LP

Fig. 4. Optical micrographs of y formation. (a) SP and (b)
LP specimens heated to 1023 K at 0.17 K/s.
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(a) SP specimen | (b) LP specimen
H 0.17 K/s

Heated at 0.17 K/s
B TYETR | o g f"': e

(c)LP specimen (d) LP specimen
Heated at 0.5 K/s

Fig. 6. Optical micrographs of y grains. (a) SP and (b) LP
specimens heated at 0.17 K/s and LP specimens
heated to 1133 K at (c) 0.5 and (d) 1.5 K/s.
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Specimen :*af:””g 1023 K 1033 K 1043 K
fraction ¥ %
ofy
3.3%
0.17 [Number ' ' 4x10 10.5x103
(a) SP Kls of y b ! } /umz
1.2x103 o
/ um?
0.8 %
0.3x103
/ um?
0.17
®) P | ke
0.5
(c) LP K/s
15
@ P | ke

Fig. 5. Optical micrographs, fraction and number of y. (a) SP and (b)LP specimens heated at 0.17 K/s and LP specimens
heated at (c) 0.5 and (d) 1.5 K/s.



90 ELABN 88K 25 20174

0 il |

q,txfo

(]
o

| SP specimen

]
w

OLP specimen

Fraction (%)
o 6‘ G 8

\Q ,\q, ;\"‘ ;\°° ;3-"
SN LENS .\Q)

vradius (pum)

Fig. 7. Distribution of y radius (SP and LP specimens,

heated to 1133 K at 0.17 K/s).
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Fig. 8. Average y radius (R,.,) and number of y grains (SP
and LP specimens heated to 1023-1133 K at 0.17
K/s).
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Fig. 9. Distribution of y radius (LP specimen heated to
1133 K at 0.17, 0.5 and 1.5 K/s).
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Fig. 10. Average y radius (R,,.) and number of y grains
(LP specimen heated to 1023 - 1133K at 0.17,
0.5 and 1.5 K/s).
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Isothermal annealing / Normalization

SP_specimen

LP specimen
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o grow

A (initial Stage B LP specimen
—>

o form at grain
boundaries

X

SP specimen

Stage C’

o form in grains

vy phase_size investigation

017 Kls 1.5K/s
Stage D Stage E
Few sites fory nucleation
remaines Normal grains
0 - @ @
Stage D’

Many sites fory nucleation Fine grains
remains @ @
Stage D

Few sites fory nucleatlon
remaines

15K/s

Fine grains

P T —
0.17 Kis

Fig. 11. Schematic illustration of microstructure variation in each cooling and heating condition.
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(c) LP K/s um
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specimens heated at (¢) 0.5 and (d) 1.5 K/s.
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Fig. 12. Optical micrographs of y grains after quasi-carburizing. (a) SP and (b) LP specimens heated at 0.17 K/s and LP
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4. #& B

AREFFETIE, @H O AINPBES L D b, BV EEH
EIHIEEZ #2, AIN & NbC % # AT H AL Nb 7%
IILBESR (2D T, g o y FHAE ), #3 y Ko
PIRAER, MFly R oORFEEXSSE, BEREED
B XIET, BRI BTAE =51 A X, B
L OMBARREOFEEZFEL, LTOZ LAHLR
Lol
(1) BERKEICBIFB/8—F 4 b A ZATKRE W, In#k
HOYRAEBEIZ E D A%, F7, v TR Ry
KD IR RIT LY KREL R AMHEIIH D, 727201,
LA L 728 — T 4 b A ZO#EBETIE, I yhoO
RIS DE IR L TIE, /3—F 4 M AT
EAERBDON o T,

(2) MBFIRAFEATHNE, Nk, XD E Lo y&8
AL, T2, Oy ROFHRERITL VNS R
LAFMICH B, 72720, SHFRE L7z, MBS REED
HIEETIZ, W yRORZIZS DX IR LTIE, HAiE#E
EORBIIIZEA RO LN D o7,

(3) HIHIRICBIT B/3—=F 4 P A APRKEVE, F72
INEAF R 2SI VR, BREA R OFEAEIHH S 1D
D 5. ZAUT Dy KD PR RASKE WS
CIERLZZODTHHEEZ D,
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