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Effect of Dispersion State of TiN on the Austenite Grain
Size of Low-Carbon Low Alloy Steels

Synopsis:

Shoichi MATSUDA and Naoki OKuMURA

The effect of TiN particles in low-carbon low-alloy steels on the austenite grain size was studied in
relation to the dissolution, coalescence, and reprecipitation. Main results are summarized as follows.

(1) Ostwald ripening was observed in the process of coalescence of TiN particles.

(2) Main factors controlling the austenite grain size were the volume fraction ( f) and the mean size of
TiN particles (). A linear relationship between the diameter of austenite grain and the mean distance of
TiN particles (7/ f) was obtained. The experimental relationship could be explained by a simple model

proposed in this study.
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Table 1. Chemical composion of specimens (%).

Specimen | C Si Mn‘;‘ Cr ‘, Mo, Ti ' N
A |oa4031 1.5 —| —10.023 0.0084
B 0.12 0.31| 2.11| 0.50 0.42 0.019 0.0088
C 0.12/ 0.28{ 1.30] — { — | 0.020' 0.0091
D 0.15/ 0.50 1.3} — | — 0.010] 0.0064

# all heats vacuum melted.
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Fig. 1, Effect of heat treatment temperature on the
amount of solute Ti (Total Ti, Steel A;
0.0239,, Steel B; 0.0199;).
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Fig. 3. Effect of heating time on mean particle size
of TiN, Heating temperature: 1 350°C, r:
Mean particle size of TiN, [: Each particle
size of TiN, N;: Number of particle size 1.

NEREREE VT 1150, 1250, 1350, 1430°C %5805, *h
ThiEw 1, 4, 10hr g Lt ABEANZ{TED
7o 7277 L, 1430°C ko3& o R ER R | hr 02
ThHd. AfomEx, +_C7rI KR Tk
o7z, Fig. 1 1%, #omaiigoitd TiIN 202053k
H-EETI 22 A, BEOWTRLAEDDTH 5.
CORERPS, 1250°C x10hr Bk, F 721X 1350°C x
1 hr Bl EohngEie X oT 0.004~0.006% o Ti »E A
THZENHEREINS. LdL, TROLOMMEEIEL
T, Tablel LS X ST, 0.01% LA Lo Ti
REE TIN & LTEELTVWS. ZoSERED
ECLT, #A—27+4 MEEEB K S T 58Wb To
TiN OpRfEEE kD5 &, Fig. 2 KRTHR LR
5. D&, TINKFOREERY T TEBRBERTOW
THR4+ 5. Photo. 1 1, TiN ¥ F O H SRS B
BCEbLLTWELDTHS. Wb To TiN K FiX
MEHGEWEEGROERE LTW50, £OREX
DiE%EZ, TOBWOREITREIEDI LT 5. FlES
ha LED TiN W FOBEORIBITNThER LGS
Kk, TOMEFEEL, TORNTFOREI LML L
3 5. m—EFNC o> &, Photo. 1 @ RT X 5 AT
WBTEE SROEBCHE>TREL, SHFOXS
SUERAELE. (DR LeH2T, FHWLRES
Tk, T OBUMEEE L72$RD TiIN frrokE X &
LTREZEDZ LTS, L, FRickir 5 TiN
BFoRES (34 X) 7 LIRT DA E, ZOTFY
ExEkisd0LT 3

r = (Z‘. Nl )/(2 Np) coemeemeimeimeinieeie (1)
ZZT, N3, kEXIOTINNTFORYEbLLTE
D, FIRKESLILHOWTEBZERTT 5.

INEMRE 1350°C iz L, neesfis L xs &0
TiN WFOREDOHRT% Fig.3 iRd. ZOM» 5
Binis X S, Cr-Mo EARMEBDBEDOE, 8B

r*r=A,exp-Q/RT)
@=50kcal/mol

® Steel A
-3 o Steel B
a Steel C
_.4 | 1 1 1 L

60 8.2 6.4 6.6 68 7.0
Temperature (x|O™*K™)

Fig. 4. Effect of heating temperature on mean
particle size of TiN. Heating time: 10 hr,
r: Mean particle size of TiN, T: Heating

temperature.
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Fig. 5. Relation between mean distance of TiN
particles and austenite grain size. R: Aus-
tenite grain size, f: Volume fraction of
TiN, 7: Mean particle size of TiN, K:
Dimensionless constant.

A, COBEWTHANTHH TIN K F05m0 < 7 b & & 55
b, ALRINAIEE LTEHSRS. Z0oEER,
Photo. l It H7RENTW5. HFIT, EBRERE»L,
Briotie, EBRNELT(2)R2E5S.
r=Af/3 ereeen... eenas - (2)

ZZTC, tE--EREIT R A0, AVIERRTICK
FLEWERTHS. (2)R43, TiN KT OFEHH9k &k
B, nsERic AL CEMT Ao LB RLTY
5. Fig. 1 R LA X S, 1350°C ofnztic X % TiN
DOENEE®, MERREIF T2 EE» L vic b rdb
5%, TIN R FO Tk & S5, & & dicidm
LTWL D, HEwmss TiN FF25058R L, XD
KEGRERE TIN fIF~RE LT OGAREEZRLTY

— 63 —



1212 g.& 1 %62 4F (1976) 9T

1350°C x4 hr 1350°C x| hr 1 350°Cxthr
] | 12s0Txehr [
1150°C 1150 2hr
1 000°C,
S00%C,
750°C1
50T 2hr
wQ wQ
{a) Heating rate :1.6°C/min (b) 10T/ min (c) 200%C/min

Fig. 6. Schematic diagram of heat treatments.
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Photo. 2. Effect of heating rate on TiN distribution. (a) Heating rate : 1.6°C/ min
(b) Heating rate : 200°C/ min, Specimen : Steel B, Heating temperature :
1150°C. A chain of TiN particles is observed in the upper part of (b) and
such a dispersion state of TiN particles is termed a columnar arrangement.
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Fig. 7. Effect of heating rate on columnar arrange-
ment of TiN particles. Specimen: Steel B,
Heating temperature: 750°C.
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Fig. 8. Effect of heating temperature and heating
rate on austenite grain size. Peak temper-
ature of thermal cycle: 1 350°C.

Table 2. Amount of precipitated Ti as TiN (2).

Heating rate (°C/min)
Specimen Total amount
200 1.6
A 0.023 0.024 0.023
B 0.017 0.020 0.019

* Error of analysis : 0.0029% Ti
**  Heating temperature : 1 150°C

3-2 TiN OFMABTHARLSS - 258Y1 70
®BO r nE

AT a7z X 51z, 1250°C Ll EomEiic k-7,
TiN O—ERLEAT 5. TiN OEIHTH & FHucpE >
7 DR E DBBEI B3\ T, Bl TiIN 25, EhnEsa
BTy TEs 5003, FRCEELMETHS. £
ZC, Table | &% L7z§8A, B#FF\, Fig.6 iomL
BB 2 B L5 o v, TiN frFoff ke s
ATz FINBMREE (a), (b), (c)D3EHITRA
720k, TiN Offic RIET IBEEOBE T~ 572

Heating rote (°C/mi
~ Qoio | © Steet A o0ng sore (C/min)
X O Steel B ---= 1.6
=
i
s
Q
% 0005 |-

'§ ":;-0:”"‘::—0
8 o

S

2 i I I ] | i

600 700 800 900 | 000 1100 1 200
Heating temperature (°C )

Fig. 9 Effect of heating temperature and heating
rate on mean particle size of TiN.
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2 107 & o ® . 44 £ 5.
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Mean distance between TiN particles (z)

Fig. 10. Relation between mean distance of TiN
particles and austenite grain size. R:
Austenite grain size, f: Volume iraction
of TiN, r: Mean particle size of TiN, K:
Dimensionless constant. Heating rate; (a)
1.6°C/min. (b) 10°C/min., (c) 200°C/

min.
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Fig. 11. Schematic representation of relation between
TiN particles and austenite grain boundary.
r: TiN particle size, R: Austenite grain size,
2 @ : Contact angle.

SN R

Photo 3. Interaction between austenite grain
boundary and TiN particle.

AEZ N OFEOSIH» RO L SicE2 5. TIN5
2 BEORESNRECIES, $7cbb, TIN LR L
DMERE L7 ORI REESAIC X 5 R 4 0 ¥ — i
M b &SN L, TIN CERMT R RS ORNR T 2
NE-ZDLDDEIZ X L1 D 2 5D N PR FEEDER
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HTLEIWEEEDTEY, Lo, WHMOEES
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VTUE, AT & B R AR EIS R i R D (B R
EDAND T LR A 5. Fig 1l 1o, TINFF & r i &
DORROBRAR % T4, fiilo7zwic, TIN FOk
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Fig. 12. Relation between contact angle and interface
energy. [': Austenite grain boundary, §7:
Correction term of I" due to contact of
austenite grain boundary with TiN particle.
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Fig. 13. Relation between contact angle and particle
size of TiN.
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Fig. 14. Schematic-diagrams of C-curve and solute
distribution (Dotted lines correspond to the
case of higher solute concentration).

»H5B TN FFoFHEHERE, SLHETH B EFESH
%. Si-Mn gijic Cr & Mo Z¥ &I LB %, TiN
R R ORF MR TR 1/3 AT LD TV 545, E
EEDMAEE, fhOMEIC Ay, Thi, Cr
& Mo T 5o &k, Ti OYEBLHEREEL R
LIz, TIN TSRO RE T AV X —2ME T3
L7l d, FORRIZOWTIHTRETH 553, Fig.
4 ORI IhE, IEROEE b= A v F-BF LK
E L fe TRt
4.3 TINKRFOISLRITBIZDNT

1350°C chn#t - e LT —%, EE Ti 24w
72i%, BhICAR L, HEPNIOVWImBGEE TRINE L
T TiN 2EHHS L EIT, #8941 7 05E%D 7
R, LD T ERmE Lie: X O, BnEEED
el fenicoh T, TiN RFRFPERTHTH U 7Bk
A8, VhWw5d a3 a2MENT 2EMICED Z LD bbbt
THRE L. 27203258 & LT, FHRTITHE L
TV HER OE T, HicE—iH LTvw5s TIN
Filt_T, 35 4o TIN fFOEBRKREWT &,
F LU, 27 aofilicid, TIN FFOFH L Twinw
PFZ pEns el E0FTFoR5. BB
T U 7 ROREA R B0 TiN f F O RiE S R,
ENERTO BRI BV 3 B IERER TR E B

DT, FORLAED TIN 2#&FIhEMNCHIAT S
i, i TiN W FOH A4 XHARi>TWDEREE L
V. Bk, FOEREREOWIEHFXTAS.

TiN O HCgOERM, XU, SEMEER
HlLi-txo T, N ORERINEZERLTRARZ, Fg.
14 12773, 1350°C hpgic X AR, EELTW
5 Ti, N OEER, —MICIEEENOBITC X2 TRT
NhELHhDLEXLNE. £ IT, Fig. 14 W,
THERE X & Ti, N 2050 Cillks, IRES
MR SHTERT S ey 5. CiifiomEMD
HEEE, BB EIC X oTHRE Y, KERIOHER,
W EOIREGEEC X > THESNTWEHD EFEZ
Lhs. FHREXYEW T, N REZGUHTO
BEEE, R ERELLD2TWEHEDT, TDX 57
BT o CisoERAIERE, ERERICETT 53
O rHEESNS. Fig. 14 iwknT, (a), (b) 258D
OHINFEE TENET B EIOVWTHE X THSD. InEk
SEE O ILIHIE V(b)) DA, ITHEERECHEE
OUBGEEIC XS THRED EHEZ LN, TDLEE,
3T LRFTHSMEET B T &k v, L L, InEhE
ATV (a) DBEEE OWTFEBEEL THS &, B
gt T ETIHERECEH W TO WHSEBI S
2%, FiiREE R Yo BT T O BT EZRKBREI T,
Z DIRFECREY b £ TRE Licth, 13U D TH HABERA
XD LD, B 4 &t COMTIE, TCIK

HoBBEhHFTR, TINKFORESETLTE

n, FOREBCULIELIEEE, Fick oFEAlic Lch3>T
AR LRI TL 5.

Be%l f CERLIICITHESEREI NS &, BEmcht
H U7z TiN ~OVEEIRRA/NE L 78y, X OfEEE
ST Az sicie s, DLW HEREZ X LD THD
&, BT Lz co TiN RF23, fX{EL
PR FEERTERR L, 25 A DRFEICE PFZ 350, PFZ
DA IR, FIEH T SEITHR LA-ERSH 5 &
5, EFFFMEREICX 5 TIN WFoSEukigc 3
LMELGERE OS2 EUANCIEBET 5 LN TES.
TDX ST AE2BET LR KERNOEFDOXS
AR~ LEE LT B0 LATIER VWD, ok
0E, $hEEESErO—HEEOTWEZ L, +5T
MMIhb.

44 BB Ti (DO T

AEBRORSHE, REFMA» Sk TIN Ok
Ei#, (13)RXTEs5Exb6h5.

$BA : log[Ti] [N]=—8 000/7+0.32

#8B : log[Ti] [N]=—3 OOO/T—Z.ZO} - (13)

— 69 —



1218 & Lt

% 62 4 (1976) 359 =

WBDX 5iz, Si-Mn-Ti-N iz, Cr-Mo E4 M
L7SBEiid, mmlivwiBait <, TiN OFHE
W 2@EREF oM, GeTEYEMT Az &
Xb, BB Ti2EmIEbhsz L e LTEHESAS.

5. %

(1) #i TiN SFOHEREE A+ — 25+ 4 M

BLoMicty, KR TFTERISKRTT 5.
R=K(r/f)

TZTC, R: yfif, 7 : TIN KW F ¥4 X, f: TIN 0

WHRAE, K MRKTERTHS. EREMibse 7

WCEDTHHT B EMNTE . MKTERKIE, W

MOBRICKET 5L Exbh, TiN o4y 1.5

TdHDo7-.

(2) F-27734 MEEBICE I 5 MBIT Xy,
TiN R FO R4 X r i3, HENEE ticxt L, k=
TREINSEKRITHIC LicoTRET 5.

r=Apn/s
2T, ARKMICERE LEZVWERTHD. & oK
FHEE, A2 b oo RERECEST 3 Lifshitz-Wagner o
RNE—FHT 5.

(3) 1350°C hnEhic X % B & L, 650~1 150
CORERCTHMET 5 &, MM TiN B 7 HE\ BT
%. [T, 0.02~0.03 4 k> TiN FFH 35 utkic

]|

WHIT 2255, FMELEEORLWE, 17 A RO
BUINT 5. Z ofFEmiE, TiN OB BIRE OB X
SMOTLTHCHBEZZE AN Z LTk ) EH
FUCHIATE 5.

B, ERESMLTVWAERVWARNEILE (B
1, /DFREFTIMPIES), TN oS fTroTn
W ARSI REOREEAE—RICEL@LH L E
FET.

X o

1) K. J. Irving, F. B. PIckERING, and 7. GLADMAN:
JISI, 205 (1967), p.161

2) T. GLapMAN and F. B. Pickering: JISI, 205
(1967), p.653

3) T.Grabman: Proc. Roy. Soc., 294(1966), p.298

4) T.J. George and J.[J. Irani: J. Aus. Inst.
Metal, 13 (1968), p.94

5) G.J. BasurorD and T. J. GEOrGE: BHP Tech.
Bull,, 15 (1971), p.18

6) EEMRE: AL oW (1972), p.193 ()

7Y S. H MoLL and R. E. OgiLvie: Trans. AIME
215 (1959), p.613

8) K. Kazenec and E. KaMmenska: Fizika Metall
12 (1961), p.9l

9) R. 4. OrianI: Acta Met., 12 (1964), p.1399

10) A.J. ArpeLL: Acta Met., 20 (1972), p.61

t]

2




