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Effect of Niobium Addition on Austenite Grain Size in Steels
Yoshikiyo OGINO, Hideo TANIDA, Masahiro KITAURA, and Akira ADACHI

Synopsis:

The effects of niobium in steels on austenite grain size and its coarsening behaviour were investigated in
relation to the precipitation of niobium carbonitride. The main results may be summarized as follows:

1) The grain refining effect of niobium in steels is mainly atributable to the retardening effect of
Nb(CN) precipitates on the growth of the initial austenite grains formed just after «—y transformation.

2) Onisothermal treatment, the coagulation of Nb(CN) precipitates causes the abnormal grain
growth when steels were austenitized from super saturated state of Nb(CN) and some fractions of Nb(CN)
precipitated preferably in austenite grain boundaries. On the other hand, when Nb(CN) had precipitated
in equilibrium before the austenitization, on subsequent austenitization, the abnormal growth hardly
occurs and grains gradually grow holding relatively fine grain sizes ina long period of time. In former
case, the starting time of the abnormal growth becomes longer with increase in Nb contents up to a certain
contents. When niobium increases over this contents, however, the time becomes shorter again. This may
be due to the fact that when niobium increases over a certain extent, the amounts of fine Nb(CN) decrease,
which precipitates secondarily during the isothermal treatment and inhibits effectively the abnormal growth.

3) These two types of the grain growth can reasonably be explained from an analysis based on the
grain growth theory proposed by HiLLERT.

(Received May 14, 1970)
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Table 1. Chemical compesition of specimens.

Table 2. Prior heat treatments.

Steel No; C Si Mn P Nb N A 1280°Cx 1 hr fc
1 018 1 045 ['1-01 0-02 - —  0-0393 1280°Cx 1 hr fc — 950°C x 10 min fc
2 03010361041 0-02 ! 0:022 ' 0-0382.
3 0:30/0-32 | 1°01 002, 0:042 0-0347. C 1280°Cx 1 hbr fc — (900°Cx 1-5min fc)*x3
4 0-18:0-36 {101 002 0:078, 0-0390;
5 0-21 1 0-34 ! 1-01 | 002 0-165 | 0-0290- * This treatment was repeated three times.
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Photo, 2. Examples of the structural change on a—»y transformation, heating
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Photo. 3. Example of extraction replica micrographs
showing Nb(CN) precipitates observed on
0:0789;Nb steel heated to 700°C after the
prior treatment A.

Table 3. Effect of prior heat treatments and Nb
contents on initial austenite grain size
(mean diameter of grains at 900°C).

Prior heat treatments

N
Nb content x 5 G
(x10-2 mm)|(x 10-2 mm)|(x 10-2 mm)

0-000 1-82 1-03 0-40
0-022 1-60 0-93 0-70
0-042 1-28 0-83 0-45
0-078 1-78 1-40 0-58
0-165 1:68 0-85 0-63
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KA DT & LT, @&, 5 1280°C otk
{LAAENRREE CEBE T ISR T SRR 2 LS VWi &
ZETH TS5 &, Fig. 6 0T &< 0, BELABTD
TRAEEL, TOHOMI TS %1%, 0°078%Nb
E T Nb EFROBME & dIIcisind 523, 0°165%
Nbizig s &z DTHA TH5MBIED 3 2 &25b 2
5.

DEW, Nb(CN)RFIT X 55 RBEEIE 7% 5+
%7zdiT, Nb(CN) pEEEA 73g/em? L LT, &8
B k7% Nb(CN) HHKFOREHELRRDA. =
L, RiZER1280°C Ok LA CTRIESTICE
FToREBRMHET CEEF n) oFRISE (f) &,
X DR DIEIT 35\ THTH T B IR T BT CRE o)
DERISTR (fo) LITHFTFIILE.

CDX 5T LTHRDAR Nb(CN) #fHikF o thFi4r 28
& TR R R ORI S, RERERGACK T
LD FIGRE S EE Ry LRABEEIL N r/f O
HE LB, ZhbDfEs Table 4 wiid. Fig. 7
VERHF R BIMAEIT R T O 2 03B 5 LT B ERE
LT, Ry & 7o/fs OBRETe o hLEDDOTHS.
INPLPELRR L S, BERERBEAILIWT, R
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Fig. 7. Relation between R, and ry/f,, where Ry
is mean radius of austenite grains, 7, and
J2 are mean radius and volumetric fraction
of fine Nb(CN) precipitates, at the beginning
of abnormal growth.
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Table 4. Values of the radius () and the volumetric fraction (f) of Nb(CN) ppts. at
the beginning of abnormal grain growth.

. . Mean radius of
. Volume fraction of Radius of Nb(CN) 2
Prior | Isothermal _ - grains at the
N(E)v::;n)c. treat- | treatment Nb(CN) (f*10-%) ppts. (rx 1072 mm) T2 ! S U B beginning of ab-
®/ | ment| C°Xmin |Fine ppts. |Coarse ppts.| Fine ppts. [Coarse ppts. S Jeri+fir2 \normal growth
2 S 7o 7y (Rox 10-2 mm)
0022 A |1000 20'4 2-03 — 0014 — 0-069 — 1-20
0-022 B 950 204 2-15 — 0007 — 0-031 — 0°63
0022 C 900 6600 2-26 - 0-008 — 0-035 — 056
0022 | C 950 20-4) 2°15 — 0-005 — 0-021 — 0-63
0:042| A {1000 480°0] 3-16 1-24 0-024 0-059 0-076 0-065 1-09
0042 | A |1050 504 2-83 1-24 0023 0-059 0-081 0-073 1-13
Q-042 B 950 20-4] 3-28 1-24 0°008 0-059 0-024 0-023 0°50
- 0078 A (1000 650'0f 486 3-05 0016 0048 0-033 0-027 1:00
0-078 | A |1050 300-0f 3-96 3:05 0025 0°048 0063 0-045 1:04
0-078 B 950 480-0; 5-20 3-05 0-007 0-048 0:013 0-012 0-69
0078 | C 1000 450°0] 4-86 3-05 0-014 0-048 | 0°029 | 0°024 0'56
0078 C |[1050 50-4 407 . 305 0009 0-048 0022 0-019 066
0-165| A (1000 650-0f 4-52 13-45 0-018 0041 0-039 0-018 0-75
0-165 B 950 660°0] 4°75 13-45 0-005 0°041 0-010 0-008 0-42
0-165 B |1000 30000 4-52 13-45 0:014 0041 0-031 0-015 0-60
L n/f: O, BP0 Nb&HE, BHRMGEREC,H K, TbOTHROCEATIIOEELLNE, Alx
b bl, BT LEEE-FEOE %R % DicDo. WV REHIC B VT $, AIN O@EEFHREE» D & — 2 F F 4
¥, 2EEOAEIOREBHMUKTFSELET S &0 MLT D& MELCASDTSHS 2 EHFESTY
RRGTMENE fratfonfrre CHHITH. £TT, 59 LIB>T, —C, MBHEICE T 5 HEHORM
LV, a— r ZEE, H5VIEREHEINIFESTCE VT

4 Nb(CN) *ﬁ%rfiﬁ”é‘ﬁﬁmﬁﬁfm*é LEELTC, R
L firstfory/rirs ORRE L5 &, Nb £F & 0°078
Y%L T D & &1, Fig. 7 LiiERROBERI L D 7o00d
0°165% Winb L, ZOBBPLRELITTNS. Th
5OEEE, BERECI, ZWRAITHTHE T 5T
WFITEMWERE LTERAL Twd 28 27R"L T
5., O Y, BETIFEERELELTWS Nb(CN) #1
Fix, KEOD, MABBEILNCHT 2HFERNS
W riEh B, EELT, SXCHEELLITEL,
ZRIVCHT T B iR Nb(CN) RF-o—fkss,
MACBEME T it X, BERNEREZSRIVC
L TWAHZ 2L X% EEZLNE. ¥, ThbD
rEab, Nb 2B 0°078% 5 0°1659% i HEhn
F5E, BEREMIESHESS XD THST HHEE,
Fig. 6 ITH 5 X 51T, fShiREEIECHER) L =R
P 58 Nb(CN) ifHiE2s, 0-165%Nbm &
%13 0°078%Nb DL &L BN, PLXOTHITEL
2, ELLTREETSHDIDEEILNS.

1. & ®

LLEORBBERDPD, MEMCIST B —R7F4 b
R DM LVE, — ARV N S D B3
MR F T X oIS R i, EELTCERTS
ENRPLPTHSD. LALT KT ORE SRR~
DEENHIL, L OREPSEDTH, REHHFE O

ERENS F—2AF F 4 MESRRRC, AN S0
TR FBE 0L DEERET D 2ITX D, ShRENC
TFlhbnThsDLEEEIND.
FDHOBEIBFERICE VT, Nb(CN)RFIXEGEL,
R AEOIMEVERAME T 52, 203V, BER
EFXETHIHEL, BHEMNIREL, BREREZALELR
WIS L MHDH. DT LIXERER O S KD
H5METHS. AHMOX3E, FHEFREETLSLE
OFEER REZEECE, FENFRIIRESNS—E
DR R B THENCRET A L, TEHRTF OEE
BECIVEREREZETBHERHZO. LLLT,
EROEEC LB L, BWEER, £ 05E, THH
FORBICHE>TELTED, BEOARLIDTELR
LS MBI FEBIERIT LD &, HTHBLTF D
EERNRCEBEIHELALE 13, BREQCHLCIDTHRE
FREERAET L, BEITHESRVWE &R, BREERERR
SULHCDIOLIEESINS. ThbDOREFTZEHFT
BT, ERBRELEERE L VS 2 00REBREZH
—HC & 5 X BTGP L, HEDOHLOBITRESBL
PIEINRIER SRV, LaLEsnd, Thb 2 D08k
BBBREH—IC &5 2 BmAIAEIT Y, HilLerTIDIZ
I5H0PMTRY SV, BREREOEERER &
LC. GLADMAND®}E, HiDiE S O FHMREI L >
BWEWHEHROD LT, T BPH—KaELicL
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DEEBRETCERAL TS, ZoER»LTHE W
HEFOREOLIZ X 2ChH, WTENRERZETSZ
LiTie Y, EREREIFETS.

—75, HILLERT 13, YT SRELFIC 31T, “de-
fect model” % EFWEBATEHZ LT LY, R
BERBIC RT3 KR OBERE &b s Sk o Fisn
BEDORMEHFEERLTWS. ZOHRAIISSITEN:
TS5, BERELZEMTS 52T, ShDHTHE
RCBLDOT, ZoMFHEEVELLBEECT S L1
FERBEREBAFTEI X CEELE 2505, 2T
BATFiT, HicLerT QOHERICHENLL €, b D THEET
55, BREREOLREGZERT S -DICBEx
FRZO2V, KEBRER RN 5.

MuLLN®DDOFHEIZ X % &, ZRITESNERNOSES,
&% OfEEROREBFEEERRR THLbIN 5.

ZtR M" T (—B) errereeereneesneneeninn (5)

ZZT, R, M, o, n ¥, £NFh, fEabrlE, BR
BEIE, NARERS, BEEIKCTHE. EE0ME
317 5 BRI BRI VT, SRbiei
BREEMEDTHY, COXSBHEBELZLOL C LT
b THEETHS. + 0T ZHNE SN ORER
Wz, FiECRI 2B ErLTELL. OBS
SRR OB LIS ST U S ETE Eic v, 3
HEADOEE, NMABBOERE) 2 KT IESiT 5
WROBED2EOTHS 2 Linh, BEICKIT D
B OREBHGEE LI RR THSbEIh 5 L HE
T35,

dR Ma'
dt
&%mu,:&mﬁﬁmxwrm (6) XBFF X5

T, S BRLAT OGN R T RCINFEER TS LS &
EEBNTHS S, Bk T 5 FEREIZS5 ~ 630
HOMOXEXITH Y, AT D morphology 73
SRTEEANDPE LITITECERICH B 2 Ehd, N
TEHENMNIOEROKREZESDRTH Y, TOREEHE
Er=502l1l7RtED(6)RTEXLNS :E XS5
TH%. —5, HiLert BERN OER KEFER 2T
o<k&fb@k®#mﬁ®mﬁwﬁﬁ§ﬁabf,&
REEEL .

dR 1 1 '
LE SN T T

ZZT, Ry NEHBREEETHY, alEHKT, =
XTSI OBE AW 1/2, SRTOBAEIH1 @

(n_s) e (6)

Ezo V4
kS V.l
x / C e
e 15 o 4
5 /
§ m/y/
& 10 B S 4
: /-}/./v
s o/a’
- 5 A
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0
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Side number of grain

Fig. 8. Relation between side number and mean |

radius of n-side grains, measured on aus-—
tenite grains of coarse grained steels.

ExZED. (6), (1R (a=1) BFEFKCL VDD
i n & RICOEQBEBRERINIEL S .

n = 3(:’" + 1)(3)

LT, LoOBFEEAL LD, BFEGT C, Mn 2
A TR U (C:0°25%, Mn:1'48%) ox
— A7 4 FMERHOEFEREBRIEVC, nERD
BIRZBIET 5 &, Fig. 8 :</sh, ZOBRMNIE
EHRENTWB Z Edbh b

75, HiLLerT O ““defect model ” T X % HEzgsER
X% &, ZRTHHHRNCE I HEERERSTFD
XOWHEFEND. Titbb, 5ORETO/NEANES
HET 5 &, %67:.&:5,. 4 Tl 3 BREBEER X
h, FERHC, ML /DR OmESINED D oSy
UELZONERRIEFENCERETS. 20X 5 /N
DHR E BERBEEREOELHBRETHS. —F,
RERRITE VT, FHPIRKE XOBESREZEELT
DA DBEERESEAHNBR L LS. T OBHES 3K
THBICEWTIR D EDLEETS L, ENRED®
BER-oFo X5 kilirhs.

—ERER N OREGRECE VB, 0Pk RkEs
Z Rp £ 758, NRE2=—ZFDOEB L, KR%ES
dR,,? R, dN
7R L (9)

BET SR, (6)R>D, 5IRTOINEDL
THD. LIchoT, HELS BRO¥E N, : L,
IO B E CORR%E s 2T 5L,

dN dN; N
dt —~ dt 15 (10)

E78%. s 13 (6) ApoRDLNDM, BERIND
ANRLE LT, 5Ok E D, 4 BROERERE,R
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NEVWEEZILNEDR, XTOFHRLIn=45tE
X, FrAROEROKREIAS Rn KHELWVWETS
L, s KRR TE LS.
2 0 2
rs=—mmeRdR=%”'7
(HUOUDR X Y, FHOESHAEEE LT, K
Xehs.
ARy?
dt
TZT, Cs WiBkL D s/ ROeiich DO DG
THY, ERREBCIVWIR—EDOEEZE 5. —F,
HiLLerT §X, (7)R0HHR LU EKENFITCID, &
FRBOEEBEER £ LTRRE LB BOVTV S,
dRp,? 1 :

= G revemeeeraeranrasaenaas

dt 2
U)K e UNRE T HE, Cs 13 1/2 DREIWT
5. fthh, fERsD, EWAEBRICK VTR, B
BT DEEMRORE S OGfiFHER, 50K & 6 ARD
ok & XicRAEEL b OMBERSHORE LD
ERHLNTE YD, Z0LE, 5 WREITO/NRE
I EDLIOE L 13k X% 50% ThHs. Table 5
Fig. 93z 0z LRy MESFMOMEFTH D, HEkK
DOESMEFBIT OV T ORIEFHRDO I LOFHE S LN
SO A — 27 F A KO LR R E BRI 3V T HlE
L7csER» bokde bR ThH D, LT, (12), (13)
Kb B e, BFICEWT, 5RO FHERFELTO
AN OEIETE, FE BRI BV CIRERTEET S/ o #)]
BTE LD LIRS, TOLLE, SESOFEE
THLEENRILETHS.

X5 ER(T), (13) Kb, df BB 56
B D FEHIE BT AT B AR DR DRE dR/dRm 13,

cereereneen (1)

=G Mg ernennernennennennenneninnnnn (12)

e (13)

AOO‘STEE]
30k * Tin
X
-
/1Y
2 20 . :
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V;
>
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| x $ )
° 1/ N\ ]
? g o
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A x\:
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Side number of grains {in log-scale)

Fig. 9. Examples of side number distribution of
grains in high purity metals and austenite
of coarse grained steels.

FERE R/Rn (=k) OB ELT, KATERDLIND.

dR 1
m=4(1 ~T) BT ¢ T))
ZZC, dR/dRy>k ® L ZiT, KEVIEEMCEKRET -

Lo riie s, (14 RebThe, k<2 DL &,
DR dR/dRy <k TH 5. bbb, EEFEKEREIC
BT, TR 2 L EoXRE, —RRICTER
ENTH, RELLBICHEREY2DOREZETHEDT
LI D. EEREGEICR VT, BRI FER
BOBIF2EOREIRRLLDLLEE, —RITAH LD
LNTWBEEZATHS. BAEDOFEL HILLERT D
WEEFVCETLEESR, FRLIESD LT, =R
T EA LD TH D, ELHIEEDO S DTS

" Table 5. Distribution of grains at normal grain growth.

. Numerical fraction of n-side grains (%) Fraction of

Material 2~.5 ) side
s 9l 3| 4|5 |6l 7|8 |9 |1w0]11]12]13 grains
C°§{§5§%§f§f¥§fnhﬂ 10050/ 220 250 19-0 90| 100 40| 20| 1-0]0-0]10 520
C°?{§B§§é§:§gi§hn) - Too|75| 159 25-2 19-6| 13:1 75/ 75| 1-9 | 09 | 00| 0-0 486
C°g;ggo¥é’;igosrt§§;) 0-0| 40170 27-0 23-0| 17:0/ 70/ 30} 00| 10| 10|00 480
High purity tin'® 1-0 | 7:0 | 180 22-0 25-0 12-3] 70/ 3-7 | 2:0 | 1°0 | 0-5 [ O"1 480
High purity tin® 0-0 [ 05 | 22°5| 294 19-5| 10-4| 4-5| 1-8 | 0-6 | 05| 02|01 62-4
High purity aluminium? — | — — = _ = - = = = — 51-0
Mean value 02 |68l191 257 21-2 1224 72| 40| 1-3{ 09| 03| 02 517

— 81 —



544 g &

w57 £ (197]) #3 =

505 HBEELORGEGBIPLVWEE S BZY LD LS
TEWTHAS. LT, RAROFTEESMBTFREE
FTHEAEROWTT S L, RERELYEMNT 54T
FELBEEECINS.

TRRFIC X 2SR RSB OMUEERR T2V T,
i OBERSREIN TV A p0015, GLADMAND O
FVE ZENERDODOIER Y, BABSENFE2ETL L 50
WRAOEHAZRLCEELZLDTHY, kIR
HEWEZXBNS. £ZC, Z Tk GLADMAN DIR
ZHVS. ZOEMITE DL, ST —eSET
523D, AN ABMNERY Y DR RBEIRL NI
2fa/r (f, r RTHRFORMDSRE LOER) ok
EITHB. £ T, Z=f/r L&, MuLLIN % (5)
RELOCWHECRWT, MRBHOEGH 20K (K
IRIFRERR) % 20(KF2Z) WkExbhzdzlizih,
% OFERBLORERFHEE & LTRR Bk LN 5.

dR Mo'
dt

:Cf,Evﬁ5ﬂﬁuT®¢ﬁ,ﬁ?ﬁ7mﬁuhw
AEOBETHEUTS. coR»LTEE, 5, 4, 3
RV, ThTh, 1/6Z, 1/32, 1/2Z k&35
EIMERREL 75 . F/t, RWOREEER, (15

7 (1 —BL6ZR) oo (15)

B)EXrLRRThHLbEN 5.
dR 1 1
i Ma(Rm R 2 z> .................. (16)

ZORP L, KEDKRNOBHTE 2 Sh 5 R ER R 2
HY, Rp 7b>u_®jt%°é&cﬁo< LREREEEZETT S
ZEis.

Rm— 212(1 _%) .............................. an
KV KRBLORE & TR & DI (kK =R/Ry)Th 5.
WE, 5, 4IDRSIETRE A RE XD L Eh#E L, X
EOHEEFRRIC =45 k< &, MROFMERIT
KEATEZLNS.
R

3 0
= Mo JR,6ZR —15 ¢ &

1

~ T2 ZMa{Rm+

1 1
1
27 In(1'5—62ZR,) — lOZ}

(1'5—6ZRu>0)
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Fig. 10. Relationship between dR/dR,, and 2ZR.
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