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The Effect of Niobium and Tantalum on Grain Size of Steel |

Toshisada MOR1, Masakaru TORiZANE and Kentaro OKAMOTO

Synogsis:

The effects of niobium and tantalum on austenitic grain size and ferritic grain size of pure iron,
Fe-C(C=01%) and Fe-N (N=~0-02%) alloys have been studied and compared with each other. The
austenitic grain size were revealed by thermal etching method. The effects of small addition of each ele-
ment on the grain coarsening temperature of these alloys were also studied.. The main results obtained

are as follows;

(1) Small addition of niobium or tantalum to Fe—C alloys is effective for austenitic grain size refining and
this may be due to the precipitation of §—niobium—carbide or §—tantalum—carbide. Tantalum is required
two times as much amounts (in wt%) as niobium is, to obtain the same fine grain size number such as

No 7-5.

(2) The addition of niobium or tantalum.to pure iron and Fe-N alloys is also effective for austenitic grain
size but the finer grain size than No 6 cannot be obtained in these cases.

(3) An approximately linear relationship is observed between ferritic and austentic grain size in the
series of niobium~added stcels as well as of tantalum added steels.
(4) Small addition of niobium or tantalum to Fe-C alloys is effective in retarding the austenitic grain

coarsening.

(Received Oct. 30, 1968)
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# 55 &£ (1969) F6 5

&8 Nb, 245, ZEF ARV TEERFEBREHEERICL
DOTHEE LcHD (2~5kg, 40~60mm ¢ §iHE) T,
FRoo{bM kit Table 1 Wi L7

Zn SO 20mm ¢ $EM EF HE AR 245 L,
ZOUBIEIC SOWTHOEDEBETHERED HHVIRESE
BREED ILX>THB LA A—2FF4 b ERbE %2
JIS BRI L IR L 7.

(1) &peE: 1300°C X Zhr 7k OIF IR 2 575

Table 1. Chemical composition of samples.
Alloy system | 53PN o0y | C(o%) | N
BO — 0-007 0-0015
Bl 0-013 0-006 0-0010
B2 0-036 0-006 0-0010
B3 0-052 0-008 0-0011
Fe-Nb B4 0-083 0-007 0-0013
B5 0-14 0-005 0-0011
B6 0-18 0-006 0-0010
B7 0-27 0-006 0-0014
B8 0-50 0-008 0-0016
Co — 0-077 0-0019
a1 0-021 0-080 0-0016
c2 0-033 0-089 0-0021
C3 0-068 0-070 0-0017
Fe-Nb-C C4 0-11 0-082 0-0017
C5 0-18 0-071 0-0016
C6 0-20 0-074 0-0019
C7 0-53 0-081 00024
C8 0:82 0:090 | 0°0024
NO — 0-004 0-018
N1 | 0004 0-007 0-021
N 2 0-036 0-008 0-022
N3 0-065 0-005 0-018
Fe-Nb-N N 4 0-11 0°006 0-022
N5 016 0006 0-021
N 6 0-12 0006 0-021
N7 0-16 0-008 0-022
N8 0-20 0-008 0-020

Other impurities: Si=0"05%, P<0:01%, S=~0-01%, Ni=0-02%,
Cr=0:004%, V=~0-002%, YAl~0'001%, 3 Ti~0-005%,
20=0-002%

Goissler tube
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Pt-PtRh
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SiO, tube

Rotary pump

Fig. 1. SchemaZof apparatus for thermal etching.

Diffu.sicn pump

ST JIS HEic Lioai»T &R +BaCly dhiciil®,
2hr ¢ 920°C =H/iR L, 6hr {FEPHE L.

(2) HEZEBEREHk:

a) BREOSA LR U Howic 1300°C X
2hr KB DKL % 2hr T 925°C I FiRL, 6hr fREHE
TE L.

b) F U< 1300°C X2hr K& DHF %) [5min T
925°C it AR L, 6hr {RERIRZEW L7c.

c) < 1300°C x2hr k& Dt K % 2hr T 980°C
WHRIRL, 4hr QFEES L.

d) 980°C x2hr 228 il b LAEL % T o7l A
5% 2hr T 980°C I RIRL, 4hr {RIFHEZESG LI

I BB GRS L% 10-4+~10-s mmHg
OEBE L h TG SCRGET 5 5-ETHY, &
MR THERL-EE R Fig. 1 KiRLAkEk0T, mEk
Pasitsfihgs L, A2 ALCARERAE
45mm, X 500mm TH5.

2.2 BRECKEBZT—ZXFTF+M1 MERRE

Fe-Nb-C,  Fe-Nb-N 75 5N Fe-Nb RZA& L& DA
Bz WT, BIED (DR LB TRIREIC I ST
B LA — 27 F 4 MERKEL Nb 2FEORIRIT
Fig. 2RI TELTHB. ZORRBTTIEL, v
FHOFOIFHT 35\ T Nb Fhnic L 0 &5 Sbidins>
I TWE L Laibdnds, Fe-Nb-C FRizi\WTik
Nb % & % 7%V T R SR DEEIT 5

8 " - T -—F

7 i 4
6 — 4 4]
},o’ ) 'Y s....g -t
K gmmamens
S e B — T T T T
] N ]

Austenitic grain size number

Jld
/[
3 bkl i
/ =On «Oa )
d @===0 Fe-Nb-C
2 F— Qomw=eO Fe—Nb T + 1T 1
X x Fe-Nb-N i A
P s

1300°C x 2hr W Q

4

o ol 02 027 053
Nb () 050 082
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Fig. 3. Relation between Nb content and austenitic
grain size number determined by thermal
etching method at 925°C (Heating rate : 925

°C/2hr).
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Fig. 4. Relation between Nb content and austenitic
grain size number determined by thermal
etching method at 925°C (Heating rate : 925
°C/15mim) .
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" etching methed at 980°C. (Heating rate :

980°C/2hr) .
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Table 2. Chemical composition of samples.

Alloy system | 3Pl | N 00y | G (9%) | N (o)
TB 1 0010 | o0-011| 0-0014

TB 2 0:040 | 0-009 | 0-0012

Fe_Ta TB 3 0:090 | 0-008 | 0-0012
TB 4 0'26 | 0007 | 0-0013

TB 5 0'59 | 0008 | 0-0013

TB 6 0:91 | 0007 | 0-0011

TC 1 0:039 | 0-100| 0-0013

TC 2 0-063 | 0-104 | 0-0013

TC 3 0-089 | 0-104 | 0-0013

FeTaC | ta 4 | 027 | 0-097| 0-0013
TC 5 061 | 0096 | 0-0013

TC 6 1-70 | 0-094| 0-0013

TN 0 — | 0007 0-0154

TN 1 0-027 | 0-006 | 0-0154

TN 2 0-052 | 0-008 | 0-0142

Fe-Ta-N | TN 3 0:098 | 0007 | 0-0130
TN 4 060 | 0-008| 0-0127

TN 5 1:00 | 0-008| 0-0120

Pure iron B O _ 0-007 1 0-0015
Fe-C C 0 — | 0077 0-0019

Other impurities: Si=0'07%; P=0:019%, S~0-007%, Ni~0-04%,
Cr=0'017%, V=0'005%, XAl=0-001%,
ITi~0'005%, TO=0'003%
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Fig. 10. .Relation between Ta content and austenitic
grain size number determined by thermal
etching method at 980°C (Heating rate :
980°C/2hr).

O TafMTHERS 75 0 E T, LarLiahnd
Ta BEX S HIHINT 5L (59 07% BELL)  0f
AP A—ATF A bERPR FIEAET 2 Eae R
7. Fe-Ta-N Rk \WTid 0°1% BEETO Ta iihn



492 % X @  HE 554 (1969) E6%

(T X T UL R HS, LR ETIRIELAY
T s KBRS SEETSHS. ¥/ Fe-Ta RiTk
WA 0°04% REGHE Ta ORMT, Ta 2&%
FnEE (Mg X VREBES T3 ~4BEOXIIRY
FBVH LS LW R LERS R bh, BEiF Talcks

8 — —
. ’0———\0\

7 -Eé‘ |

4

6 ]
Jb . x « : !
B 'l x —
£ o
2 3 :

pammmse==T3 | ]
&4 //, T ; :
£ © F o o——e Fe-To=-C |
g3 e
L - 0==0 Fe=Ta !
5 2 —]
::t ’ . Preliminary heat treatment
A 980°C x 2hr A C |
[
05— 02 o4 o06 08 ro 7
To (olo)
Fig. 11. Relation between Ta content and austenitic

grain size number determined by thermal
etching method at 980°C. (Heating Trate :

980°C/2hr) .
9 ——
8 —_—
D —
7 °‘/ ‘\ _
o
g
L 6 = -/
}é xx"‘ -3 * -~
2 5t —.
(4
N
w
c 4 1
2
o
g3 —
s
E
2 2 e—e Fe-To-C ]
x % Fe-To-N :
| —
o} et
o} 02 o4 o6 08 33

Insoluble To (%)

"Fig. 12. Relation between insoluble Ta ¢, and
austenitic grain size number at 980°C.-
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