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ABSTRACT For a better understanding of new steel 33Mn2V for oil-well tubes, austenite grain
growth behavior of the steel is experimentally studied at various elevated temperatures and holding for .
different times. Although the steel has no sharp defined grain coarsening temperature from the grain
size-temperature curve, a kind of austenite grain coarsening temperature is practically defined as about
1250 T according to ASTM grain size grade G=5.00. It is also found that, when heating within the
range from 900 C to 1250 C, the temperature dependence of the average austenite grain size (pm)
of the steel can be well described by an Arrhenius—type equation: D = 1.12 x 10%exp(-8.31x103/T).
Isothermal growth equations of austenite grains in parabolic type with the exponent close to 1/2 are
also obtained when the steel was heated at 1100 C and 1200 C, respectively. The results show that
the steel has good anti-coarsening ability at elevated temperatures, which is very important in putting
the said steel into industrial production of N80 grade hot-rolling non—quenched/tempered seamless
oil-well tubes.
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FMth& API Spec 5CT #7dE 2 fudhds AR3tRIE R
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B SR AR R T RN IR, B, &
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1 TRF*

TR N R B RN T AR AT EREL
JE R TC LR MR SRR A P AT A 33Mn2V ESHESL
BE, KRS (FEM, %) X: C0.30, Mn 1.65,
Si 0.29, P 0.014, S 0.004, V & Ti B &E.

EREERAEFENTRESRY 12 mm | KH
12 mm FIRERRRE, S E TR G A B 1
BEL, BABRP IR ER EBE SR ER R
R, RERMBEEE, KREEDHK .

FEK G RHAREEERE, M, ARV PRI EIRER, + 4%
R R E K — AR BRI EE
BREFRRAKEKERE, BE ASTM SRERH BT,
R E RSB RN FHSRRERKE L (B
% mm, XHHPHERRF D, B pm), HAREY
INF 5%. FATR B RBMRH ASTM RRERT

G = —3.2877 — 6.6439 lg L (1)
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2.1 ABRESRKSEKMRT
211 RAERAIEELZA W 33Mn2V &
%= 900, 950, 1100, 1150, 1200 1 1250 CT{%if 10 min
J&, MERKESN SRR TMERENERT, &R
mE 1 Frx. _ ,
1 33Mn2V SERFBRERE 10 min B REERR
SHTNUE

Table 1 Experimental data of austenite grain size of steel
33Mn2V, isothermally treated for 10 min at differ-
ent temperatures

Temperature, T D, um ASTM grade, G
900 10.2 9.95
950 13.2 9.18
1100 29.6 6.87
1150 35.7 6.33
1200 36.9 6.23
1250 56.0 5.03
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Fig.1 Temperature dependence of the austenite grain
size D for steel 33Mn2V (t=10 min)
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M 900 TS| 1250 TR, ASTM FRIERFIM 9.95
R&E| 5.03; 78 1250 C{RiE 10 min # SRR DR
5.00 &EAH.

HEZNHAR, ZRAFEER—REMNRELEN
AR AREALM AR, RN HERRADTH
2 SO AR SR AL AR BE. #lim, LA ASTM &
B ERR G=5.00(FHFB R+ D=56.5 um) HHE,
Mz B K e LR BE 2928 1250 C; HHHERCH
ASTM Sk g G=4.00(5= 79.9 pm), MKHE X
A RSP RN BRET 1250 C. XtHHZHN
R BN RABITFOP AR .
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2.1.2 534 R4 Arrhenius 447 S Wl 2]
MM EGEE AT, BERERBA K RKRE—Fa0E.
PEESAERNEHNDERETR, TEXRINSRH
8. MENRIRTRERKENELE, EREES
FeRABENNERTRERAETE, FERREEKK B
I, DGR B ALK KRB, TR ERST R AL
RTERRAEIBNT BIRNER. LRBRENEE
{E8, FTLAEEA Arrhenius BRAARRR REE W
W ETeReEARE 67 K BEmT.

BEHAAERANIBE M ERTRAT AL
HE¥ 58E T ZEMRM Arrhenius %% ©

M= Moexp(—}?—T) @)
K, Mo FHEH Q HEFRIBHRMBIEHE,
J/mol ; R AEESEEH, J/(molK); T Nk
HEFRE, K
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Fig.2 OM morphologies of austenite grain in steel 33Mn2V heated at 900 C (a), 950 C (b), 1100 T (c),
1150 C (d), 1200 T (e) and 1250 C (f) for 10 min
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=
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D =1.12 x 10* exp(—8.31 x 10%/T) (6)

3 BAKR (6) &R (5) BXLHM 33Mn2V
MHFR 10 min A4 T REKAKERR T 5 MPRER Ar-
rhenius . B A{EFH 7EFTFRARETEE A RKE
AT RWHIEE Q ~138.0 k/mol, 5 (7]
f1 v—Fe 7£ T=1310 K (1037 T) B89 &Ry S5 HE
Q=159 kJ/mol 4-FF—¥EE.
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Fig.83 Arrhenius-type relation between the austenite

grain size (In D) of steel 33Mn2V and the heat-
ing temperature (1/T)
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Table 2 Experimental data of austenite grain growth of
steel 33Mn2V at 1100 T and 1200 T

t 1100 C 1200 C

min D,pm ASTM grade D,um ASTM grade
10 29.6 6.87 36.9 6.23

20 396 6.03 45.8 5.61

40 638 4.65 69.6 4.40

60 789 4.04 82.7 3.90

80 924 3.58 97.3 3.44
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Fig.4 Austenite grain growth curves at two heating tem-

peratures for different holding times
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Fig.5 Comparison of measured Dy, and calculated D
austenite average grain size

B (8, 9) FTLAHENTHE, 7E 1100 #1 1200 Thnk,
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T, FESRETE] ¢ 251% 20, 40, 60 F1 80
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% 2 FERRTT D MESREE T HLRBEETR
KB K.
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ASTM EXERFN 5.00(FHRRR+ D=56.5 pm)
S, T B 32 A SR A R AL IR 40
1250 C.



734 e : FEIMHE M 33Mn2V ) RN MR 703

(2) #£ 950—1250 CHEM, FRAHE 10 min, L
BWBH 33Mn2V @K REETFHRRRT D 5k
BE T ZRMERXRELIMA Arrhenius 2%

D =1.12 x 10* exp(—8.31 x 103/T)

(3) 33Mn2V RERIR THRE, REEFH &R
D H%REMNE ¢t ERERWSRABREKR, RERFER
%: D =794 t%(z 1100 C{HR); D = 11.26 t049
(£ 1200 CHRR). FRK KLY n B 1/2. HHFH
A, HFERKE ASTM BREZFHAETF 4.00, ZWE
1100 #1 1200 CRBRH AL FIAEHABN 62 1 55 min.
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