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Effect of Thermo-Mechanical Control Process on Mechanical Properties

of 9Cr-1Mo-V-Nb Steel

Akihiro MATSUZAKI, Yoshiyuki SAITO, Osamu WATANABE,
Chiaki SHIGA and Ichiro NAKAGAWA

Synopsis :

An extensive study has been made on the effect of rolling condition on recrystallization of austenite,

dissolution behavior of alloying elements and mechanical properties of 9Cr-1Mo-V-Nb steel.

Thereafter,

metallurgical factors for improving mechanical properties have been investigated and a suitable rolling con-
dition for thermo-mechanical control process was determined. The results obtained are as follows.
1) In the higher slab reheating temperature, especially above 1200°C, dissolution of Nb is accelerated

and creep rupture strength increases.

2) The recrystallization in hot working occurs above 1000°C, and makes fine grain structure, thereby

improves toughness of the steel.

3) Recovery is mostly completed in the steel rolled at the non-recrystallizing region above 900°C. The
steel shows higher resistance to the softening by tempering.

4) However, in the steel rolled at non-recrystallizing region below 900°C, there is a fear of decrease in

tensile and creep rupture strength.

5) Suitable mechanical properties according to the required material specification can be obtained by
thermo-mechanical control process through controlling precipitation behavior.
Key words : steel for elevated temperature service ; precipitation ; recrystallization ; creep ; low alloy steel ;

thermo-mechanical control process.
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Table 1. Chemical composition of steel used (wt%).
C Si Mn Ni Cr Mo Nb A% N
Steel used 0.09 0.24 0.38 0.08 8.99 0.95 0.09 0.22 0.0420
ig;fﬂ?i:é%g{g{* 0.08~0.12 0.20~0.50 0.30~0.60  ~0.40  8.00~9.50 0.85~1.05 0.06—0.10 0.18~0.25 0.030~0.070

* Heat analysis
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Fig. 1. Effect of heating temperature on amount

of Nb, V and Mo precipitated and 7-grain size.

MBI MBEREOMAN O T EITHY, BESMNEIADS
iz v, —75 1050°C [EEEA C i &5 89 12 FAS da A
ITL, E5I21150°C JEEM Tl B RIZLmEIcb
NETLTWAS., ZOX) REREEERICHKD XFEA D
YOBREAEE 2 B L &R % Table 2 1077,
9B0°C LTORETIR Yy OFESBEES S 2w,
1050°C FEIEA Cix 3R89 (S ks Bt #E4T L, 1150°C
JEREM T MR IR F TR IC b2 ) B ST
H, INOOERPOEFMORMITEERO ¥ OB
TRRIREE % 1000°C LR s n 5.

3:1-3 D L LBBETOELL

1250°C ICINZAFAERE L 7S OBED ¥ LICK ATES
ZAb% N-T # & ¥ L T Fig. 2 12773, EBEO AHV
BENFROBED ELIREICBITA N-THOBS LD
Z%/RY. TMCP HOBEd & LETORE X 13 FEBEH

Table 2. Recrystallization behavior of 7 grain
after hot rolling.

Slab reheating temperature (°C)
1050 1100 1150 1200 1250
750 X X X X X
850 X X X X X
Rolling
temperature 950 X X X X X
e s | O | o | ol a | a
1150 - — — O O

O Fully recrystallized 4 Partially recrystallized
[ Mostly recrystallized X Unrecrystallized

1050°C 950°C
Rolling temperature

Slab reheating temperature : 1250°C

Photo. 1.

Change in 7-grain in the case of 2-pass hot rolling.
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Fig. 2. Relation between hardness after tempering
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Fig. 3. Effects of slab reheating temperature on
mechanical properties (2-pass rolling).
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Fig. 4. Effects of hot rolling temperature on
mechanical properties (2-pass rolling).

BuvigE/hE L, 1150°C REM TIZBER 6 LA & 13T
F%ETha. RIELE LICKABEIBLICERT AL,
1150°C JEREM OFE S 2 Lid B & LT L (2ITF%ETH
%, %72, 950 XU 750°C JFEREM OB %1, 1150°C
JEEMHHVIZEELZ S LML D E CBED & LI LR
ARKEWV, LHL 750°C EEMIIBRED & LIREMXLD
B s EaRIZIKILL, 800°CHED & LTIRELS L
MERIMEOBEICTTRTTA. —F 950°C BE
PZHICHED & LIREO ERICHEWEESR S LM & DR
ENHEIMT B & VI BMERT. L7zdt> T TMCP #
TREEREICIOBED & Lk{bEFH»RL D, 950°C
FFEIZEDHRLEHVEED & LB LB E RT3 2 &b d
5.

314 HEREMEICRITTEERGORE
ERESMELBERE, Yy VE—RINT RV F—BX
U7 Y — TEHERESE & OBRICOWT R T 7INBBE S
JUORERECEHEL-ER*ZhFh Fig. 3BXT
41RT. 2 ) — TREEEMH 1 600°C, 15 kgf/mm?® T
%, FTTBEMSIIRAT TMBRIEEA 1250°C TH
Wik Rd., —HEERETASLE, FIEMS IV
DINZIBFEEIC DV Td 950°C EEBERE TR LE L



1112

% & @ % 76 4 (1990) £ 7 &

SRT:1250°C

SRT : 1150%C

N-T

Photo. 2.
multi-pass rolling.

N-T (760°C)

Slab reheating temperature : 1 150°C

TMCP-T

Change in 7-grain with Slab Reheating Temperature (SRT) in the case of

o N ~
TMCP=T (780°C)

Finish rolling temperature : 950°C

Photo. 3. Electron micrographs of the precipitates of N-T and TMCP-T steels by

extruction replica (Multi-pass rolling).
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Fig. 5. Comparison of change in mechanical
properties by tempering between normalized and
TMCP treated steels (Multi-pass rolling).
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Fig. 6. Effect of slab reheating temperature on
toughness (Multi-pass rolling).
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Fig. 7. Effect of slab reheating temperature on
creep rupture strength (Multi-pass rolling).
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Fig. 9. Relation between fractional softening and
working temperature showing the level of recovery
and recrystallization of austenite.
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RO 2 RE L, HD & LkILER» LR T 5.

(4)900°C LAF AR A P4 54 IR I8, C 0 R HEAT 12 6]
BYRRETTHSH. ZORETOBEOIMIIZ, HiZ
Beh & LB 2 ) — S BRTOEELEE LT IRE S %
7 — TGRS KT S A EEHEL? D 5.

(5 )R i3I0 T2MLE I X 0 AT HIE I X A
BRHHE oS ELSTRTH Y, BEDOEHEMLCE
UM BEDIERADTEETH 5.
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