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An Analysis on Unqualified T91 Steel Bar by Ultrasonic
Flaw Detection and Process Improvement

Xing Guocheng,Liu Guijiang,Li Tao,Cheng Lijie and sun Dali
(Technology Department , Fushun Special Steel Co Ltd, Fushun 113001)

Abstract The production flowsheet of test steel T91 (/% :0. 10C, 0. 30Si, 0. 45Mn, 0. 012P, 0. 005S, 8. 90Cr,
0.95Mo,0.08Nb,0.22V) is 60 t UHP EAF-AOD-LF-VD-240 mm x 240 mm bloom casting- heating and continuous roll-
ing. The examination results of macrostructure of unqualified steel T91 ®90 mm products by ultrasonic flaw detection show
that there are center cracks and hole in bar,by metallographic analysis it is obtained that the defects have three characteris-
tics: (1) overheating hole and cracks; (2) axial intercrystalline cracks its source at casting bloom and (3) shrinkage cavi-
ty. With the technology measures including optimizing the casting I . II and Il zone secondary cooling water amount re-
spectively from original 28 .31 and 17 L/min to 15,18 and 10 L/min, and controlling the casting bloom heating tempera-
ture , the equiaxial crystal ratio in casting bloom center increases from original 14% to more than 25% ,the rating of central
cracks decreases from original 2. 0 to less than 0. 5,and the unqualified ratio of steel T91 products by ultrasonic flaw detec-
tion decreases from original 5% to less than 0.2%.

Material Index Steel T91,60 t UHP EAF-AOD-LF-VD-CC Flowsheet , Ultrasonic Flaw Detection, Center Cracks, Ax-

ial Intercrystalline Cracks,Secondary Cooling Water
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Table 1 Equipment parameters of steelmaking-casting-
rolling process
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Table 2 Chemical composition of steel T91 /%

C Si Mn P S Cr Nb Mo \i
0.10 0.30 0.45 0.012 0.005 8.90 0.08 0.95 0.22

Bl T91 41 ®90 mm HF L GIEIRE(a) , Bl (b) FIFLEA(c) FEAR
Fig.1 Morphology of steel T91 ®90 mm product axial intercrystalline cracks (a),black core (b)

and center shrinkage cavity (c)
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Fig.2 Metallographic morphology of steel T91 ®90 mm product axial intercrystalline cracks (a) ,center cracks (b) and center hole

(e)

S C1 Ti v Cr Mn Fe Ni Cu Nb

091 - - - 113 - 4906 214 - -
- - - - 249 - 4695 - - -
0.6 046 - - 276 112 4955 - - -
- - 053 591 382 - 531 - 127 5665

064 - - - 295 - 4804 108 - -

046 - - - 155 - 4945 - - -

3 T91 4% ®90 mm #f+h.LHER AT, SEM
Fig.3 Morphology and analysis of steel T91 ®90 mm products center cracks dark parts,SEM
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Fig.4 Morphology of star center cracks (a) and star center

cracks and shrinkage cavity (b) of 240 mm X 240 mm casting

bloom of steel T91 before process optimization

BEE, REBRXEGRERTKER, RN T
TEHBRERNS AR,

B F IR E KB, $<0.005% , X A FE
TCEWE HEHIFRE, (As+Sn+Shb +Pb +Bi) <
0.035% , B B i 4545 <0. 015% , Fr L HERR M 354k 2%
B4R

BHEBRARE , WERFEGRESE= 50, B XA
—FAE B — AR MAEHE B ArE—

MPEREXFET L, AN B ER S RAE,
EEEMSHIT RS bR,

SR BRI AEYE , X B AT R R, R
ERREGA RO TR SHE BN, P RES
HT TEER, AR RS TRAEASERFS
IR B R B T R 7 R iR X A5 B TR K A

B FRSLBR R, RAERXFRFEL, WA S 6,

1300
1250}
1200 %
1150}
£ 1100}
%1050-
1000}
950
900
850/
800 L ' - ‘ , ‘ — ‘
1 10 20 30 40 50 60 70 8 90
B 18] (4810 min®X — % $38)
E5 &SRR T91 48 240 mm x 240 mm 453 526
piliEY:i e

Fig.5 Overheating curves of 240 mm x 240 mm casting bloom

of steel T91 by hot shut-dawn in production
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Fig.6 Overheating curves of 240 mm x 240 mm casting bloom

of steel T91 by higher heating temperature
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Fig.7 Morphology of macrostructure of 240 mm x 240 mm cast-

ing bloom (a) and ®90 mm product (b) of steel T91 after cast-

ing process optimization
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Table 4  Casting bloom heating process scheme after
process improvement
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