L 2%k & IR 200 [E 4 (1801-2001)

The Charles Hatchett Award Paper

@ hiEMES SRR O

S——




20 RR A& B 200 F £ (1801-2001)

( SRR INTRM B IER)
The Charles Hatchett Award Paper

A & & A
AXHRAND ER200 8BS, Fil-boirddioxdd,

HELADRBLE A HAEMALERR D70t E 4N
TRANF G EZAST RO AL LR 16 ;LML A4 L HRA
ANb XRGMEFEEN LB AROKYLHERNATH D AANE
DX TR SRXL RS R DI AT TS EE SN T ¥
ERHAEBEARAMELER,

XEREFEA L BBRETE RS Rl R G2 0ELY,
AR -& THUSRRAKT EALAL

¥ HmERE
RIERE B HEK

Bl Rl:2002 43 A

BRI T At T RFERE

F A&:787x1902 1716 Epgk 13
BN #:1-1500 fit



RN W
e FEM R A B R A A

WEITIEERE

 HmERE

BlEH:R FH

H® EEHZ FHE &RER
PhE I IR HHHE
KB B30t BEE
713N

A R EART O
hofs & B4




ile
BY
]
B

1801 4, s E L2 KA BT - 13 45
(1765184 E R EH E XK =S IERE A, b7
—Bk AR ER T AR RIAT —
METTE R, TELUE MF B AR, X
MR —-EHSHEMELIX 5y, HE| 1844 4 1H
EAAFE T W (H. Rose MIERH XFLE S5H
GrESFE AR H R “Niobe” , (F BE #1116 B 3%
T )L, DR S5HEMERER), 1948 F,
E bR % S EXNAG 2 X Mg NE
(Niobium), fREAFE ISR, —HBIANE—
FER WA, 1939 F 2t B’ h 500
W, BRFEA S N T 5 R R R

KER0FENSH  EEERAREECARI T EMAKN KR K,
B8R 4 8 (CBMME it R B K r 6l A r= & , B 4F Rt
30,000 i L b & & A ER i M .

“EBIRMR" REERNG

B A A ) Ok HE 3 AR HE 4R 7E [ B 98 B P9 B 5T A L
(% R, 53 E AR B L L T B — E i B EE L F i
SO TS A R A AT B X R R E AR R NG S EAR
A 5 W T 4 BRI B2 ZOR 15 Bl h AL PR R
I B E A " (CBMM) S B B D R 0 876 2 /] LL R B
7 H A 56 4503 i B AR BT SEALAS



REFE(RF)

A 20 et NAHFERUE, BTN T EHE RIS TR VRHFAER, A SX45 0
P BF BE #ET B R R MERAMN TR T, 882 ZINTF L THESBEAR R T H
B e LRSI, aE N R R R E R R RR PR AR RKA AR ELT
AT ZIZ R, i R E A6 & M B R R LV E-#IT TIRAMBE T
HTVE. HemEsIAd BB FRME S S 003 1 LR AT 78R AE 7 R 77 ifd /1K
-

et 7 IR A A S ER R S HORE CBMM HIEHA R BB T 5K
9, R E R 20 EMME S AREE WG ST CBMM K3 42 SR A 200 &4 Zr,
A 14 %8 AR “Charles Hatchett 2" FiS 0k S — B, AP ERE& TG £ HITN. &
Hiks 7 A 1979 £ & 2001 F =+ = H (A5 4K “Charles Hatchett 2" #5H X R & &L H A
BT 0. MWLM P RN AEE L  H— A SENME SRR ILT
BE A, P EG T E TARRE S, EEE 908 X2, SR g RARGE A
HOHAIPEMES S RN EMPFTAS TESE E H BEREEK 0 FRPIKF,
i1 42 18k & 4 Ak AW B A 7 RO PR R 2938 Ak T [ 41 80 AR (R AR B A /K . FRATTAGX AL 4Rk & 7 Bkt
T 1655, BARFME, T RURAK S T RS SRR &£ SR FIE 48 8l

AT 1979 E A 181 W E R R £HiE L, £ C.C—Mn . C-Mn~Nb & C~Mn~—
Mo-Nb R ZGH S T 1 vy KB yro KEFLAMF T WA H A2 0y a2 L
BRSSO S I TAAER M L ESRE R, AW A SRR, B E RN 104
B A TR, BRIV 0A T AT 4R 0 B A L DU T A 20 400 26 TR AR 19 9 ) 4 B 67 S C 1) o 40 0 A 2
eI v KA y+o L, BUARAS IR IR E DB & LS TR A E T R S M
AR A 90 4F—95 AR B[] fUBIFST AR oP T R 8 R UK R A A NI S NB(CND A i 3 4 i
5 RZE S AR AL BT HT R 5—10%, Sk BT (B TR SR TR R L TR AL B Ex
QIHT L, T S F RSB B S UIAE C sy TEES 2 Ak R kA R Ak EE F R, — &
Bl A A MBS EL SIPR, B T E S Ha 5 He RS Baidh S HuHix
Vi 2 A1 {E o FEEE SR LAER RN R LR E A A RITH % - 95-98 B
FE5T 5 7 F B v e 0 B AR R A | SR A0 E M DL RO B P SR Nb-Ti & 3 s e e At
HELFIAEL C—N LB HF b AR AL ROR R FE A . BOMLBUALE T 2 (TMCP)RY T R, B AT AN HT 2
YRR AT LAZES AR AR A A, B AR RO B A 0.01%, BEE Nb BeAg B, ShRE 45 @ %
e A AR AL B VRN B T S L R B AR/ o SESEAY, IR T M AR e B A B OR L L
v K KA 9 B A5 5 A A7 i — A R R B R LA L0 R TE H A5 1 5R A RE TR B R T
RS T TR A s 8 F W 769 FRA R IR ST 07 o, 35 3 98 IF 89 SUHT A B RIZZ 1
S (TRIP)YE I R S W50, 348 T 206 @i (TE 38 L SUA R IR REAI RS

1.



SN FEBTHERKEESHR IR MEBESTEEMLZHEAR, A FLHCRASEBRIR
KR, W FHELRBE AR IES RLOAT W, A ST LR SRS v BE M, )
FEHAMTZEOEAK MAXN FE—-MHBFE - TRENRK vy B BE HAER
REAHARAT . 78 2000 FEH— R XEF,MNH T H Cockerill Sambre FF & # — F 5 B 85
EORMALKRIH L IBRE T WSS EEA NS, XHNEABA o AISUEME WERSE. £
THESTRE T IERMELLNBALSRHAME 1986 FH X FRSENMUPR 1989 4
Rz i NAR-FC-3 I S RITE MR EBAFHRNTR fiEFHE D, RENEKARG
REEEHEFBRIEBHNATZ— A S ERNORAINMEE IR TEREE, SRS
TR, ERR T A EEE S, —KBRIEY M2C 440 M6C fl MC, 888 5 —ikigifL
AEEREREERAES. FEEBAZEALENTRE C R Cr A 0.5Nb, ZKHKY
Himh e A SUS430 Fl SUS434 4, HHHATSRE M A £ 1L MAF s E B N RIRIE S .

FATEE, BARTNIAX NS CEPRBURTIM SR 8 R E S 0 T, B3 B3 T
—REBEHNFREESHES FRTHREAEAN —LEE, EE-B%.

EMER, PEMESSEARAMREMA SR ERMBR, REKMIHR 2000 FE ML
1000 Wi , (AR AT A BEAR BB, 7E 7 — 3 8] 30 B LN T 2 48 v 1 1500 J7 m, B LA T 4 fY) 2
Bl BK R R BEZERE 10 T2, X LA R E MR M A SILMERATE T FEWH
R AR AR PR SIRTFEETERE T I LEER. RE2RAFARPENE 2L
BEABPLOESEKNRITHEERE ) 104 1558 U EEEREERRETLKF.

AFEXERREEGLVREEALNAERPLOTEA . FHIFREKRIZHFT MR
B REMRT LR NS A ZRTUES TR I/, REXEPH TRXERHENE K
hOWHZHE RS BEER AN EX N FRFFRAEHEZRG, LLREIHZ
HEMHBKENOMMES . BB XENRZE, IBEA THZEREXTELME

@m

2002 4 4 A



H X

(Mt : Charles Hatchett £ % 3 (19792001 4 ))

& FIEVUF)

HgE I
BRRESBEREA-ZEEKXKIEHERE X C,C-Mn,C~Mn-Cb,C-Mn-Mo-Ch #{i& JF I
W AT R B ‘

G.R. Speich, D.S. Dabkowski 1
BETZES8AEFERSERIERERNOBEMAL C. Ouchi, J. Tanaka, I

Kosasu, and K. Tsukada 23
HETANNERE

R. Riedl, S.Karagoz, H. Fischmeister, F.Jeglitsch RY)
M2C ik 7 B N I 1E A

S. Karagoz, R.Riedl, M.R. Gergg, H.Fischmeister 52
NAR-FC-3— —Pp 7 - & Hi @ i P8k B AR A 54

S. Akiyama, S. Kiya, K. goshokubo, K. Yokoyama, K. Hirahara, H. Hoshi 59
RIS SRS SRV gE

Wolfgang Bleck,Wolfgang Muschenborn,&Lutz Meyer 72
HELE XS Nb(CN) AT ST H 3 ¥ Em

E.Valdes and C.M.Sellars 81
PRI SR A B B Sy RS Y T AL

E.J.Palmiere, C.I.Garcia, A.].DeArdo 94
B 7 gt DU AR M35 A8 3l 1 22 e

G.I.Rees,J.Perdrix, T.Maurickx,HL K.D.H. = Bhadeshia 106
EXT A 2R KRB AR W

C. Fossaert, G.Rees, T.Maurickx, H.K.D.H.Bhadeshia 114
C-Mn-Ni~Nb 50 i# & S AL AL AR R 38 4k

S.H. Lee, D.G. Kwon, Y. K. Lee, O.]. Kwon 128
#f A S RFNPBRELDITE N ERTER

Itman, K. R. Cardoso, H. -J. Kestenbach 139
R SRR B TR BRI ELH T2

A.Shmitg, J.Nutjens, J.C.Herman, V. .Leroy 148
— R R PGSR SR NI T T Z e

J.Neutjens, Ph.Harlet, Th.Bakolas , P.Cantinieaux 161
R RE YT ESEY (TRIP) KA 2 KA SN ET AN

W. Bleck, S. Kranz, J. Ohlert, K. Papamantellos 173

Nb #4444k TRIP R PAL B T Z HEAMEEXR
Klaus Hulka 184



Bf
Charles Hatchett £ Fit3L (19792001 &)

1. 1979: Effect of Deformation in the Austenite and Austenite-Ferrite Regions on the Strength and
Fracture Behavior of C, C-Mn, C-Mn-Cb, and C-Mn-Mo-Cb Steel,G.R. Speich and D. S.
Dabkowshi, Proceedings of AIME Conference held in Cleveland, Ohio, August 1976, J. B.
Balance, New York, pp.557-597

2. 1980: Transformation Characteristics and Properties of Low-Carbon Nb-B Steels, B. Serin, Y.
Desalos, Ph. Maitrepierre, J. Rofes-Vernis, Mémoires Scientifiques de la Revue de
Métallurgie, Juin 1978, 75, 355369

3. 1981: Control of Microstructure by the Processing Parameters and Chemistry in the Arctic
Line Pipe Steels, Chiaki Ouchi, Junichi Tanaka, lsao Kosasu, and Koshiro Tsukada, Micon
78: Optimization of Processing, Properties, and Service Performance Through
Microstructural Control, ASTM STP 672, pp. 105—-125

4. 1982: Dynamic Precipitation and Solute Hardening in a V Microalloyed Steel and Two
Nb Steels Containing High Levels of Mn, M.G. Akben, 1. Weiss and ].J Jonas, Acta
Metallurgica, 1981, 29, 111-121

5. 1983: Preparation and Characterization of Ultra—High—Purity Niobium, Klaus K. Schulze,
Journal of Metals, Vol. 33, No. 5, May, 1981, pp. 33—41

6. 1984: Development of Deep Drawable and Bake Hardenable High Strength Steel Sheet by
Continuous Annealing of Extra Low Carbon Steel with Nb or Ti, and P, T. Irie, S
Satoh, A. Yasuda and O. Hashimoto, Metallurgy of Continuous —Annealed Sheet Steel,
p155—171, the Metallurgical Society of AIME, Warrendale, PA 15086 USA, 1982

7. 1985—1: Ferrite Formation from Thermo—Mechanically Processed Austenite, R. K. AMIN,
Thermo-Mechanical Processing of Microalloyed Austenite, p. 1-30, the Metallurgical
Society of AIME, Warrendale, PA 15086 USA, 1982

8 1985—2: Austenite Grain Coarsening and the Effect of Thermo—Mechanical Processing on
Austenite Recrystallization, F. B. PICKERING, p. 377-402, the Metallurgical Society of
AIME, Warrendale, Warrendale, PA 15086 USA, 1982

9. 1986—1: Developments in High Speed Tool Steels, R. Riedl, J. Jeglitsch, Translated
version of an article publish in German in Berg—und Hiittenm?nnische Monatshefte, 129
(1934), p71—85

10. 1986—2: The role of M2C carbides in high speed steels, S. karag?z, H. Fishmeister,
Translated version of an article publish in German in Sonderb?nde der praktischen
Metallographie, 14(1983), p369—382 ‘

11. 1987. TRIBOCOR 532 N-A New Material for Environments Involving Wear and
Corrosion, P. FEZIEGLER and J. J. RAUSCH, Journal of Materials for Energy Systems, 8
(1986), p. 4957



12. 1988~1: Optimization of the Chemical Composition of a Microalloyed Steel with 0.45%
Carbon to Obtain a Tensile Strength of 1000 MPa without Heat Treatment, P Charlier
and L. Bicker, Proceddings of the 7th International Conference on the ”Strength of
Metals and Alloys”, Montreal, 12—16 August, Vol. 2, pp. 1019—1-24, Pergamon Press
(Oxford) 1986

13, 1988-2: Growth of Microalloyed Steels for Bar Products for the Motor Car Industry
Example of Cooperation between the Iron and Steel Industry {(Ascometal) and the Motor
Car Industry (Renault), P. Charlier and A. Guimier, Proceedings of "Microalloyed Steel
Grades for the car and Truck Industry” Seminar, Moscow, 19—-21 April, 1988

14. 1989: Development of an Improved Corrosion Resistant Ferritic Stainless Steel  NAR—
FC—-3", S. Akiyama, S. Kiya, K. Goshokubo et al, Nippon Stainless Technical Report, 12
(1986) p.31

15. 1990: Recrystallization and Mechanical Properties of Microalloyed Cold—Rolled Steel,
Wolfgang Bleck, Wolfgang Miischemborm and Lutz Meyer, steel research 59 (1988), No.
8, p.344-351, Verlag Stahleisen MbH, Diisseldorf

16. 1991: Refractory Metal Alloys and Composites for Space Power Systems, R. Stephens,
D. W. Petrasek and R. H. Titran, International Journal of Refractory Metals and Hard
Materials, Vol.9, 1990, No.2, p.96—103

17.  1992: Influence of Roughing Rolling Passes on Kinetics of Strain Induced Precipitation
of Nb(C,N), E. Valdes and C.M.Sellars, Materials Science and Technology, Vol. 7, 1991,
pp. 622—630

18. 1993—1: Carbonitride Precipitation Growth in Titanium/Niobium Microalloyed Stecls,
Heilong Zou and J.B. Kirkaldy, Metallurgical Transactions A, Vol. 22A, July 1991, pp.
1511-1524

19. 1993—2: Thermodynamic Calculation and Experimental Verification of the Carbonitride—
Austenite Equilibrium in Ti—Nb Microalloyed Steels, Heilong Zou and ].B. Kirkaldy,
Metallurgical Transactions A, Vol. 23A, February 1992, pp. 651-657

20. 1994: CRA Clad UOE Pipe Produced by Applying TMCP Plate, H. Tamehiro, Y.
Terada, Y. Ogata, J.M.Gray, T.Yoshino, T.Hirokawa, K Katayama, H.Ogawa, Y.Horii, R.
Uemori, H.Kashimura, Proceedings of the 12th International Conference on Offshore
Mechanics and Arctic Engineering, Volume V, Pipeline Technology ASME 1993, pp319-—
327

21. 1995: Compositional and Microstructural Changes Which Attend Reheating and Grain
Coarsening in Steels Containing Niobium, EJ. Palmiere, C.I. Garcia and AJ. DeArdo,
Metallurgical and Materials Transactions A, Vol. 25A, February 1994, pp. 277-286

72 1996—1: The Effect of Niobium in Solid Solution on the Transformation Kinetics of
Bainite, G.I. Ress, ].Perdrix, T.Maurickx, H.K.D.H.Bhadeshia, Materials Science and
Engineering A 194 (1995) p.179-186

23 1996—2: The Effect of Niobium on the Hardenability of Microalloyed Austenite, C.
Fossaert, G. Ress, T. Maurickx, H.K.D H.Bhadeshisa, Materials Science and Engineering



A, Volume 26A, January 1995, p.21-30

24. 1997—1: Transformation Strengthening by Thermomechanical Treatments in C~Mn—Ni-~
Nb Steels, Sunghak Lee, Dongil Kwon, Young Kook Lee, Ohjoon Kwon, Metallurgical
and Materials Transactions A, Volume 26A, May 1995, P. 1093—-1100

25. 1997-2: Modelling of Austenite Evolution and Transformation for MA Strips, Ohjoon
Kwon, Kyung Jong Lee, Jaec Kon Lee, Ki Bong Kang, Microalloying "95 Conference
proceedings, Iron and Steel Society, 1995, p.251-261

26. 1998  Quantitative Study of Carbonitride Precipitation in Niobium and Titanium
Microalloyed Hot Strip Steel, A. Itman, KR Cardoso, and H. —J. Kestenbach,
Metallurgical Materials Science and Technology, Volume 13, January 1997, p. 49-56

27. 1999—1: Effects of Test Temperature, Grain Size, and Alloy Additions on the Cleavage
Fracture Stress of Polycrystalline Niobium, A. V. Samant, JJ.Lewandowski, Metallurgical
and Materials Transactions A, Volume 28 A, February 1997, p.389-399

28. 1999-2: Effects of Test Temperature, Grain Size, and Alloy Additions on the Low—
Temperature Fracture Toughness of Polycrystalline Niobium, A. V.  Samant, JJ.
Lewandowski, Metallurgical and Materials Transactions A, Volume 28 A, November 1997,
p.2297-2307

29. 2000-1: New Theromechanical Hot Rolling Schedule for the Processing of High
Strength Fine Grained Multiphase Steels, Schmitz, J. Neutjens, J.C. Herman, and V.
Leroy, the 40th Mechanical Working and Steel Processing Conference Proceeding, Volume
36, 25—28 October 1998, p. 295-309

30. 2000—-2: Processing and Properties of a New Hot—Rolled High—Strength Fine—Grained
Multi Phase Steel, J. Neutjens, Ph. Harlet, Th. Bakolas, and P. Cantinieaux, the 40th
Mechanical Working and Steel Processing Conference Proceeding, Volume 36, 25 -28
October 1998, p. 311—321

31. 2001—1: Relationship between Heat Treatment Conditions, Microstructure and Properties
of Niobium Microalloyed TRIP Steel, K. Hulka, W. Bleck and K. Papamamtellos, the
41st Mechanical and Steel Processing Conference Proceeding, Volume 37, 24—27, October
1999, pp. 67-77

32, 2001—2: Effect of the Testing Temperature on the Mechanical Behaviour of Low and
High Alloyed Steels Showing the TRIP Effect, W. Bleck, S. Kranz, J. Ohlert and K.
Papamantellos, the 41st Mechanical and Steel Processing Conference Proceeding, Volume
37, 24-27, October 1999, pp. 295—305



B S R - SR EAM TR C, C-Mn, C-Mn-Cb, C-Mn-Mo-Ch BB B RIT LMW

BERESRERE-SEFRXBAERNT C,C~Mn, C-Mn~
Cb, C—Mn—Mo—Cb $R35E FNET 1T A &Y F2 AT

G.R. Speich, D.S. Dabkowski
EEHNKLAAHRE

EE=D!

BRAMAESHERFNEABEHASN BT HERLREEREAR A ERKE-KRERXARERE
Kt AT, 5 RN EREFESN ., T A L8 % N7 A5 1 R B X (8] 28 B B B 58 BE T iy
BN, HAFEENESETEXNEMNKEME, X Fe f1—F3# C,C—Mn,C-Mn—Cb,C~Mn—Mo-Cb #
TR TES, RANTHEHREIET 1800 E 1200F Z R B RENIRE L HETAA.

FERAEREERTE, EEALEEQORI, SR Ak BEZFHN, WRELEHFNRKEK-
BRERE B FAEGEIKPE TS TSR, ARE2REN FEREORE SRR
BIse MR, YA R AR IR R RBRA ., BT &R K/ R B T 554 X1 58 B 19 51
AR XS By TR Mn SRR BB RALFIRI Cb 5 EMITIRL. EHFRRNALBE
T &I Mo SREBEMMNERE.

LRGP R A -EEERN MHEEPE T TAMNE LR THREHE I IERECETE.
EEHNAM FREARA-BEERNHERTENFSEHFBFES-EH, AERNNTRAS WE
TREREIBEHRHERRE, LR (100)[110]8 #2520 8T

Effect of deformation in the austenite and austenite-ferrite
regions on the strength and fracture behavior of
C, C-Mn, C-Mn-Cb, and C-Mn-Mo-Cb steels
G.R. Speich and D.S Dabkowski
Research laboratory
Monroeville, Pa, USA
Abstract

Although the controlled—rolling schedule for most line—pipe steels is such that deformation occurs
entirely in the austenite region, sometimes deformation steps at lower temperature within the austenite—
ferrite region are included, especially when higher strengths are desired. To compare the strength and
fracture behavior of control—rolled line—pipe steels when deformation occurs in these two temperature
regions and to separate the effects of individual alloying elements, Fe and a sedes of C, C-Mn, C-
Mn~Cb, and C-Mn—Mo—Cb steels were control—rolled at increasingly lower temperature between 1800
and 1250F.

The strength of all the steels increased gradually as the finishing temperature was lowered in the
austenite region because of grain refinement, but increased sharply when deformation was extended into
the austenite —ferrite region because of the dislocation substructure generated in the ferrite. This sharp
increase in yield strength was accompanied by an increase in the transition temperature, in CcOntrast to
the normal decrease in transition temperature found when deformation occurred only in the austenite

region. In addition to the strengthening contributions from grain size and dislocation substructure, a
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solid-solution—~hardening contribution from Mn additions and a precipitation—hardening contribution from

Cb additions were present in these steels.

finishing temperature.

Finer grain sizes were obtained with Mo additions for all

Splitting fractures parallel to the rolling plane developed in impact specimens when deformation

was extended into the austenite —ferrite region,

being more severe in the steels containing manganese.

These fractures resulted from a number of metallographic features charactenistic of steels deformed in the

rwo—phase austenite—ferrite region, including more intense banding, development of a duplex deformed

ferrite grain structure, and formation of a (100)[110} crystallographic texture.
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