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Abstract
Steel is an extremely important material. As the national economy develops,

the number and performance of steel materials have set higher requirements.
Currently, the yield strength level of carbon structural steel is 200MPa grade, that of
high-intensity low-alloy steel is 400MPa grade, and tensile strength of alloy structural
steel is 800 MPa grade. In order to meet future economic and social development
needs, the need for research and development of a new generation of high-intensity
and long-life steel. Against this background a new generation of steel materials
"super steel". The basic ideas of super steel development are: through high-cleansing,
homogeneous, and ceramic crystal to significantly increase the performance of steel.
The traditional methods steel materials for micro organizational strengthening are :
use of point faults in steel for strengthening it by producing solid solution
enhancement, use of line faults in steel for strengthening it by producing dislocation
enhancement, use of face faultsin steel for stopping the move of dislocation and
use of space faults by producing precipitation. Grain refinement is the only way
to enhance the resilience of metal materials intensity without sacrificing. Currently,
the consistent ways of the ceramic grain refinement of steel are: Microalloying
Processing, Electromagetic Processing, Thermo-Mechanical Processing (TMP),
Microaloying.

The study uses Deformation Induced Ferrite Transformation (DIFT) with
materials to trace elements of Nbin  09CuPTIRE steel grain refinement role, and the
strengthening of steel , and the effect of grain storage energy to growing of nucle ,
and in the context of strengthening the role of the certification test data . 09CuPTiIRE
steel is used in the production of rail vehicles, tensile strength of 390MPa class
09CUPTIRE steel varieties of corrosion resistant steel. Compared to Q235 steel |,
their relative corresion resistant rate is 233% higher. but their strength level is
basicaly the same levelsas a Q235 stedl . The study confirmed as a micro-alloy
element Nb of elements joined 09CUPTIRE steel, detailed and sedimentation through
crystal grain steel reinforcing effects of the organization and performance, thereby
increasing its intensity. To explore and certificate in 09CuUPTIiRE Nb added element
of steel DIFT craft detailed 09CUPTIRE stedl possibilities, a two-stage test was
worked out.

Through two stages of the insertion of micro-Nb and steel rolling specimen Nb
09CUPTIRE Mechanics performance comparison analysis found Nb can redly
effective refine 09CUPTIRE steel grain, and raising the effective performance of its
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tensile yield strength at the same time but does not diminish its toughness. Nb
addition in steel can contribute to the achievement of transformation of austenite to
ferrite in steel , Nb elements adopted generally can prevent crystallization of rolling
deformation retained in steels, through the accumulation of deformation to the system
of free will generally rise, and to improve their quality iron deformation induced
change in the physical and thermodynamic dynamics conditions achieve economies of
Eastern Rail DIFT. DIFT procedure can increase the intensity of steel, but does not
harm steel toughness. Test results show : for 09CuPTiRE steel yield strength, the
average reached after detailed 464MPa and 571MPa tensile strength is achieved
average, the average rate of 27.2% steel extension. Compared to conventional
techniques, DIFT processes have significantly improved these performances. The
study also gained estimated formula of calculating stored energy, and the new body
volume rate formula.

Kdeé/_ words: 09CuPTIiRE steel, DIFT, ultra refinement, stored energy, Nb
addition
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R AR AR, (7] AR 7E R 2% R DA H R B B AL R A e s A R . ik e
FAAFEAR, N.IPetch FHOHRARAN 1R Ji AR s SE6, TS H T 3 44 1R ok ST
FUE Y J11f Hall —Petch 2420 .

O-y=O-i+Kyd_2 (1_1)

oy AR Sy, o i MKy SEFRMEHFIEA SRR, d 22 EIER-T
SEOATIY TS K Eol whes v 2 Y v Y- TR N R AN TR DN

KA RS 45 JETEW], Hall —Petch 2 2 FH T4 A v B L i Y,
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D44 J5: (Microalloying Processing),
2)HLHiG 77 (Electromagetic Processing),
3)HH LI J5 1 Thermo-Mechanical Processing (TMP).

1.1.1 Microalloying Processing
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1.1.2 Magnetic or Electric Field Treatment
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KNI PO T F g R, TR TAHAR SRS ), FnT BERgm B 19 #, mfdidt
FIASTAZIE . e 25 )R B LA IR BR MnNb A00RE N #4381 1000°C, R Je
TR BRSNS v s v 2 E s SIS B PR RO Bt A T 37 1) i 3 55 R ) 3 K
M, JEA E R E R, R0 AW T R AR T R S AR TF 41 41
It o, Wt SRR, BN A28 5 A 23T B 1 52 m, EAH R A2
TEAAE N R W FE 3 N, Sk R4 AR R o . SEIG AR AN AEL) A2
1) SSA00 H¥, FHALZE Rk 1-3 . SEEGTE Gleeble— 1500 AL S AL
AT, fEIA T Gleeble— 1500 HBLL SLIGHL I 2235& T Wiflidn e E . H T Wi
(1) R FEL AL RHAEG PR R B B e o SIZIG I R v ] D el o] B g 2 1) i+ L
R A FEL G 2 L I G IR N R P o LG I E E FH  al Bk AT R, A

O B — g ML P KA 2 Pel o SEIG PR B T I3 E I N, S
118

R 1-3 S AN IR P24 2 ey Ot 73 4e)
C S Mn S P
0.114 0.023 1.19 0.016 0.007

ST 43 A9 BT YK 4 S 56 AR OUIE I 445 SI2 060 o BT TR R 41 S 50 IR A%
8mm, K 15mm [¥iAAE LL 40°C/s (R L in#4#] 1000°C, Rk 3min, LA 3°C/s 1)
TR VA HIV R T B 58 1A TR HEAT IR 45 o I BRLFE AN N reL i3, A% FL )
ST HBAUN LT IR G SCRAE R GE AT o AEVR ENREFE o i3 1 21 T e e
(B, POBRIRL% B ISG e AP I L ST IR 48 A2 T8 . AT 4351 4 1000,
950, 900, 850, 800, 750 1 700°C, AFJELFLSE g TFEN AF 60%, AFJEH % h 1s™,
HLUR SR 7 4, 5, 6 I 7TkKA . XUE R E4iSE5 N, K EA S 8mm, K 15mm
[FAFE LA 40°C/s T8 5 n#A %) 1000°C, fR¥E 3min, LA 3°C/s [ 5 ¥4 1% 950
‘C, EHBSATER R, RN 20%. X5 LA 20°C/s (138 5 A 4 2
780°C, TEHLMEIAAE T ORIRAS R ()5 HEAT R 4642, AR TEFEE N 40%. ALk
Ot I A R A ZR IR R, SR TRDRE PR AR T 2% A 4 I e T it o v 2 R0 AN i
HIREIA M AL S50 . B 1-3 PR IR Bl 2T LU, RG0S AR TE Jia (R ZH 21
A WE IR, FEAH R S T4 A T B A G379 5 i3 n, afobr 40 A6V T bn 5
(81, B R R (N5, R AR FD R (AN L Gibbs A i BERF AR, T B A2
ARGk AR TR 28 AT BRI VE AR, SR 10 B I ) 2k 3 AR AR 1Y B PR R R AR AR
b, a2 WA RS R (P N, B EGAAY B B e AN AR B HR AN BRI,
DS Ay B (AR AR RE Y EARAS D AL, Tk 38 AR BRIE TR AR 25 AL, DRItL, ARk




LS N 2 e et VAT

Ui, BREARR B e NS LUACI S, DA JR AR A B [ s R A, IR
T A3, et THIAL . Wi SR ASEE, v RIE R AR AR — R T A4k 15 45
dekle MG AR 1 B IR AR AR B thfig, 85K TAHARSKS) 1 (H gz
Z2), WAL SR [RAR B2 o) [ Bk s R A, IR T WIEAZ AL H 2, R
BN, XA AR A SORL I B A B 2, BT DAL RO A AL T B s R 4G A T
drkL o FG R GBI DR AR ) BR S AR AR I RO REE A, DR eGSR PR AR
JFURRTEUIN L, SXFE—RANASIH IR AN B Al S BEARZ IRV B R BEZE AT 418K,
G e PARICE i L NN T S e - LN A

3 ks * - L
- g T, 3= na e . el e LK
1.1:* --.._. ?. --_ “J ., 'n":“___ i '..JJ n‘.g = nl. -11:1 ph ;—__&"l—"?h
‘-" = mlity - *» —al i~ i Q. i YU ,h;dn""‘ﬂ"
—d"f - W j‘ ot =l J:‘_-l I‘-~*¢.4\-_r A
M = L — ' ,‘l i v 0 I
N " e "‘..d - - i el T % b
| ..,,‘1__‘..1.- - i T » ; . ' 9 *""pr"r’ P o i’ -:"';...--..
% T . _,...-.’._:t - it" W I 1; - ..": 1 \ ,-._t*‘-
AR RS SR 0 S o LD
e oy 4T NI P o BN P S .
e I_..r‘-.-"';r v 4‘ Al T el ine T K iy P2 S AR,
¥ + - L Py N v e ___.__.‘1__‘“.
CJ - 'f‘r '_P_ *—"“H—l—j #zn_pm1 e s i mﬂ‘_.' :“_‘-.-‘ "'.I_ U'Jrﬂ‘\
P A =

Kl 1-3 AL ERRIRER B 1-4 AR RE TG 2
WAL 750 CHATA R, ZIBEE AL InFAGEAE 1000°C, fRiE 3min,
1s-1, ZFLE 60%, BT, I 800°C, ARTEFEE 60%, A%
BRSPS PR 6000A. (8)  EEZ¥%.  (a) 6000A  (b) 7000A
R (b)) W

1.1.3 (Hot Mechanical)

PHU T 75 N 481 SAHAE (Strain induced transformation)

PR (— B B <0.25%), JINFEIRY =T R ICHAAMAE Ac3 iR
DL b, 0 B8 FCAA Tl I S RO KR N AR TE, ARG 2%, AT T SR 7S 40 1 2k 2%
PRERR, AR TR RE o, AR A SRR 75 E A [ 2 2% A A2 (R M A8 1 Ad3
WS ETE, fEARTE R RN AR FEARAAL, IF HARTE G AT R A A1, DAORKRAE
JEAR LR P e BB Ak R AR SR . ETEAS TS S AR A HOR T, AR TR 1A
e WA I LS4 BEAR TR () AR AR S G, N AR I R 2k 3 4
FHAR I AR RN, [ S A R AR 4 o IX P AR i 4k 1) 7 VAR R E DIFT
(deformation induced ferrite transformation). H1-F DIFT AHAR (KRl FEEin T ElE
(1) TCMP (#5L#2ve) 5L T2, Bk DIFT AHAR K R Se 0 Tk A 2 mT et
(EINIIR
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1.2

N T SGE RRER RIBR I, n BRTIA, QT T VR IR
FEIXL T vE, EhELHLEAR YA ik — . RS h X ik
PR AN SR T AR Sum A4 . BRI EEREAE Ars i SE T
WL RIS, FHEARVA LR b R KRR ST o £ LI SR RS ] B v 1 I 28 3 R
JRTREAE T IR R o MRS EReidh, k35 4 il BB 40 A 1R AR TR B AR 1 R 1Y)
Y -Fe i) a -Fe (A3 R i AR A2, il BRAE AN IR S A2 I PR T C, AR it
T Mn S At R . 20 el 80 44X, Yada &AM TAERIL, KH
FAFEHIFLHI 77, W 1073K R B R RENELS], BEXAL B R, i C
—Mn 4 PR R AT DAHE— BB AL B 2~ 3 womo 3T V0 A D A Al A A A
MR T BN L, SR ORI LS EE AT R A AT . Yada S5 A IAES
o BRI o I ER 1-3. A 1223K S TFAR LA 0. 05K/s YA HIH L BEA TV EI AT,
13 AN I S ATk AR T LR 4 AR i B2 A 1060K.

®1-3 WM EteE oy (we%)

C Si Mn p S Al N

0.11 0.02 1.00 0.003 0.002 0.019 0.0019

T BN PN AR AR T 3] 2.5mm J5, 7E A5 45 B 5l 52 AR T LUt AE
WK SR a EEEE AL AN A FE K22 0.5, 1% {HBEIRJE Y
AR MR b, Bl R BRARCR N AR R 3G gk 22 AR o B s ns - ¢ 1
PAZTEIN, R AR Hh B AR B Bk 3 AR TR IR AR . ) AP BRI AR E W .
IR, ARV A IR R A2 T AHAR o 3 AMAREG 5 5% T W AR H 0] R A1 Bk 3% A4 T BRCFR) 520
KEWTEAAEH T A a4, GIEFE e S R A P4 i o WER N ARAN
SRR, MNR RN T 1-5(8), R K T, HEA AR M. B1E
AR ] RTINS ) P 5 BT T BT R A0 Bk 32 A b B g IR 3] o (E AR TR 2 7E K] 1-5 (¢)
oh, RS 3 1)F 45 b B B AANHT T BB 40 2k AR AE R B Wl i 220 . 31X
Ui B AR, P45 it ok R 380 5 P B R 40 2k 3R AR (R I T i o X B A0 A i ot
PRGN B AR5 S AR R A B R RS & T 45 M2 A E 45

WECFE (] Hodgson 283 1 T UFF Cultrafine ferrite) 22544 ki A&7,
il TAEELHIANAR AR URE BT 7V AR I v B AL N AR R, Jl
1I SIT (Straininduced transformation, AZ 5 S AHAR ) 7= A AIARAN R E 41 ik
FE g S ALY L L FLHI BRAR (0.06Wt%C-0.59Mn), RFEFIEE & 2mm, 7
ANEFAR R G, DA iR 1 B2 A Ak In#Ag&F a2 1250°C, I (Al
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e S

() BHEEL (Be=1, 10 (c)-e=2,5-i

15 kY HILE 1023K JIE F LA BIALBURAS L (VA8 B0sY, JA85
KO

15min, 7742 B ECAR SRR ST AE 100—200 0 m 22 JA]. SRFESR G AE ELHL AT FE R
LI, s R 30%, FLHIHEE 2 24m/min. FLHIARE S A BLE 7 600°C P b
ORI 1 /IR S TR SE B AR R 2274 DA L A9 Ar3 iR 2k 124 780°C,
T HLHIEE OB . AEREG TR ORI, S8 BRI AR L R % A AR R 8 Tl T o)
ICBREN T UFF AR, Sk g Ak R o TR BOR I B AR N I I SIT B
KMo FVSELIDT M D) N AN ) 22 e . e RS ) K242 i 350Mpa. i
FER 2% RS HOR S, AT O EE . AR R XA/ K2 1um
(1) UFF &k, AR KL R BIR LI UA— 3. oS DAL kDR 142k 32 4 B
ki (5—10n m) MERGK. W 1-6 . BRI RN ROW A 25
ARRTRL RN B ARA HIRRRFEAT 2 — 3 XKW, UFF SRSt i, JF
TEAHAR VS FI R AN bl . XS ER RARAL 2K TEM 04 R W], 7EVF2 i 5t
AEEEAY) . T ELP LT B AR ALY, Wl 17 B o H, SRR R
W e S VI, A 1-8 e S8R, SRV il s F2 (INAE a7t

i3

- - £ AN

200pm

1-6 05 R UFF CRED FLLHRFHLARL (52) 17 R4 280 5

FTIRARGH RS T XGRS, B 2 TN AR5 5 4142 ( Deformation Induced
Ferrite transformation, f&j#k 4 DIFT), JfiA 4 DIFT Hul F#E: aDIFT

11
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Bl 1-7 R 1i X 31 UFF gk Ay Kl 1-8 TEM SRRk s AP dn At
G R B /S SO // B 1 VIR (PO e 3

Hl AL /N T A ARAS ;. b.DIFT & AE BV LR 58, 7F Ads—Arz 2
[f]; c W MBI FLEIAHEL, DIFT MELHIE N T 20% —30%, /T K27
BRELHLIELHIRE J); d.DIFT 2TEAZ R B R FAERREWNIENE, e
152 (dynamic recrystallization, DR) [FJik e, XA FR FAR T 17 fis 2% JE I =4
SRR AR 9 A S UC A BT DIFT L RE M IEAT . BN v (o ik 2 5 m)
AR 0 DIFT (585 S50, 7445 (AL ) (PRt i ALRR T s L) o,
TEAR IR FH A2 AR A B8 EAR IRIAR S B R AR A, A4 L 2B 19 45 B B T S PR B
PO, JEAEBL AR N I N TEAR S B, T A Bk 3 e I B 2 (MR A B . T
Y — a MR R KR AL Z G A AN R 1) AR RIS DL T, TEAR HARAR 2 57
B0, BT R A AEAS R L R TR B o X DIFT, TR RIFHAR #)9C
RWAEY), MR RAET IR, W LT RS EAT . Bk a4 40 i A5
SENRAER TR v -Fe [0 a -Fe IR 2 b AR R, O RN AR R B2 1)
Bl C, ARAJRT Mn K& &Aoo #1158 . 7 P55 AT DIFT 761538 B 249
H R A TR IIWEI, 5 T IR S W B e 2 M B R
WIS AN Q235 G T (#1120 mmX 120 mm), &4 (Fis 2050 A
0.16%C, 0.20%Si, 0.61%Mn, 0.023%S, 0.019%P, 0.019%O0 F1 0.0045%N .
T T B R KA AR A ZUR AT RIS . I AVIZ KA DT 1000 Ui H 14K 900°C i
PG AN RIA T T HIARAR 55 Ar SN I SR R Bk 25 R S I L AR 5 i R) o G5k
1-4. 3 1-5 firn. A0 BEAELE Arg il FE AT IR R R AR, FF PRV LA 1Edfokr KR

12
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RS o 2 LI R vl fE v (14 D AR S AR v BERE (1 TE R I - ] Gleeble1500
PRUB LAY B ) PR AR AR S . FFh EAR 8 mm X 15 mm B E A2 6 mm X
12 mm. PIrATAT: i 122 I 32 RITAE K DAL g i 21 28 o B ARV KN m] g HH IRERO AR,
BREARM 0 B R AR, AR e B4 2R . (HR R ZUIEER ], X
S T BB AR A IIIAAE , SRR IR S 2B REDIRRF AL, A MR 2120

T A3 K, RIS BT 8 5 10 B3R AR A o T e i > (EL AN SRR
AACHEFNGE o DAL AR 5 TR 5 M s ] 2 ) o

® 14 AFVHETN IELLVS AP BIAR AR R

LI AN oS IBTY A, C A, C
WIS Ta, C I, Cls
1 800 644
5 780 635
900 15 760 612
30 752 575
50 722 543
K 1-5 ANFRESE MR AR 959 I () I A]
B A Ak A HIHE T, 95% 2k 2 4 AH AR JIr 5 I
[ Ta, C &, Cls T Hl, t S
900 100 800 600
100 770 97
100 740 44
100 710 26

R AHL, EAFR A AR Ik, B DR/ AR R . 7R
KA b, RAMEA N ENARSE T Lo ARTIEV AR, HACREE, REEARM
BRLEG AR N BT A (BT T AZ M s, I BEAE R A 19 204 I B 3= A KK T
AR, IS BOSRLST ANIY 2o XA AR R, RUE AR TR AR TR
10 AR AN S, EBE T AR S (5 vt i 3, 0 e 2 Bt 5 1 AR AL 2K
AR AR 52 B AR T A (50T . AR TSR (As ™ LAR), RAR
FAR M OTHRFEAR, v X FAR R oTfikIn ok, BUARFEAR nI AERUIN N AR 58, H
PRI ARSI o 1 (g AR T R St A S A e e R 35 114
PR AR I, SRR RIS, B RS REG, BB R RR
REAT RN . T UL DIFT MRS 2P HURANAR o 3 28— E I a)e Rl & B4R

13
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AL (G M) BTN o RIS, A5 Ars il N ) DIFT AHAZ SR 20 55 1
Jg e R G A R RSO e A2 Ja I RR AR it b RO (K52 i, BRI AR R, Rt 2R B
PR TG AR A0 /N R R AR dikE . 1X 5 Hodgson 45 327K T AR IR B8 QA4 itk R
SRR R AR, AT T v 38 SRR AR P (B R PR e v ) REA T 3 AT P IX.
o AR R ERACRUR I DL B, B Be 8 RT I S IR B S AR,
WA R TR A R BRI AN, BRI AR ST T AR AR . M
AE NN S A AE - A2 5 B8 L5 T A DR PG AR A B AN A 2 AR T 1 1 47 5%
(RIFEAZ s AL i AR I AR B (R AR I P22, AR 7 A (AR ey, AT SR
R ITEAZ I ROR 5E RY AL FR AT AE

1-10 JEARR R R Z AR R SRR S AR RS )52

TCREAZIN B EAR i S LF o ME— A s, I LR SRR R AR i S 1Y)
TERZRATIE RN, BB A S Rk M58 4 i, IR g A48
IR KR RSB G e, SRR Re b, Pl ia ]
K ARG LIS T2, REARAR ARG, bl DX AR AR R AR A

14
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Ft, R BRRARIRZ 2R AR M AR A o AE K (R 2 B BB AR A ETE R
PR AR PG, 2k = AN ] Rl i A & B P g it — 2P gndk. Lk,
BRZRARATI A S5 K R M 0 A N A i AU AR AR L B R AR e AN S, BR AR B A
PARIX, Bk vA BRI O e X MR R s IR B mnd BB, BARAT A
TEAH T B8 LA — 0, BRI R A B A 2 N AR AN PR IR 7 o F TR 3 A B B IR
IR, BRER AR — EE B AR AR N AR (VR FH R A 3h A 45 il gt — i a4,
2OBREMRBK KRB ENNZ . JENARK, FLAEEE DA A3 m 2k =R T4
R, BRRAENIEAS S AR & AP B IREHIR A 2 3, (R,
OGRS IR N AR BR T IXMZE S, AR SR ARAEAR = 1K ¥ T AT LS SR
B, e ALE B R IS ) Y 1) B8 FAAAIR B ) AR X ARG e AR AR i A AR AR R 21
ARG, B, AR S NAR S HE NI . AR NARRTIE
AR T R B ARAR R 73 2 AR R AR b RO (5 L8] 1-9. ] 1-10,

7t DIFT WMAAEI RS, fEEFae/EH T, BRI A 8R4k, DIFT
HANMKSEL A G B, MEENRNL, Wy 8, 2454w
BT AR AR o SEFr |, DIFT b 72 &5 25k A 1Y » Tong 5 A KA Monte—Carlo
JIEREIT T RN DIFT (AT 4« XEBHUAE Fe—C RPN i 0L, BHTEA
[F) W AR 28 TR B 285 AH AR OUE ZH 2RI 4K PR 53 M) o a0 e R e 4 Tl A 2R 2 e — 4
LXL #% 5, L=80. MC &/ /NAIEN, KHEFMGIAT. Jfhid MC PRI
I, T AN, ol Rin), R, fefehe, WA IR,
A7 I ZHON— B dlokE MC K RBLE AT R, € — BAHAS/E—4> MC i
KA, Wiz MC L 4 DS Ee i i — g AR, Xl A2 T — ORI
ARENE . ERE— KD MC B, BENLESE — R, T e 551 I d e 2 o
MOARAIE RS T o )G, AR ook ik & s 4 I BE AL T @A T FOBr 0 A, 1%
T AT A ISR AR XA, BB IS AR, BRI T X 4
MNSEN A . BRI, BT R R R TTRTE R, AR R 1N AR i AF
AEse K2 21.1dmol, IXANEE S DIFT A AE IR SN ARG A7 RE o (RIS B, AH
A Al BRI R R, ORISR B TN R, A e (AR A R

Jong-Kyo CHOI 25 ANift5T T BEN ' strain-inducded dynamic transformation
(SIDT)id FESRAFEE ANk 2 A4 SoRL I JgL D], A A0 70 2 BT B AR AR 1) LA Bk 3= 44
(RpRIE RIS AL B, 503 72 B TR SR AR RL IR BEATL A 1m) 20 A o ARl
RIL, BEHNAZRNE I, SIDT Wy migin. R, A4 MAfKA SIDT
(Y1 S AR s B AR R ) 700506 A0 Ao 38 219k A 1l 3N AR () H b A dse B R0 o [
I 2552 T JEASIEE AN AL A5 SIDT 520« IX 2L 50 SIFT A1 DRX (dynamic

15
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recrystallization, ZA 45 ) 1K) & A= I AN AR 1R 52 i iR 56 45 SR an 1] 1-11 Fr o
MR, — MBI T B, I AN AR s, TR AR RS T, UK
() 17 25 528 3 A Y/ i v AR 122

T Thes
v : ® 900°C, 0.1/sec
13- - '\‘ — = 900°C, 1.0/sec
m A 1050°C, 0.1/sec
L j/" q"\}\ v 1050°C, 1.0/sec
I]]]]H'i /,ﬁ,/ % # 1200°C, 0.1/sec
B, Y A T
E 12 m ) A\ra““(}\ —
— AT ~~
B | *,& _f,t'w;n_%\ e
JlL_E 11 ¥ thq_ --_q'::h‘
BO0 J'I;CI BOO a0 1-.'JI[}|:| 11
’mE /T

B 1-11 DA R B 5 R R RN N AR 28 AR R 1) STDT A1 DRX I AN AR (ZEHE
DRX, SEARME: SIDT, 2RHE: FRAMASTIH G SIDT)

Pandi A1 Yue 25 N5t 7S UBE R T, B G A 38k 32 MM AR T4 2% A= I 114
Ar3 i AR TR AR AT RE T Ik T IE S F K48 (continuous cooling
compression, CCC) FIIZELLAHIHIH: (continuous cooling torsion, CCT)
€ Ar3 i IR AR 79k i BRI N AR, Ja 2 BE AT DA TR IR R AR e A
WA LU T N AR R . CCT 7795 GG e IR g A% T CCC v filh Jo () &
g, TR N AR TS DU A N AR T Bl ft ey, N g B A AUl
J5£ FR) SR ARR AN N AR (R I~V AR R 0, AE Argill S, B4 T B IR B2k 3 44
FRAHAR , T (RIS AR R AR LG B AR, PRI AE Ly — LW AR il 2 [t —
AR TR RIS Ars i . ZFORE TR KT,
FRURH B8 (A DL S B FAR AR R AR XA IX AE v — o AR R Arg il B2 A8 k. K
L, FAHX R TEAR G N T B FAR B ER SR ARAHAR AR SN Jy, $Em T Arsil i S8
TR SRR AN/ 22 3 TR 2 AR kL o PRAH DX TR A ) 5 S T 02 1) Ak 25 AR IX 3
(RN AREE TR, i HLRE S R AR T R R A BB 46 0, IXAN T4 0 O™ A T g/ ik
FEMERL (<Bum). X BB (s %, C: 0.078%, Mn:139%%, Si
0.35%, P:0.010%, S:0.009%) [ CCT % AT 111 Ars )& 5 FUN AR 5C R AN
& 1-12 o
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Temperatura (*C)

1000 BG5S 730 595 460
20—y e
Fo ey .
i ] £
160 - g5 |- -."'" PN ] f- -
F - 721°C & 1
- a0 o Y ‘;."
= L 4
-9 b —
s 120 i i1 1 1.04 ;“ ]
'{q’ 1000:T °K -
@ ol 1
@ | W‘f ]
; 80 - . . =
1= = "x' e
40 /IJ. -
-f | 1 | 1 1 | 1
o .02 04 .06 08 A A2 .14 A6
True Strain

K] 1-12 CCT R 5 BV AR R EL Y S (A e &R (W ARHCR Ky 3X107's™, ¥
IR 1°C/s, IMFBETEAF] 1100°C, 445 15min, £ 1100°C —500
ClajBdHD

1.3

PRER LR SRR . IS A M K R B A R, KA iU i
JSCIE HERE AR I (1) S B D R 2 — T i DR ek B A R PRI AR A, % T e KA
PERE R s DD 4EE . A SRR R R . R S s T IR
5 T AL S AE P T A2 R I G o JEF k] L3 DAy 205 i R g 0 F e o 380759
O L PR T3 kS S ) mam AR TR o — MR R ADRE, G SRR SRR RS 1 JE ik
KT Imm/AE, WIASRRIE A T . BEEAE KRN, RIS AERSEE. 5
S 2 mT R OR3P OB AR, S Tl I W o KA S TR S8R
L RIS R AT A O, AR S AN R R T L . B 2R F )
R, NITESNBGIN, KT G Horb i A m & R A R
=BT, INE T SRR R I e Ak, RAE A, BT T
S AP AN Ci R0 ih vk RE AR T AN AR R 5T 36IE T Cu FI PAEA
A SR INC =X PRI E . 6E U.S.S AR I T Cu,
Ni. Cr. PRINITCE MRS 474N Corten 5%, Cu Fl P G2 REMSHRE i A b i
PEMHLELZ, & Cu. P ANEEJZ 45 /R B A0 TE I R JZ AN R, 9 110 S AR
FEOOH 422 ALk T K%y 50~1501 m AR AR A AL, Hhiss
Cu. PWk4s, PRI e 85 2 Be ), 1RO GEE, BRI A i 30 s il
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YRR N, G TR ER, AR 1 5 e e S A I8 B, B S A il i
wngered, 15 1-13 251 A SCEPx Q235 4FI 09CUPTIRE 43 i IG5
ol 60 /NI R JE WD E SR, T LIS A 2, 09CuPTiRE 40475 = H HL
W EIS, WA RN, HIgS R, 1 Q235 WS IR miiA, A KR

KGN
g -. k - 1 z (b) -
. g 3 ;
§ e
il _ 100 |

{1 10um,
1-13  (a) Q235 4W (b) 09CuPTiRE 4N TRAEEAE 1 60 /NG K55
JZ2 W I SRR

X 4 TG R AEAR A S b AR ks e IR B < 4N R Cu 7E 0.1%LA
I, BRGERTYE. Py Cr AR TR, F2 P XN AR A AN
RIS, FrLl P& BEAGEL S . Niv Mo, V. Nb. Ti Je 26 s — & (0 ok -
17 Cn S &AM TS iR Pl AN 2 e () 25 6 %

I A ST RN INGE, TEE £ 25 ) Cu—P & A Cr—Cu %o

T AN AT UG RIS KSR BN AR, JF O Db i T2k % 240
(R A P iae AR R S BN S A R BUhE R E 530 o 390MPa 411 Cu. P %
A1 480MPa 4[] Cu. P. Cr. Ni ZRMxN. F N T8k ia i 4 mm a3
Hilit, e sy 150 RJTM. S22 N A AN . FRIE <O TG
RAIFHIER PR S S ZE T TR A 09CuP. L), 7EMLIERD F34T Ti a4k it
BT RE Ab3E, pIhHsIF R WEE] T 09CUPTIRE & FIM KA G il . £ 6 4FiR
G T RAFHE B R il 45 AR B, TN i 6 b A3 4N 233%, 5
XTHG) CORTEN-A 256 AHix. #iEHILIN i PE AL E] Cu. Py Crv Ni &I
CORTEN-A /K- £ 45855 Nl i R #2150, 0 i ko™ #k4T XRD 7347,
BB EN FIAI A e 0 775 PR B b (R R AU AT R o 7E 4 IR il e e 4
WY )5, UESE 09CUPTIRE i 540 A AH 4 Lf (s PE e 3R50 FHAN A2 A3 4N

(Q235), X60, 09CUPTIRE 1 10CrNiCuP 4M. £55% 0], #5LL A3 WA TR i
PEA 100%, D) = FAE A L8N IR AR I ek A (4 AF 1 45 5L): 10CrNiCuP 4K 2k 210,
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