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Development of TRIP Steel with Good Weldability
and Galvanizing Property
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(School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: TRIP steel is less popular in automobile industry as compared with DP steel although the latter
has much lower strength and ductility. Reasons for this are listed. By careful calculation based on
thermodynamics and kinetics, a new type of TRIP steel with good weldability and galvanizing property is
successfully developed both in the university laboratory and on a modern production line of steel plant. In
order to make the steel suitable for domestic metallurgy processing, phosphorus is used to substitute
silicon instead of aluminum.

Key words: TRIP steel; weldability; galvanizing property ; thermodynamics; kinetics

FLAE 1924 4 Sauveur VLRI, BRAEMIARRT & RRAARAESNT IS AR, I IRR R E A RATF

e HE SR AR AL BT T 980 BLGR , Bk b A AR AR B AH
AR IBIE. Ankara 25 A0 % AR 1L T G140 A
B R T B S LB 32 R A A AR AR
BBPEIEAT TINE , 2 AN UM A 1 75 G A A
AR B B B AAHAS . BRI AT AR R B LA
JSEF7 , 0 BRI B IR ARCIR A5 i AR TE DA #k
FTK , 2 AL H R BB DR A 5 B, [l B
A BHF IR . (R 4 HT 7R B8 QAR S T AT T

H RS E M RIS B T, X T AR P I AR
ZMEaInR M Cr,Ni %, S2hs E iR s 17 im
ik 3 — T, e R B R AS TR Tk A= 7 il
A PRI 32 PR 1y TG 114 D R 60 2 S e A8 A S ot
AR Zackay SN A TRIAKERL T, B
H— e S L 1o 558 R VR B M R B N D B AR AR 5 2 B
PG 5% A5 A5 34 4 44 ( phase transformation induced
plasticity steel, TRIP steel) ,{HAE 20 42 80 HE/UHT

rfs HHE:2008-04-14 E&WA:HAK HARBEEL R I H (50671061)
BEfEEE: 3 BI(1946 ~) B 808 LA S0, 1, SR F MR ERBEZ A R 5. E-mail:liling@ shu. edu. cn

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

468 @l REER(BEAR 2

14 %

ISR REB AR A .

AR AN TES AR R C-Mn-Si 8 rh th & B
T REFIAAEIBHE T W R A T R X AR
— B[R] Jo L5 S B AR A, SRR ¥ A B I I
REAR K AT IS I 2 A B, 738 — s /2 DL ER AR 5F: o
BEARE B AR B LA R i HA k. IR A R = iR
i PR B — IR AR B AR IR R R IRAA. SR e
I, X LEFR I 52 R AR 5 B AR g e,
X [RlbF AA Fe  BE Te PR

B LR RRMAEBIEMN S Zackay F A
R EFEAMIF. AT 5 205 1X W I A BB 1
25, B B R PME SR AR, TR & R B AL T R B IR
RAA7E. T R 13k I S ELFS Wbt 58 RS AL, JE &
AR AE 2 2 SR A X AR R B R AL B IR B A A T R B
HE i A 3 B 2R UHT AR AZ L B SEAT 1Y, )G A IR
FEBE AT, B A T LB T B R 2.
W JEE AT IR AL, HARTE A T4 4 o e A2
TR LHEE IR T AT, XA % 5 T 5K
/Wl e Y

ARFTJE AL AH AR S P R v 5 B e 2, 2
FERBEON 600 MPa i, SE i R 5] 3% 30% LA L, T ]
R SEHE TR B R BUAH B9 8 I B I S e ER AR
20% e Ai . AE 20 {40 90 SEAUAR AR ME PR N g
VBT — e L A 5 B 954 S M . (BL7E S
BRES 1o, o 028 ST 2E PR 28 HP 5 R (S XA
BEY 1/20. 0 T HRERXF R H BLR B9 5 B L R A
Rz BATEAT T TAE.

1 HEBEWAI R AR =

R A B PEAYH C, Mn, Si §9 RE 7 B0
B4 0.2% ,1.5% ,1.5% . B WG & =R F TR
FrR IR RS P, T B8 PR 0 A 1 TE R AR 37 A
ARV R AR, R R A R RRTES K
PR (9 BT 2R 00, 10 1k v B0 A B B 3o L R
AR B RRB BRAR BT L B IR iR o5 B B R IR A
BB 2 1 5 | RS R R e P RRAIR. € RO A A N L EB
FRBIEE SRR K A =4 L AN XMESEBUAH AR 28 P4 A I
ATHA = B KR R 5 5B K S
JRBE , A, AR T R T B A 2 T T 5 A B
PAZEAT X 2 B AR AR B PR I R . 55 — T 1, A
ARSI VLRI 1 B B ey, AR AT S 2. T AT SR
Bl RIS 1 b BN IR R, IER AT T
X 3 T AH AR Bk TR SE R IR A )

A SR BRI AN G0 B I RURE AR

Syt o B IR, Meyer %5 NV 9SG 198 T
DABACRERIVEARZE 3805 BN I D AE BT 38 5 A A L %
FRERE . A EHE 5 CHR[6] FAEE Z — De
Cooman 25 A\ VIR T LUBAR RE My 25 R Bl 1 2%
HLEL. AR P IR 1% DL AR AE R T o
EM) SRR EH AT, IR A ‘EERN
KEEAIRT AT W 5 & UK D5 2E, B AR 5
RERAR BT AR P T PR REAR S S AN T3 81, B ) Bk
MEREE R R Z R A, BT T
AHACEHPE D, RN & B, D E N RE TS
i C 2

2 PESBEREEETEERER
ATETEMERE

IR ARS8 B AL TR AR 3,
4,5 FHEAN, BT E5HRE I, VR BT dAR I, SR ER ER
BEERRERCN BB, BT W RTIRIRE I, AR AR N
E N A BRGS0 DA fURE. B e
S HA RS R MR EENER. fAh, BhE i iR
TRAEB TR 13 BE R A, 10 1R B Bk A4 1 A7 1 R
IRAR A RS R IR RRARR , 3R i DA 22 0 T (R 4 4R
TR EE.

EBE Y &R 0 2R W] 5| R B RS M ) , X 2 AR
I 40 A I 06 75 B DA IE B 25 R K. Guttmann FI
Melean 4 M 2% J5t ) F #5 fhi 28 2236 DA 4 28 24 i T
b SN 257 1 9 KN IR AT e
T =705V 5 Jy RRHLRLBE A Toll o i L B 8K
PR M 20 5, HRRIERRAE BRSSP , A SR
#2256 1F#% Guttmann HI Mclean 1) 77 FEF T
EATY REBATR . AEATHME LB
[EZL I N

B
yr N1 2 1 1 B B
= = “—ex AG +— e — — "By —
y%] y{}] p{ [ 1 Cg ;ylﬁll CB i#szlBlI
1 1 1
_gzngLi;n"'_gzngLiJv"'_B ylaa -
€ J#1 [ E C Tl
1
Ly, ]/ kel (1)
c 7y

yi[_yﬁ[ 2 1 28 1 B AB
T _BeXp{ [A Gy +_gzy1,3M1 __BzyIBMI -
Ya  Ya a a

1 1 1
= 2 yigLig;MV +3 2 y?L?;MV + _Bz yigLii;V -
a” ixm a =M a <A

Yt ]/ RT) 2)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

E5H

2= B, S R AT A AR TS R IR AT ] 469

KA,y AR BERALEE g NN, B AR,V
AL, A HEARERITR ) ML R, My
SIBICE ¢ M a 53 5|0 B A MR E 58,
A°G, L A° Gy A9 2 G A IR e R AR TE IR 3R A
HAE, LY MR — T A T 51 MR EERSHK,
Bue® N RIS T K 1] B9 AR FH B3 S
BR(10-11 ] EUASHI N IS T 24 S50, 359128 5 it
HIAHAS S C, Mn, Si, P {1 T & 40 500k 5l R
0.15% ,1.6% ,0.3% ,0.07%.

¥ R —FFRAR (D) FI(2) , AT18-8ETE 400 C
) S - 2R = Ry 32% . A SR B MR 1Y
2, H R LB A AL, SR A Rt T
B i) o 0 [ ok D AT K

{HIESERRAE =4 b, % BTE 400 C By 250 TR
5 min 7245, IEARTE VR B , BOR A Mclean [ —
TCRMES S B U

yP () =y¥(0) (X \/ Dy
¥t -y2(0) =2(Ed)(_) ’ )
AP (o) itz e T i TEAFEEER, v (0) K
HAME, v NV #{E, D, AR | MIRY R4
TR PREE, XD i R ER SR B d =
10 7em,t =300 s,T =673 K, X2 =1.387 x 10 ° (J&
EA¥CH0.07% ) ,y7(0) =0,D, =3.53 x 10 8153,
2400 “CZE 300 s J5 , B R AR BN
Dpt 172

¥8(300 5) 52(%@‘)(?) = 0.051%,

WEARAR N, B L5 J8 4 FR) 498 2 0 e 3oL Bt 280 A0 B
ST 1A KA.
3 ERGARMESERIR

BT E RS BT PR WA AR — SR
PR e SR OB M B, T 51

CE = C+M+§+M+Q+@+X
6 24 40 5 5 147
A, FIUR G R U RS

BRMA NN RS EAE IR T e o3 47
FAERE R , R G S PR A (R B2
H i 7 B A SR e P B T — 280 A RS
2% T AR T T R BOERK 4 AR
P R B TR A

MK (4) = AT L, B R X Bk 24 B 5 Wi e K H) —
AWGY. T RAIT RAR R RE, B S BN ALK A
4 ARG AR R S R PR AR IR ER AR R R e IF: IRt

k)

(4)

FRARAR AR S R IBPE IR BRILZ A0, i85 % Rk &
Xt TR R B . A TAE FH i b AL 8 Theomo-
cale W ZNERB TFTHHEITERSERAT
B 1.

ature_celsius/K

Temper:

1 1 1 1
0 02 04 06 08 10
Weight_percent C

E1 #HAsEEEENERIEE
Fig.1 High temperature phase diagram of the newly
developed TRIP steel

R LR B, % Mo, Si, P B RE 2 EI 51N
1.6% ,0.3% ,0.07% MIAZE SN, RO S AR
0. 13% . ARFTJEIAL, 58 R I3-0 T WA fh IX i, 2
it N B R IASR BEAR , 2 S AR AT 2R S 2
BOZ Bk B B8 0. 13% ~0.15% .

YRR X F TR, X 32 5 R R IARR
PR BB . R T A8 12 B P K 27 AT 3L IR
T HAEARERAR & S 45 M 4 B4 B 2 9 P ) A
Pre e T A5 ik X 5t T 18] 1 B 4 VB X
X B0 X [ 7 B AL AR PR AR T L 1 A B
BRRRABROCR A AR AL, (T B T 4L 1A 1
PR RE R 0 T . AR R — BRI, iR e R
Z TR, SRR SRR A B TZTHRR. M
R & S PP X IR S IndR o R B Bk
A — A SR AN AN AR BN, A STV A H
BRI AR L2, 22 I 22 W0 I 57 IR K
JEBROCAR AR SE 1A B 8] P BV O B8 TG, i £
AL R ) S AR P L0 1 SRR R AR AR . 2%
A, 3 S 58 [ {A] BE L AR Oy DL QiR el /b T [ R
BAR B R RN ERAR B ERAA. & AL 1) 5 R 08 i
BOBIRX B ZARIX, X — S5 R A B g T J5F
RGEH. I AR AR A BEE R B 2 B B
H1.6%.

FEETE AL B BRAAAT 5 B R AR BR A R 4 v 19
SRR AR E DT A EE AR, A AR P O AT
ARPE RN R 2T AR, RS B 2 1
2R (1) AR R SR ; (2) DX

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

470 bW R 2 %R (B R R

14 %

& A

FHILEZ T C, Mn, Si, P # 5 & 730k R
0.13% ,1.6% ,0.3% ,0.07% , W] = (4) A 18X
Cill =)

CE=0.13 + 10,93

6 +ﬁ:0.409,

KB AR T o SR A AT R PR AR 34 2 FR 0. 6.

T 4 B A X L PR R i DX AR By

HV, . =(666 x CE +40) +40,

W 272 <HV,, <352.

AR B P AR e 2 2 X RS A B AL RE , HY e <
350. AGFE K HV,, FR B 5 48 4 30 ML R (L, T R MR
AR T HLRE H , BOXBIRLBA 4 HAREAERE.

FEIR S RE R, AR K R AR 2 RS

(1) shEAL

HERILR AT MERE,HS5TURPINER
7, A B A ALY B S TR R T

(2) WA

YT MRAE, SESonR RN, TER I
PAN B B2 1 ALY =

I B AL, SRR R EAC T, B
BT BRI B TR B Z . Grabke 2 A 47
H BB IE T B Wanger SRR N

L * 2
; Ng(anonny) 2@(%1/]\731)0) , (5)

X, Ny IR E AN EE RV A 4 I
IRIEFR, Vo, B R R g " RIE AR
YRR EE A G SRS, D R E ek
BETTE BT BRE

HRXS) PRARRIISHE B B TR
BHME, FH DR T AU ATEEKR, AL
YL TR D40 KT er, WlTE SN &
b, TE LRI ALY )=,

XTI A A SR, R AR 5% H,  FE R
710 C B KRR 760 CHE, 235 I, =X (5)
el G &R RN A APTRIER N 2.160 8 x 1077,
MAHIN 9. 767 1 x 107, MU AL hy P9 484K

LSRN 5% H,, B s 10 C, B KRER
800 Cif, &HEIW, K (5) L£iBE LITTR A
FrEVER RN 3.502 x 1077, A1k 14.07 x1077,
FTI® MR 4B AL

e BaR T, IR KIREEN 760 ~ 800 CHT,
TR B AL, PR B T8 R A R

4 BEREMAEERE

22 [ B X AR 78 A P SRR AT £ AL BB iR
YA (Y YR AR A+ H ok
W) MR AT T B SR R S A iR g,
T R B

(1) I EAR B 138 B A0 R AT ). 2
B HTHIR B TE 600 MPa 7275 , £ ARSI 2T AR 48 4L,
W7 1 SRR . R i iR PP 2 e B (R Y
35340 J/em® L L.

(2) Y B3k 1A g il (M pr=) Fn -t
FICHR R HIAEG , 78 1560 509 F) 7 4% 2 10 R 1 i G
Y=g IR PG I X TC8 2URIRIR 2L

(3) B TR R, AT 7R3 T A L T
PATIREE.

TE HLA I R R AT PV PR 45 R R T
B2 o, 72 0.5% Al INBRBARE T , AR R AR 9L
EHPEER R R X

(a) 760 L
2 FREERXER TRIP NAEER LR
Fig.2 Morphology of the galvanized TRIP steel which

(b) 800 C&H

have been annealed at different temperatures

SR AR RSB P B AR [ N KB R AR T RS
L) MRAT A

5 & it

TE RS A B S 2 R BN, BhRI i
FAAC BB PRI S SR PR RE A A AP B - 1S 10
SRIBHE b IR SR Kk BB ER B
A AE H R T A g TR B AT AR 1 1R 1 A AU
0.5% ALFJREBRIF T , VRS R AR LR 2 R

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

E5H

2= B, S R AT A AR TS R IR AT ] 471

4. Bl AR AR 28 P A AR R B P R, AT AR
JTIZ BRI A ok A

il AXRENEALRAMERBMF RS AR

B, B
SE 30k

[1]

[2]

(3]

(4]

(5]

(6]

[7]

SAUVEUR A. What is steel? —another answer [J].
Iron Age, 1924, 113.581.

ANKARA O A, WEST D R F. Physical properties of
martensite and bainite [M]. U K: Iron and Steel
Institute, 1965:183.

ZACKAY V F, PARKER E R, FASHR D, et al. The
enhancement of ductility in high-strength steels [J].
Trans Am Soc Mater, 1967, 60.252.

TAKECHI H. The progress

automotive application in Japan [ C]// Proceedings of

of steel products for

the International Conference on Advanced Automobile
Materials. Beijing: [sn], 1997:19.

BLECK W. Using the TRIP effect — the dawn of a
promising group of cold formable [clv/
Proceedings of International Conference on TRIP-Added
High Strength Ferrous Alloys Ghent. Belgium: [ s.n],
2002 .13-23.

MEYER M D, VANDERSCHUERE D, DE COOMAN B
C. The influence of the substitution of Si by Al on the
properties of cold rolled C-Mn-Si TRIP steels [J]. ISIJ
International , 1999, 39(8) .813.

LI L, DE COOMAN B C, WOLLANTS P, et al. Effect

of aluminum and silicon on transformation induced

steels

[8]

[9]

(10]

(11]

(12]

(13]

(14]

plasticity of the TRIP steel [J]. Journal of Materials
Science and Technology, 2004, 20(2) ;135-138.

GUTTMANN M, MCLEAN D. Gran boundary
segregation in multi-component systems [ M]//
Interfacial Segregation. Metals Park, Ohio. ASM,

1979 .261-348.

LIL, DELAEY L, WOLLANTS P, et al
Thermodynamic analysis of the segregation of multi-
component steels [ J]. Journal Chimistry Physics, 1993,
90.305-312.

LIL, DELAEY L, WOLLANTS P, et al
Thermodynamic calculation of segregation in multi-
component steels [ J]. Journal of Materials Science and
Technology, 1996, 12(3) :238-240.

GUTTMANN M, DUMOULIN P, WAYMAN M. The
co-segregation  of

thermodynamics of interactive

phosphorus and alloying elements in iron and temper-
brittle steels [ J]. Metallurgy Transactions, 1982, 13A;
1693-1711.

MCLEAN D. Grain boundaries in metals [ M]. Oxford
Clarendon Press, 1957.

SUNDMAN B, JANSSON B, ANDERSSON J. The
thermo-calc databank system [J]. CALPHAD, 1985, 9
(2):153-190.

GRABKE H J, LEROY V, VIEFHAUS H. Segregation
on the surface of steels in heat treatment and oxidation

[J]. ISIJ International, 1995, 35(2) :95-113.
(.0 ER)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com



