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ABSTRACT This paper presents the mechanical properties and welding properties of Q235 steel
with minimum yield strength of 235 MPa treated by a novel quenching-partitioning-tempering (Q-P-
T) process. The experiments indicate that the strengths of Q-P-T treated Q235 steel (briefly called
QPT235 steel) markedly raise compared with Q235 steel, and its yield strength and tensile strength are
435 and 615 MPa, respectively. In addition, the mechanical properties of the welding joint of QPT235
steel are markedly improved compared with Q235 steel when the same welding solder and process are
performed for the steel with the two treatments, and the tensile strength and elongation of the former
are about 532 MPa and 16.71%, respectively, while those of the latter are about 414 MPa and 12.4%.
The microstructural characterization reveals two main factors resulting in the mechanical properties of
QPT235 steel superior to those of Q235 steel: the grains of ferrite and interlamellar spacing of pearlite
are both refined in the welding heat affected zone (HAZ), and a lot of widmanstatten structures in
the welding joint of Q235 steel is avoided for QPT235 steel; there is a mixed microstructure of hard
phases of martensite and bainite as well as remained austenite as soft phase in both base metal and
HAZ, which replace parts of ferrite and pearlite in Q235 steel.

KEY WORDS quenching-partitioning-tempering (Q-P-T) process, mechanical property, weld-

ing joint, microstructure, refinement
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BERRZ— D SSLRESWRENE RN B
B THERA B E, ERE R AGET, Eit
HGHE TS RRARN RS Q235 WAL D, X AWME
AR TRE. EAE W amxaag O HeiEn
BB EFR (BB EAR) R RE B
BB ERRR TR, RS THRE. RAZHALHEEM
Q235 FLAL MM S BRI Rk, IR
400 MPa 4. mERP&HDREN FNAR, BHEEE
EaIRE, B, 125 Q235 WAYIRAET (1 B 2 .

Attt ), R ©7) Bl T AR EE (quench-
ing & partitioning, Q&P) HFr LT KAk “#E C #
-4~ (constrained carbon paraquilibrium, CCE) #
i B mikEswaUE (DP) W O mAsiE R s
(TRIP) @ 19 smpreEmay Q&P M M. Q&P L%
A SR AR AT A E E—RE (T,), HRIE—
BritEl, # C Mt Am D RIET BB RKRAST £, &
C WRREAERESHFIZRNTRARERE, AR
AR, 2007 4, Hsu'? 18 Q&P T ¥ 1
#4477 Q-P-T(quenching-partitioning-tempering) T.
¥, SRR AR TRALIE R & ST U —5R
EMAY R, [FIB AR IR AY B AGR A eE C
¥y 43 e R BE B ], 84 Q&P T2k C SMHLiR B AIEf ]
RIREE M, 1 Q-P-T MEBEEET Q&P Hikk 13
ARBAR TR 041 %0, P RIEE SMEHH
Q-P-T TENHE, 56 F- AL & TR R4
BAEGRK — HA (Q-T) TEAFEGH F12E R

BT B Q235 4RikAT Q-P-T 408, AREAH

&ﬁﬁl%ﬂfi?%‘“{ PRI AR HIR & (RIFREKIR

%) VLA E e e I R Q235 WIS E M
|E, FEtx2 Q-P-T THaME Q235 MayEitkes
BT THR. AR TS Q P-T TE4HEA Q235
%1 (QPT235 49) F5E Q235 iy F 2 HAE I S A4,
IR KIR S R LB RS IR & RE Bl S kR,
R J422(E4303) #H4EF a2 5%t QPT235 f1 Q235
2 PR CHEE THIE (SMAW) 24, 44 Q-P-T
TR R .
1 Z’A%

i A Q235 H BUSNARJE 12 mm, HibEmsm
# 1 R Q235 WMy REKLEE Az M5 RE#E

B M, 4 81% 865 f1 410 C. Xt Q235 H FE#
7 Q-P-T gbrEaygeKit &6 S XE A 3000 mmX
400 mmx250 mm, fE 1 iR, %4 MR
Wi AR R AT 2, (KT 2 S e R B R TR Y
B, LB RO KT, SRS A
KA LY 5000 mm. i R A R S B
YRR K B BT A A, )R K B S A B R R B 1]
EBSEE C YA BEAIE K. e AT L, VR K B IR AT ] A
Fe A E /8] J 718 A ) R ol K A B L KR I B
TR A K et 1] Bl gy 7 Q-P-T TZ B+, @
W 7E Q235 H BRI AF AL R 4R R s (R sl H
BEGARAIE AR E AL, RIS AS R SO0 18 A
2 U7 kg S R mE 2 R, £+ B, C &
H5A SHMEESESS 100 #1 150 mm. A Jmatpro
TN Q235 My HIEs A (CCT) fhigk, wiE
3 FR. AL, BB G Bk E R BR AL IRATE MR 5 & K
HoRI DR RS04, 4 HIE L RTA T 100 C /s,

REARSTAMPOTR, e Q-P-T 8T
i Q235 H RIS B CALIRE (930 C) HRR
1 h, =% 40 s J5, KRS LEKEX 12 s (Ki
30 C), ke, (#F H REE H E kLR C iR
BALIIAT . 7E Q-P-T T, H B g M
AR 4% S 18 RE B IR (8] A9 S TR an & 4 BioR. M 850 T &
150 Ci#Ek 12 s Ay, A, B f1 C 3 MERALAYR HIE
RIEHIEN, 3BF#) 60 C/s, BiRHFMRAE HEE. &
BSR4 BE /[ Jot AR, 3 MBI ETEER. NG
FRAEERS R B, C Ml A, (B2, NS ET

B 5 A {AayizKEZE/NT 100 C, /HE 50 mm
g B 5 C Mg KiBZE AR 25 C, FHEBEXE
EREFHBETREE SN 0.5 C. 7E5E /. 300 s J5, 3
A EMRREBET -3 XEH, /K& HARARE
BEMEEER/NEEE, 5 H AMAFETALAE
REE W BT,

KA J422 BEAFIMAFAR TR Q235 Bk
QPT235 MARHITHIE T LM F THaIE (SMAW) &
B, FHHEWERE XA R B, B
BY A R T 360 mmx 120 mmx6 mm, #HIF 60° #1,
AT AR E, LR BX6 200 BIFETHEY, R
BEAG TG HPRERSTHER 3.2 mm x

®1 Q235 W0 J422 BEMLER ST
Table 1 Chemical compositions of materials Q235 and J422

(mass fraction, %)

Material C Si Mn S P Cr Fe
Base metal Q235 0.17 0.26 0.46 0.007 0.009 0.02 Bal.
Welding rod J422 0.12 <0.25 0.3—0.6 <0.035 <0.040 - Bal.
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Fig.3 CCT curves of Q235 steel calculated by Jmatpro soft-
ware (grain size: 30 pm, austenitisation temperature:

865.84 C)
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Fig.4 Measurement of cooling curves at different height po-

sitions in H-section steel

!
!

20 9
B2 HEMNEERZHIA ” - @
Fig.2 Temperature measuring positions in H-section steel |

350 mm, KA DC %8, mFRERN 230 A, BTSN
2128 V, 48458 # % 150 mm/min. QPT235 #iEEME
i, BRI G B EE, RERERS. FIA 500RA Bl
AT (HRC) &, A Sl gE S
AR R R 5 . frscise Zwick TI-FRO20TN 5 PR BEERCRE AL B AR R/ . .

. Fig.5 Sampling location and size of tensile specimen (unit:
A50 BB YL EiEfT, ZEHE T 0.5 mm/min #
TR 18, I ISM-6460 BIEH 58 (SEM)
WA OB, REERORREEEOTREE 2 ERER
f&h, FIH QUANTA 450 4 SEM WZ#MAHE. A 2.1 QPT235 Ry HREFIRUILELR
JEM2100F R 57 B i (TEM) MEHRHAAR. QPT235 #fJEARRIE . HTHLSHR BEAIEE 253 51

;

mm)
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435 MPa, 615 MPa f 17%, &{&/ERRE L Q235 &
BIEE T 200 MPa. QPT235 #1 Q235 %84 Wi 41 4t
K 6 fr7s.

MIE 6 TLIEH, Q235 M ZHREREMZERN
RERGIEARL, T QPT235 WERE A M LAY RIEFIER
R 2 R A, RETER 200 S MR ULIRE, (B3
BB KGR ITES . £ TEM T, af &0
BRI R FMAER LK (B 7 F1E 8a), &AM
(1 8a py[e#Bsy) I HARFRE BICE (& 8b). BT
XEHM TR, QPT235 Mt Q235 MAAFE =Y
SRIE.

¥ Q235 WiE Q-P-T LFEaT2 R KA
FERELT, HM, ALk BB LT R VI 7 A S g 2t
B HAEE. RN, WRFKESHRREL LS
Q235 H BH#ELERIMEKIS A, HEUG#FE—2amik, §
AR E A RE.

2.2 QPT235 RIS iEMEE

QPT235 M Q235 ML LIEE AL mE 9 BF
. RA J422 4R &t SMAW R8T, X Q235 #if
T, BT HEAMERE ST Q235, [F& i TARERIRA
], AR SL T BE A A X PN PR R AR A% OB S A T
R, (HIEmE XA, B2 LR HERET OB SR

s

=)

B 6 Q235 f1 QPT235 M AL SEM (£
Fig.6 SEM images of Q235 steel (a) and QPT235
steel (b) (F—ferrite, P—pearlite, B—bainite, M—

martensite)

Bl 7 QPT235 RBA LTIk TEM (g8 %K 17§
(SAD) fE#
Fig.7 TEM image of martensite and corresponding selected
area diffraction (SAD) pattern in QPT235 (The lath

martensite is composed of dislocation substructures)

8 QPT235 AR ILIRI&A T [T ikfy TEM M. %%
B {KRE 5 SAD £

Fig.8 Bright field image of bainite and martensite in
QPT235 (a) and dark field image of remained austen-
ite and corresponding SAD pattern (b) (B—short
strip-like lower bainite, M—Ilath martensite, Ar—

thin film-like remained austenite)
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Fig.9 Hardness distributions near the welding seam of
Q235 (a) and QPT235 (b) steels

TOE AR, FEEM B EAHS (B 92). %4 QPT235 H
KA JA22 SRGHATIREERT, HATA R RER TRH01, 48
et LA A REBE R 48 h DBE BB KT R HT K, JUEAE
BE RS, BEREHYSINEE S (E 9b).

AR5 Q235 1 QPT235 (R Lk ke T hrfd oL
5%, frfpah R B mE 10 Frs. AE 10a ATRE
i, Q235 M LITNRE LK 414 MPa, EMHELY
K 12.4%, REWH R 5140 MPa-%; QPT235 {284k
HHREAN 532 MPa, IEMELE 16.7%, @B
8856 MPa-%. 5 Q235 (fEiELiit, QPT235 i
REMEHERFCEERS. BT J422 BERGBRERH
% 420 MPa, BIEEFTMREEREL QPT235 H, & T
Q235 4, Hit, Q235 Rrfaieay WS & 7E W15 BEAF J7
MR X 4b, T QPT235 i ik FEA WL A & 7F f
mE A X 4b, A 10b IR,

ALY R EWME AT LA, QPT235 Wi
{ek T BUTE X A VI U BT Y, BT I b B B A BB MR
FENRT T 5 B K IE N S1 9 f R 45°, RHTERT R, Q235 W
T T R O IE WP RIS 2, % VLB T A B ) 5 B R AE Y
SEMTFEE, t K R ER R 19, Q235
1 QPT235 S LM MW DA WE 11 fR. 7
PUE i, QPT235 MR R LA h il O A e 4/ VB &R 1Y
155, Q235 R4 LA N O B RS IE & RA PR

1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18
Strain, %

Fracture location

Fracture location L of QPT235

of Q235

10 mm

Bl 10 Q235 #1 QPT235 XM R B ERFIBT AL
Fig.10 Tensile curves (a) and fracture locations (b) of the
tensile specimens of Q235 and QPT235

iE, HREEEKHTE REEENERERE. 1 &
Wit TR 5 mmx10 mmx55 mm A IEFRAESR BEE
SR, R EER R, QPT235 Bl
BE254 18 J, mi Q235 {X£44 9 J.
3 SM5ite
3.1 AHEEME

& Q235 Wiy CCT M4, e HMNALR, U
RFEMBE Q230 MR ELE AL AEE. £
FORAM Q235 H M, HHWALARHKENZKRE
MO RBBRGAAR. BIEE 3 FHRMG Q235 WMls
# CCT it& 2, Q235 H BMEFRNRILE, BWK
B, AHIEEALE 01 C/s BT, Q235 & Q-P-T
LG, FERERSEREERS HSRBE ML, LK E
FAaEULg0Kk, Rt ERKRSHSEE. SR ITK
R BICK. XTHE 3 a8y CCT sz w IR, ©
B8 HIE R LYE 10—100 C/s, X GEMAYS HIFEE (4
60 C/s) 07T B Q235 H AIRNAZFRIL K%M
WSV HE, BREREERMEDKE, X HHHE
3 iy CCT L[ H#ERT, ELAWe MERNE 3—
70 C/s, BmTEHHBUKA HEE, KTFHRRENBEH
HHE.



40 & &

¥ 1R

%49 %

3.2 REAIEHXARUWER

% F QPT235 841 Q235 Mk Fehr fhaTERGEIA X
WEEL, TR, XSS XA BOM AT T 4. QPT235
AR LA Q235 J5ERE Sk Al B i [X A Rl 43 Ayt #h
X, EXkIX, $AIEXX 3 AKX, mE 12 pis.

Q235 1 QPT235 HEmX fat X, EAX., #
FIE AKX B RmE 13 M 14 iR, @\ PR
0] QPT?So fﬁ,/az!l:[: Q235 /)N, fﬁf%f#?%ﬁﬁt%ﬁ

QPT235 B EMT Q235 B LAFER Z—.
EE X, i FREZS TREELEEH Q235 WiF
TEALR R SRR IR SRRSO SUR, IR vt 58
RO (Y B8 R A, SRS 7E VS A1 AR P R A B R AR i []
SRABEAL (K 13a), 11 QPT235 AFaa s, FH
TRFENIRGE TR P AR/ B AR kL, I T SRR
BT (B 14a). 8%, EEEEXE, SREEMELE
éiﬁ’EEE%EEﬁS BT R R A AR, #% AR T Y

[20,21]

5 A
L o 3
500 um: l:i

e |

B 12 Q235 Al QPT235 LA Hhgm X
Fig.12 Heat affected zone (HAZ) partition of Q235 (a) and QPT235 (b) welded joints (OZ—overheated zone,

B 13 Q235 Bl K. EARKHISIE AR AR
Fig.13 HAZ of Q235 welded joint showing the microstructures of overheated zone (a), normalized zone (b) and

partially normalized zone (c)
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Q235 #hzma X th Bk R B FIBREIAM AL, 1 QPT235
P X F 2R TEM W, Q235 iy
Kl guikgk &4k (A 15a) ok EEER RSk e iR 4
B (B 15b), JLHAEBEENRE, Q235 R Kik A4
KEBEAFHERIRASR, wE 15c Frn. @ QPT235
X f AR DA (K 16a), SEEM KK (B

16b) MK Fr HEE Y EREREA (B 16c) AL ikl

W, QPT235 fE ST Q235 Sk B FH KM, IR
Gk R R A EARER LIRS, QPT235 gy vk R 5
FET#aT Q235 P RERKALMNFA.

E QPT235 aysE ik IE kX, AEE—H A1k, B
JCHC AR AT S A AL B BR AR, R EBE A L4k,
F 16¢ frR; QPT235 #rE AR A EEHKE
FrIRIEE M BRER A K BEARF AR A D KA (& 16a). &

e % kb

14 QPT235 HEEE Lt B X, IE KK FNERA 1E A X AR
Fig.14 HAZ of QPT235 welded joint showing the microstructures of overheated zone (a), normalized zone (b) and

partially normalized zone (c)
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Fig.15 TEM images of HAZ of Q235 welded joint and corresponding SAD patterns

(a) granular ferrite, micro-lamellar spacing of pearlite in normalized zone

(b) partially normalized zone

« (000 Bod
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. |
(101~

(110%
.

(c) Widmanstatten structure in partially normalized zone and overheated zone

16 QPT235 i S MmIxa TEM f871 SAD 7£4
Fig.16 TEM images of HAZ of QPT235 welded joint and corresponding SAD patterns

(a) martensite in partially normalized zone

(b) bainite and ferrite in partially normalized zone

(c) nano-lamellar spacing of pearlite in normalized zone and partially normalized zone
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FARITRAR (B 16b) fzkE BEKEHNEEAR, E
(13— I T IR L SR

5 Q235 M EHEE KM EEE, BIRHAS MK
Jei L, QPT235 WA IR X Bk K i i R AT BR LA
B R RBEAREIA L, AR S B B A A B Rg DLER
&, NTfE QPT235 SR L A E ey AR,
7 28 6 B A ER AL 4R A L BN 5 B R ER A 27, (i HC R
A BRI

4 g

(1) 258 Q-P-T T.LHER QPT235 Mg/t
ARERIE K 435 MPa, W Q235 MR NEREBEREST
it 200 MPa, XIS HEFHRAYS HIHE, BRI E
IR GKR I B [RIBE R ER e R 41, 83K B4R
T R AARHI /D1 DT ER A

(2) FH J422 18 %47 SMAW &5z, QPT235
TR LT HIR BE A S 532 MPa, (EfEL Y 16.8%, H
T RMPRIR A e Q235 KRS, 1A QPT235
KR Lo B L Q235 475 T —15.

(3) QPT235 T Q235 pyRERE FLEMAE. I
ERfRFI K H AR AY 2R BRE I, Mt T Q235 BRI
AR TEST Q235 HREM KA LM MRY
B AR A TEAE.
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