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Abstract: The development and application of high-strength steel whose tensile strength is above 690 MPa are limited to
lacking of welded materials with matching strength-toughness. The welded deposited metal to high-strength steel whose ten-
sile strength is below 690 MPa, mainly consists of acicular ferrite. The theory of strengthening-toughening for it is not suit-
able for welded deposited metal of new generation high-strength steel. Therefore, the key to solve the problem is to obtain the
ideal microstructure of welded deposited metal. The effect of coalesced bainite and other various microstructures on strength-
toughness of welded deposited metal to high-strength steel whose tensile strength is above 690 MPa, was reviewed. It is
found that the interlace multiphase microstructure composed by different bainites and acicular ferrite can make welded depos-
ited metal achieve good strength-toughness matching. However, due to its large grain size, coalesced bainite, as a kind of
lower bainite, can significantly decrease the strength-toughness of welded deposited metal to high-strength steel. Moreover,
the properties of welded deposited metal to high-strength steel can be improved by physical metallurgy.
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Fig. 1 Schematic illustration of microstructure to welded deposited metal

of high-strength steel whose tensile strength is below 690 MPa'®]
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Fig. 2 The model of interlaced multiphase microstructure
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Fig. 3 Effect on the strength of welded deposited metal by ytirium oxide
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Fig. 6 Coalesced bainite formed at austenite grain boundary ( The inset

figure shows austenite film disappeared as the plate grew towards

the tip marked ‘A’ , then the plate merged into a single and thick

unit) [27]
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Fig. 7 Optical micrograph of microstructure in welded deposited metal

of high-strength steel ( The question marks refer to the novel

microstructure ) ')
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Fig. 8 FEGSEM image of welded deposited metal (M is martensite, By

is upper bainite and NC is coalesced bainite) '3

Bhadeshia 45 5% F B M2 85 7 HUH R X CB 94T 7 =
HERAE, WK 9 iR, CB HARKM =4ERF: SifEn]
B4 pm, BWEFIE6 pm, KEEATGE 20 um DL,

ABEgE N BT HERRSE €, Ni, Mn JG X 5
PSR S A B R M R R A & B 24 Mn BN B
R, ST R AT, ALUETE A SRS (0
7 HR) o W% Mo Fl Ni 1K, BT SIK
TREEHY; WS IRIALEAY Mn RN &R, D (R A
FAAS 5 M R0 DL G R AHZE & B, AR F 83, AIE AL T
CB, T I, XEECHRIE E4E T T Mn fl Ni JCE 5
IS4 B MO U R EUR I, G 10 iR, 24 Mn
NI Fr e 10 SR AR X I, M, R B, AR %,
ST CB, 445 4" I Ni o626 & ht 48 i el 2
TREAEN BRI, L RS A S R, i
B 402 Mn NI FEAS AT, A22F CB AT Ao



o512 4

FEREHE: 690 MPa 2 L) I il AR AR A B4 SR SO 4 20 LR & DL BRI i 5 a0t T 1173

9 A IR AR A FEGSEM MR A (a) B H 3D S 6 4> J5[m]
BOPRIE (b~g) (AT Sk 65 DL IR b WL ZE 7 11, 3D
FAPRIE T 935 3% 5 FEGSEM & F P pg MRS B . “ -7 3
M, < LA, T IERIE, T AIE, O
o [ 9d JAH ] Amira HiPETREAGMFOLIED) B

Fig. 9 The FEGSEM image of coalesced bainite grain (a) and its snap

shots of 3D reconstruction from six directions (b~g) (The arrows
represent the observation direction, which in snap shots of 3D re-
construction is corresponding to those in FEGSEM image: “—”
is the front view, “ | 7 is the left-side view, “«" is rear view,

“ 1 ”is the right side view, “O” is the upward view. Fig. 9d is

the top view reconstructed by Amira software) (3!
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Nickel / wt. %

Manganese / wt. %
E10  Ni, Mn JCE &S e iR Eee e R oW 2R B 6 R (
ALY 0.034%C., 0.25%Si, 0.5%Cr, 0.62% Mo) ']

Fig. 10 The relationship between the content of Ni, Mn and the micro-
structure of welded deposited metal of high-strength steel ( The
base composition includes 0. 034wt% C, 0. 25wt% Si, 0. 5wt% Cr
and 0. 62wt% Mo) '+

BEAh, AR Ni, Mn JCER bt CB e
B, HAEE TR B AT LL, Cr A Mo 5T 2 19 75 B0

REHB I E Cr A& Mo, I RESLIILIZN B, Al M,
MITAE I T CBY™ o el BV R E T B,
M, T —BURfe st CB A EEF K. KR, Cox
Aefedt CB LR, WREEHR CouRkmm, B, T
AR M, T R R

S 1 IR AR I 22 A T 2, S BOR AR AE ) — B i
R RTBEVESE K BT LA, 81 ) e 2 DU QMR AR AL I e
SAEHE CBIE . Pak 25 72 1 4 i A A8 B ok Lt o
— T T, AR H R BUAR LR T, G
JEARAZ RGN ) 5 AP B T CB, Wi 11 frs. A
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i

The SEM images of welded deposited metal to Fe-0.084C-

1. 53Si-1. 97Mn-0. 71Cr-0. 031 Nb-0. 23Al alloy'®! ; (a) Stress-

Fig. 11

free, (b) a tensile stress o along the orientation indicated
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Dendritic boundaries ™

B 12 g5t bl BT LR SEM B 1)
Fig. 12 SEM image of impact fracture morphology of weld seam
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