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Effect of Composition Control and Rolling Process on the
Microstructure and Properties of High—Strength Welding
Wire Steel
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neering, Hebei University of Science and Technology, Shijiazhuang 050018, China;3 HBIS Materials Technology
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Abstract: To address the fracture of ¢5.5 mm high-strength welding wire steel ER55-D2-Ti rods during drawing caused
by excessively high tensile strength, a systematic synergistic optimization of residual element control, steel cleanliness im-
provement, and controlled rolling and controlled cooling processes was conducted under full scrap electric arc furnace con-
ditions. By establishing a precise scrap charging model and optimizing refining and RH vacuum degassing processes, the
contents of Sn, As, and Sb were controlle withind 0. 035%, 0. 004 0%, and 0. 002 0%, respectively. Meanwhile, the
oxygen content in molten steel was decreased to below 15 ppm, and the type A inclusion level was controlled below 0. 5.
In addition, by adjusting the on-line cooling intensity , the laying temperature was narrowed to 800 ‘C-815 “C, and the cool-
ing rate was reduced, thereby prolonging the ferrite phase transformation process. After the synergistic process optimiza-
tion, the microstructure of the welding wire steel transformed into a dual-phase structure consisting of ferrite and granular
bainite, with the ferrite volume fraction increasing from approximately 10% to about 40% and a pronounced grain refine-
ment. The average tensile strength of the wire rod decreased by 115 MPa, while the strength variation within the same coil
was reduced from 93 MPa to below 50 MPa. Consequently, the drawing performance of welding wire steel rods was im-
proved , wire breakage during drawing was significantly alleviated, and the welding spatter rate decreased from 4. 78% to
1.33%. The results demonstrate that the coordinated regulation of chemical composition, steel cleanliness, and thermo-
mechanical processing effectively enables the synergistic optimization of microstructure and mechanical properties of high-
strength welding wire steel, providing an efficient technical pathway for stable production and quality improvement under
full scrap electric arc furnace conditions.

Key Words: High-strength Welding Wire Steel; Residual Elements; Controlled Rolling and Controlled Cooling; Laying
Temperature ; Tensile Strength ; Strength Uniformity; Drawing Performance
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Table 1 Standard requirements for chemical composition of test steel ER55-D2-Ti %

C Si Mn P S Cr Ni

Cu Mo Ti Sn As Sh

<0.12 0.50~0.80 1.50~1.90 <0.025 <0.025 0.30~0.60 0.60~0.90

<0.15 0.20~0.40 0.02~0.15 - <0.015 -
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Table 2 Residual elements and Ti composition of test steel
ER55-D2-Ti %
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Fig. 1  Effect of residual element content on tensile strength

of ER55-D2-Ti welding wire steel
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Table 4 Comparison of heating, controlled rolling and cooling process parameters between ¢5.5 mm ERS5-D2-Ti steel

original process and experimental process
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Fig. 2 The morphologies and elemental compositions of three different MnS inclusions under field emission scanning electron micros-

copy (FE-SEM) : (a)(d)(g) morphologies of MnS inclusions; (b)(e) (h) distribution map of S element in MnS; (c)(f) (i) distribu-

tion map of Mn element in MnS
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Fig. 3 The morphologies and elemental compositions of three different MnS—TiN inclusions under field emission scanning electron mi-
croscopy (FE-SEM) : (a) (f) (k) morphologies of MnS—TiN inclusions; (b)(g) (1) elemental mapping of S; (¢) (h) (m) elemental
mapping of Mn; (d)(i)(n) elemental mapping of Ti; (e)(j) (o) elemental mapping of N in MnS—TiN inclusions
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Fig. 4 Inclusion inspection charts for A fine, A coarse, D fine, D coarse, and DS types :

number 1); (£)=(j) are the experimental process (heat number 3)
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Table 5 Comparison of inclusion inspection for ER55-
D2-Ti welding wire steel %
TZ A4 AML B4l B c4il CHL D41 DM DS
KTZ 20 15 0 0 0 0 10 05 1.0
WELZ 05 0 0 0 0 0 05 05 0

TR TS A 6 et S, SR T 8 ] ZEISS 1Y Axio Scope.Al 42
HH I A B SO 5. 2R g, IR T
RIS 1 5005 2 S AR VA R Bk R H
LS T ARy 3 555 4 S AHWARRL; 35
PSS 3N e Mg B T, A S
Jim o

& 5(a)-(b) AT UL, JR Tl 80 Bk E AR +ohr
AR DT AR+ T FAA 5 IR 5 (e)-(d) Al WL, 336 T 25 5¢
SRR T ICAR , S A U B R AR +RRR DL G, H
R ZE AR EL B v LA A AN A L kA B —
FEANL o FRARIF IS AE i 22 305 3 ol ik R AP A2 R 0
I, B TR — S . Y EE R BT T LK
T I AR EG AR | Rl e e R AR 3G . K
VAR 22 4 1 S f 2l 2 3 Pl A ARRIORLIR DL G
YR, He LR 2T ) 2 P Be A e P . A
FIS AL, T ARG SRR AR LB i 29 10% $2 5 &
2 40% , R IR DU LG AR LG A1) B 80% [ %8 60% , HLIH Bk
TR P, A VA v AL IR R E AR TR
J 9 G P 43RO R BE 00 L T 2SR Ak B R oy e
AR T B

R LSRN A BT o hr o B 4 S PR Ak, 43 5 AR

2 —

Fig. 5 Microstructure images :

5 GMALRE: (a)-(b) AT LZS 1);(c)-(d) FXE T Z(F53)

T 205 VRS T2 005 3 (93 B 2 2 URE R 50
PUHE o (I BUZ AN 95 245 43 S8 X I A7 8 B
PR AE 2 1-14 BOITRE 255 ), G 00 36 ] ) it r
SRR RIS T 505 30 14 AR RE P H o By 787~
832 MPa, ¥4 {8}y 809 MPa, ¢ Jit T. 205 1 (¥4
924 MPa)F&A% 115 MPa( L3 6) , [F] P8 i i 4% 2%
93 MPa [% % 45 MPa, 1% 22 F& Ik T 51.6%, [7] Bl 34 2)
PEAF SR

W5 1-4 KGR B 7 B B A B ik
JEE AT O R LR nE 6 R . A6
AL Y, JE T 20 HeAa B T 25 oo o B R A B g
o LB HUE A, Horp 05 1RO 22 93 MPa, i i
WELFA LR b5 1 BT 20 BT r o 3 550 s 22
R AN H R B U Bl K [ el i B 1 A 1 2%
M5 3 GRS T 20) W Bt oL e J5 50011 0 2 A0 X %
/N, [) Rl 3 34 ) e 0 it

g5 b B AR 22 3R B R AT A L A5 A
PRR R 40 AR B B PR T2 A A
TR TR AR AR Y B, RR DU EC AR L ) 3 R
I, DI R B . W i 22 3R B VU I S, AR AR TR
APk B e, 2 UG A T S M AR N 4 R A T R
VR B 11 RIS, st R vy T [ Bl i 3 5 1

ZE AR 2 FIE 1 X R AR ICEK Cu.Sn . As Sh A
5 o BT RN ] B AR AR T R B, 0 T T O
B, T REAR TV TR Ak AR R FI S 1
FHT ES G TR s RN R T, 55 T AR
W7 I 2 i R S A IR 1 Ak 2% A B AR R Rl T, AH

= § 200m

(a)-(b) original process (heat number 1); (¢)—(d) experimental process (heat number 3)
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Table 6 Tensile strength test values for ER55-D2-Ti steel of original process and experimental process

MPa

IEW 0 R 1 2 3 4 5 6 7

8 9 10 11 12 13 14 T

PaE=a 912 909 876 889 946 953 916
B2 932 879 913 923 891 897 947
g3 818 789 819 811 823 803 792
54 803 817 830 786 789 824 792

912 925 934 942 969 934 921 924
943 971 908 917 935 954 901 922
821 806 802 812 787 808 832 809
808 834 820 822 797 813 819 811
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Fig. 6 Distribution diagram of ER55-D2~Ti steel tensile
strength and its dispersion in original process and experimen-

tal process
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