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Microstructure and Properties of BFel0-1-1 Alloy Plates by K-TIG Welding
MA Zhaowei, LIU Jia, CUI Yongjie, DONG Chuangchuang, ZHANG Yaong,
YU Yan, HU Weimin

(CSSC No. 725 Research Ingtitute, Luoyang 471039, China)
Abstract; The welding test of 10 mm thick BFel0-1-1 copper alloy plate was carried out by using Keyhole TIG (K-TIG)
process.The results show that the single-side welding and double-side forming was realized, and the weld forming is beautiful.
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The weld section is free of porosity, lack of fusion, cracks and other defects. The microstructure of the weld zone is mainly
dendritic «, which grows and extends from the fusion line to the weld center. The structure of base metal zone and heat
affected zone istwin « phase. The closer to the weld, the larger the grain size of the heat affected zone. The hardness value of
the weld zone is relatively high. The hardness value from the weld to the base metal decreases first and then increases. Slight
softening occurs in the weld zone near the fusion line and the upper area of the backing weld. The average tensile strength of
the joint is 346.5 MPa, and the fracture location is the base metal. The bending test was carried out under the test conditions of
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«=180° and d=4 t, and no cracks are found.
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Tab.1 Chemical composition of base metal and welding wire (wt%b)

oon FER> FBILR , AKT
Cu Ni Fe Mn Ti Pb P S C S Zn Sn
BFelO-1-1| 4%& | 9.0~11.0 | 1.0~15 | 0.5-1.0 - 0.02 0.006 0.01 0.05 0.15 0.3 0.03
HSCuNi AE | 29.0-32.0 | 04~0.75 | 0.5~1.0 | 0.2~0.5 - 0.02 0.01 - 0.15 - -
xk2 BEIZSH
Tab.2 Welding process parameters
JZE 1% I
JREEHIAL JA 440 200
HLIHLE vV 18-26 14~18
PREERE /(mm- mint) 40 15
WK LLHEFE [(m-min) - 12

GUREE SOPERE 25k REABERE NG MRS
2 WWERS R

2.1 BWIELES

Kl 1% BFelO-1-1 #il & 4x K-TIG MREERiHY , 45
KR, RH K-TIG EA] S8 10mm J& BFel0-1-1
A 4 BTS2 N AR | g R SE L, e T 444
—3 #% NB/T47013.2-2015 AR B sk R KR4k 647 5
SRAGIN , ARG &5 S i NB/T 47013.2-2015 1 4% %
Ko Sk R IRAS A ARSI R & B AFL ARG A
200 e G AR T R B I R
INLIREETESERE . K-TIG BHETEIE S TIG 5L
fitlh L% FEL R R AE A T Rl g, PR T AR H A
FOPEIET IS (NN Rk 2 SN TP 5 753 s ) i)
REE 2 R AR W AR AL RS, SO A 4
Bl 2 iR, K-TIG #RE R I — MK T 300A S
B B 42 /INAL (1 2)  J il 4 s 1 o 7/ INFL A i
[ 5 L 1% i i s 200 I 1 TR AR %, DA T S 0L B
LT s 78
2.2 MABLSHT

Rl 3 Rk 45 XA e 2 2t anlEl 3 FioR,

(c) KraEm
Bl 1 AR
Fig.1 Weld forming

K2 K-TIG HH e
Fig.2 The arc shape of K-TIG welding
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Fig.3 Microstructure of each region of the joint
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Fig.4 Hardness test results of the joint
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Tab.3 Tensile test results of the specimens

at room temperature

B R./MPa WBr v
1 349 BEAF
2 344 BEAF

¥ 4R EEAE =180° d=4t (t WHRJE )5
PR AT 00 TS R AS I SRR 4 SR A R R B
gurE i WL iR R,

3 #ie
(1) RHK-TIG TZHM T 10mm & BFelO-
(F#EEE 120 1)

-114-



PINT TS
Hot Working Technology

(2) 1K G B FER AN J7 B R I S R £ 4 2
B R JEARAE L, S35VN AR 1 Rd 3 T, SR
SAPERETY ; 180°C [l K J B ¥ Mk 56.5HRC, HifiL
SR BE YA Sl 1844 MPa, W7 2L i 7 78 B I {E
3.89%, ifi B TP RE f AL

SE 0k

[1] ZhuQN, Li J, shi C, et a. Effect of quenching process on
the microstructure and hardness of high-carbon martensitic
gainless sted [J]. Journal of Materials Engineering & Perfor-
mance, 2015, 24(11) . 4313-4321.

[2] Mesguita R A, Barbosa C A. High-speed steds produced by
conventionad casting, spray forming and powder metallurgy[J].
Trans. Tech. Publications Ltd., 2005, 498.244-250.

[8] We S, Zhu J, Xu L. Research on wear resistance of
high-speed sted with high vanadium content [J]. Materials
Science and Engineering A, 2005, 404(1/2) . 138-145.

[4] Chang K K, Yong C K, Park J I, et d. Effects of adloying
elements on microstructure, hardness, and fracture toughness of
centrifugally cast high-speed stedl rolls [J]. Metdlurgica and
Materials Transactions A, 2005, 36(1) . 87-97.

[5] Leskovsek V, Ule B. Improved vacuum heat-treatment for
fine-blanking tools from high-speed sted M2 [J]. Journa of
Materias Processing Technology, 1998, 82(1/3) : 89-94.

[6] WanS, Li H, Tieu K, et d. Mechanical and tribologica as-
sessments of high-vanadium high-speed sted by the convention-
a powder metalurgy process [J]. Internationd Journal of Ad-
vanced Manufacturing Technology, 2019, 103(1) ; 943-955.

[77 HulL, Nga T, PengH, et d. Microstructure and properties of
porous high-N Ni-free austenitic stainless stedl fabricated by
powder metdlurgical route[J. Materials,2018,11(7). 1058-1068.

(56 114 1)
1-1 G 4 ) B TR AU BT, AR AR R AR 4 4
TR RIE A LA,

(2) JREEX FEER AR o AL, G2 m
JREE T AR R AE N BEAT XRFGEIR [X 41 2 AR
A bR Y o A ST RRAE () FAZ I X AR R

(3) IREEX AREBE(E R, MARSE B BER Y i
JEESCREAR BN, TS AR B SR E XN T e g
T DX 38 B SR AL

(4) B FIPihinR A 346.5MPa, Wi 247 &
FEERE  7E «=180° d=4t [ EE R AT I,
KL,

[8] A, %, =, 4. AELIREEXS SB5VN HIH L5 PEREY
. &JE#AbI, 2020,45(11).99-105.

[9] Krauss G, RepasP E, Gilbert R. Fundamentals of aging and
tempering in bainitic and martensitic steel products[C]//Montre-
d, Quebec, Canada; Iron and Sted Society, 1992.

[10] Hossain R, Pahlevani F, Sahgjwala V. Sability of retained
augtenite in high carbon gted-effect of post-tempering heat
treatment[J]. Materials Characterization, 2019, 149. 239-247.

[11] Ramona S, Roberto G, Giovanni P, et a. A novel methods
for fracture toughness eva uation of tool steels with post-temper-
ing cryogenic treatment [J]. Metas-Open Access Metalurgy
Journal , 2017, 7(3) : 75-85.

[12] TR, M390 MK if 4 A I A 4L Ty 2= PERe ot [D]. 2
I 22 TR 2021,

[13] Wang M, Hahaut D, Zhang Z, et d. Primary carbide
transformation in a high performance micro-aloy at 1000 C
[J]. Journd of Alloys and Compounds, 2019, 781. 751-760.

[14] Krakhmalev P, Yadroitsava |, Fredriksson G, et d. In stu
heat trestment in selective laser melted martensitic AISI 420
dainless sedqJ]. Materids & Design, 2015, 87 380-385.

[15] E&F,ZEMEUR B 5E 45, SERERALIE SR BEXT Rk SN 21 2L
M. AJR#AbEE 2016,41(11).88-92.

[16] LiangJ, Zhao H. Effects of the austenitizing temperature on the
mechanica properties of cold-rolled medium-Mn sted system
[J]. Journd of Alloys and Compounds, 2017,691.51-59.

[17] Cheng L, Zhou J, Zhang X, et a. Effect of heat trestment on
microstructure and impact toughness of a tungsten-molybdenum
powder metallurgical high-speed steel[J]. Materias Science and
Engineering A, 2021, 815. 141268-141278.

[18] Wang L, Dong C, Yu Q, et a. The correlation between the
distribution/size of carbides and electrochemical behavior of
17Cr-1Ni ferritic-martensitic stainless sted [J]. Metalurgica
and Materials Transactions A, 2019, 50(1) - 388-400. ki

S22 Xk

[ 2 X KA, %, BFelO-1-1 54 PAW $:3k 4 4Lk
REWFEd]. #UIN T T2, 2019, 48(23) : 140-142.

[2]  ZEJtE. BRelO-1-1 FIH Y F21 J) ik WO AL AL KB 78 L
WFFE[D]. M . JTIGHE T2, 2019.

[381 BT A BFelOo-1-1 #18L& 445 #1725 M i A BROG#r
KRR [D]. BRI sl T K4, 2014,

[4] ZMHEA,BEEE, XA, S BLO A4tk PAW B T 2A0F
X[ MEIF RSN, 2011, 26(1): 4-6.

[5] 4540, XBk4E. BRe10-1-1 4R T A MAFSE[D. TR Tk
K2R, 2007(1) : 32-34.

[6]  EEE, SR TV %, BRel0-1-1 MRS B TR T4
BFSE[]. MR AR 2022, 51(10); 50-53.

[71 kBB VTR B, 45, BFel0-1-1 14 4 FSW 4323k 1 41
I HERERFE [, AT T2, 2021,50(7): 31-36. I

-120-



