48 4% %510 3]
2019 4F 10 A

mAEERMBISIR

RARE METAL MATERIALS AND ENGINEERING

Vol.48, No.10
October 2019

LAsJe 79 8] /= RO $K 5 AR R M BY R FH 2 08

SRREE ', EEY, RER, paf!?
(1. WIRRHE RS, T ¥ B 471023)
2. AeE BB AR FMEA D FE QT R, W P 471023)

B FE: LL0.1 mm ERIPETE A T AZ ARG BN Q235 REAT 1 miE, M TS DN B R AL SV, R T
PR A SR L BRI I . 4R, IREORWUR T 8 KA I, PRIR PRI P R ARV T, B
DA SN LB Fe-Ti 8 A& WM BEA AW, S X A1 23 2 il Fe-Nb A& 40 5 [ v A 41 B 4%
S HUHY I Bl R AL O3 K 52 S I KA N AR A RE F RN 7 KA ISR oK, 2908 4.7 kN

FHEIE: Ak HR MOBRAW; HRBHAUE
REGEHES: TG441.2 XEAFRIRAG: A

XEHS: 1002-185X(2019)10-3309-06

FRAREE & e RE TS 2 R AE R R I BE . K
WL, g A RRE R . BRSSP A AL
LR JE e 0 T R PR R e i A AT R T
M2 R TR R AL BaR &5 ek, L
JAHI L) TR LA G AE TN e RN A
MRz —, BRI RKERE. X
LA R A PERELE TR A RO AL, Ak, Bk
A S o < s ) R S AN T R

i, Ti Y5 Fe RO AEHA TR AR RN
TR I A &4, AT e Sk PE AR e O vk 99 i
BE G S0 <2 R 1) A6 50 2 K S, SR It e R AT
(IR IO, P A U8 A VA [ 2 S5 Ty 1 A
PR A E AT R . BR8] 3 A7 mT LA
B R < AL S ARG, (E I < ()
ALY/ NP ISR e S kv AR é i A1 [E S -3 PN |
it 0 3 9 = B S e 2 U A 1 i < 1] AL £ )
ERIAE R . TR, g Cul'™M,
Ni[ls_”]\ Al[lg]\ Mg[l‘)]\ V[20]\ Ag[21’22]\ Ta[l]%%ﬁ)gﬁyg
R/ (1 S o R 1 (0 L R B e < AT T
Z I, BEAERIWEE S R . MRS n g
kR A R TR Ry VAN /T 1E £ 25 N

HL BEL O 2 R HL R 48 P T 7 2 ) R A
HEAT Jo B o A T T JOEE 4 (K T3 i, R VAR R 1) = 2
PR TR — o AR, AT B S AR A HL BEL U A T
FUHAR/DARGE o A, T Bk o A A 1) L BEL s e

F= HEA: 2018-10-22

Tt b o

S FfORA e 1) v ) o 90 2 U R AR PR R A
PEREDEAT L HE . A FUAE B 0 I J2= RO 0 20 45
R, R TERRIVERE, BN A AR A P fF
PR AT R o S PERRLE L) 1) =
A AL AL BELAS: 9 O BEF 10 Js 5 AR B9 1 T U,
AHIFFEI T2 H AL PR AR BR -5 AR A s i
JZ Nb 5 W7 IR 32 FL A AR e A8, 20 # S i X PR 41
GURFE, PRI IR SO B Sk M RE RS

1 % &I

BT SES A RN E 1 mm BB FIICAR S Q235
B, LA oy WA 1o ek Y 24 0.1 mm JE 146
Bedhi o AR . BRARBI DI AL 100 mm>30 mm, #eff
BYYIA% 30 mmx30 mm, I TGK SBEGEA G AT Af
AEK . Q235 AR AN AR AL B 7 ) AT $E 43 Ie, #454%
KR 30 mm, HEHE T FH 2.

H DM-200 HiBH sUREHLEBEAT mUpR, ] SR I (]
10 P, B S 4 kKN AR, fE 5~10 KA JuH
P, TS 1 KA ARt . BT A CuCrZr &
Gr, MM AR 6 mm. AUEN, BRI E T
RN o B — R AT AR 7 AN AE, 2 M T8
Mg, 5 AH T HUETEI .

L5, EZEAM Nl 1 mm/min (38 58 0% 3k
HEATPUBT IR . 0350 23 3 S AT W T A0 AL %% o T T

EEWE: ExARRERSE (51875177); MMA EERAEHIH (182102410066); 1 m 44 i B GIH A A T34 (16HASTIT050)
TEBE N RS, 5, 1974 4, i+, #0%, R RFEM k22, Trg #BH 471023, HLifi: 0379-64231269, E-mail: qiurf1221@

163.com



* 3310+ WA < lm AP RS TR 548
F 1 MEMEERS
Table 1 Chemical composition of materials (w/%)
Materials C N H O Fe Mn P S Si \% Ti
Ti plate 0.01 0.02 0.002 0.14 0.07 - - - - Bal.
Q235 steel 0.14 - - - Bal. 1.0 0.04 0.02 0.4 0.06
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Fig.1 Macrographs of joint cross-section at different welding

currents: (a) 6 kA, (b) 7 kA, and (c) 8 kA
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Fig.2 EDS line scan along line PQ in Fig.1b
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Fig.3 SEM images of interfacial zone R (6 kA) in Fig.la:
(a) Q235/Nb interface and (b) Nb/Ti interface
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Table 2 EDS results of characteristic regions in Fig.3 (at%)
Region A; B Ci D E, Fi G H
Nb 97.60 38.90 21.89 4.49 5.11 0.00 7.75 97.36
Ti 099 0.81 1.18 045 0.70 024 9225 1.38
Fe 1.41 60.29 76.93 95.07 94.19 99.76 0.00 1.26
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Fig.4 SEM image of position S of interfacial zone (7 kA) in
Fig.1b
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Fig.5 SEM images of interfacial zone (7 kA) in Fig.1b: (a) Q235
side, (b) near Nb layer, (c) Nb/Ti interfacial zone, and

(d) Ti side
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Table 3 EDS results of characteristic regions in Fig.5 (at%)

Region A B> C, D> E» F, G H, I J, K, L, M, N>
Nb 2.44 433 1475 1645 40.66 93.09 1338 7.80 31.40 9.79 30.55 4.81 3.30 0.50
Ti 1.79 3.48 6.88 8.32 5.36 2.44 8635 88.80 6.34 6.19 6.55 9274 9537 99.26
Fe 95.77 92.18 7837 75.23 5398 447 0.27 3.40 6226 84.02 6290 2.46 1.32 0.24
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Table 4 EDS results from characteristic region in Fig.6 (at%)
Region A;  Bj C; Ds Es F3 G  Hs
Nb 0.79 2.85 9.22 830 8.07 7.48 4.83 0.30
Ti 99.04 77.47 29.97 29.85 28.27 24.53 21.62 1.92
Fe 0.17 19.68 60.80 61.85 63.65 67.99 73.55 97.79
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Resistance Spot Welding Between Titanium and Mild Steel with an Insert of Nb

Qiu Ranfeng'?, Li Qingzhe', Zhao Yangyang', Shi Hongxin'*
(1. Henan University of Science and Technology, Luoyang 471023, China)

(2. Collaborative Innovation Center of Nonferrous Metals, Henan Province, Luoyang 471023, China)

Abstract: Titanium and Q235 mild steel sheets were welded by resistance spot welding with an insert of 100 pm thick niobium foil. The
interfacial microstructure characteristics were analyzed; the effects of welding current on the nugget diameter and tensile shear load of the
joint were studied. The results reveal that the niobium foil disconnects during spot welding when the welding current is greater than 8 kA;
the nugget is mainly composed of Fe-Ti intermetallic compounds in the case; and that the nugget is mainly composed of Fe-Nb compounds
and some solid solution when the niobium foil does not disconnect during spot welding. The tensile shear load of the joint increases and
then decreases with the increase of welding current. A maximum tensile shear load of 4.7 kN is obtained at a welding current of 7 kA.

Key words: titanium; niobium; mild steel; resistance spot welding
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