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Abstract: Zirconium alloys are commonly used for manufacturing nuclear industry parts and have been widely studied by
scientists because of their excellent corrosion resistance. Samples with sizes of 5, 10, and 20 mm were welded via
tungsten inert gas welding, and ZrTiNb was used as the welding material. The microstructure of the weld zone is a coarse
layer bundle and a small amount of basket-weave widmanstitte structure, which is related to the cooling rate. The
microstructure of the fusion zone is composed of smaller widmanstitten grains, which have a clear boundary with the
heat-affected zone. The microstructure of the heat-affected zone consists of irregularly serrated equiaxed o phase grains.
The microstructure of the base material consists of the as-cast o equiaxed grains. As the distance from the weld zone
increases, the grain size decreases. Then, the mechanical properties were tested, and the results show that as the thickness
of the sample increased, the plastic extension strength and tensile strength first increases and then decreases, especially a
significant decrease at a thickness of 20 mm. The elongation and reduction in the area after fracture of the 10 and 20 mm
samples are similar but show an increasing trend compared to those of the 5 mm samples. This article characterizes the
microstructure and mechanical properties of ZrTiNb, providing necessary data to support its engineering applications.
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Fig.1 Shape and size of the welding groove: (a) 5 mm/10 mm welding groove; (b) 20 mm welding groove
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Fig.2 Processing dimensions of specimens with different thicknesses
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Fig.3 SEM images of the microstructure in various areas of welded joints in 5 mm sample of the ZrTiNb alloy: (a) weld zone;
(b) fusion zone; (c) heat-affected zone
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Fig.4 EBSD images of the microstructure in various areas of the welded joint in 5 mm sample of the ZrTiNb alloy: (a) weld zone;
(b) fusion zone; (c) heat-affected zone; (d) base material area
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Fig.5 Statistics of grain size in different areas of the 5 mm welded sample: (a) weld zone; (b) fusion zone; (c) heat-affected zone;
(d) base material area
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Fig.6 EBSD images of microstructure in various areas of the welded joint in 10 mm sample of ZrTiNb alloy: (a) weld zone;
(b) fusion zone; (c) heat-affected zone; (d) base material area
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Fig.7 Statistics of grain size in different areas of 10 mm welded samples: (a) weld zone; (b) fusion zone; (c) heat-affected zone;
(d) base material area
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Tab.1 Equivalent circular diameter of grains in different
regions of samples with different thicknesses

Thickness/mm WZ/pm FZ/pm HAZ/pm  BM/pm
5 319 17.7 12.0 10.6
10 20.7 235 15.4 11.1
20 24.0 19.5 15.8 114

M A A5 4 12 Sk 45 A DX 3 b 45 A% I B AR

i 1514 .6 8 AT, AN 7] 52 BE ) B i ZEEBSD H T
J WL P OO A VR AIE 25 S /0N PR DA TR 458 491 )
B HAOW 2 21 2540 M IR darf i) DL H 76 454 X 8
B TR 7 Sk TR ORLR (14 R 2 AR B G AR 4R R
Ab, ABAFELE N o F Sk TR i D A IR R R AL
21, Holt"™5 i #5 il Zr-4 i 18 | WL BAH In] okl 5% A8
() B 5 2 B, PR B0 EG 2 20 A9 A7 A AT LK) BT 1 3% [X 38k
LT B-ofe s, Horp AR 5 A BUB S S8 A U
A K B RUOLELGS H B A v H) ORI BRI, oW 25
FHE AR Fy o B AR (=1 300 °C/s) 7 MR B0 G 20 41
(10~1300 C/s) AT MR 25 R BRIK 41 41(0.5~10.0 C/s)
Pl & LenticularZ #42020(< 0.5 °C/s), IR it il A E0H

SRRV 10 “ClsZiAq o INIEI4b AT T, AH % T Kl 4a
LR IR i b o 2 A8 /N FE A AT — P B o L X
SRR R bt 5 AR P By, IR A A A B D
/N, e T A B ) RO A I TR A X S A
S XA T, a3 TR AT O ER AN K000 8 45 Rt B 1
A5 A oA A R B, B Pl A BT IX 3, i 5 P 4dx
AT AR AU AT — B b, 44
RANAK S FEZH T FMAREUN, ZRAY S S
., Eadh g AR RO EERT IX R E i S«
EAIITY A

MFRATLAE H, H ok ROF R 4% X s &
X A X B A R XA U, R, X
D] Sy it 5 P A DX B S ) 38, R A7 A A
AL VAN e T T SN 1 R e A N
AR RS B U

2 2L EBSD 43 #1153 2| 7 A [F) J& £ ZrTiNb & 4
TIGH K 2 12 3k 45430 43 1 RO0E 28 221 55 A gl b R
oF BEJE 35T T KAMER AR B] | E— 20 PR 5T H: f kL
PN IS P A 485 3 A BT 254

8 ZrTiNb £ 4> 20 mm s EE SR 3295 3k 45 XSO 40 27 EBSD KM%« (a) JR4E X (b) #5 A IX 5 (c) G X (d) BE# X
Fig.8 EBSD images of microstructure in various areas of the welded joint in 20 mm sample of ZrTiNb alloy: (a) weld zone;
(b) fusion zone; (c) heat-affected zone; (d) base material area

K19 20 mm BUFEA [F) X3 AR R SE Ge 3T 2 (a) KREE X5 (b) 16 6 X5 () A2 IR X5 (d) FEAF X
Fig.9 Statistics of grain size in different areas of 20 mm welded sample: (a) weld zone; (b) fusion zone; (c) heat-affected zone;
(d) base material area
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Tab.2 Mechanical properties of the 5, 10 and 20 mm
welded samples

Plastic extension ~ Tensile Elongation

Sample Reduction
pmber strength, strength, after fracture, of arca, Z/%
Ry /MPa R./MPa Al%

5 mm-1 312 397 19.0 43

5 mm-2 312 395 20.5 53

5 mm-3 311 394 22.0 51

10 mm-1 328 394 27.5 55

10 mm-2 328 396 25.5 61

10 mm-3 326 394 25.0 60

20 mm-1 296 367 27.0 59

20 mm-2 292 367 24.5 58

20 mm-3 296 368 24.0 58
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Fig.10 KAM images of different areas in 5, 10 and 20 mm welded samples: (a~c) 5 mm samples; (d~f) 10 mm samples;
(g~1) 20 mm samples
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B 11 FREER 2% 2 (a) 5 mm; (b) 10 mm; (c) 20 mm

Fig.11 Tensile curves of welded samples: (a) 5 mm; (b) 10 mm; (c) 20 mm
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