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Abstract: Nickel-based flux-cored wire shows promising application potential in ultra-low-temperature storage tanks, petro-
chemical industries, and offshore platforms owing to its high deposition efficiency, good welding adaptability, and excellent
weldability. However, due to high technical challenges and relatively low maturity, it remains in the exploratory stage. In
this study, the influence of Cr content in the nickel-based flux-cored powder on the mechanical properties and microstructure
of the deposited metal was systematically investigated via multi-scale characterization. It was found that when the Cr con-
tent in the flux-cored powder ranged from 7.0 wt.% to 13.0 wt.%, the microstructure of the deposited metal was primarily
composed of austenitic dendrites, with ¢ phase and MC carbides precipitated in the interdendritic regions. The area fraction
of precipitates increased from 0.92% to 1.94%. In addition, a considerable number of non-metallic inclusions were observed
in the matrix. As the Cr content in the powder increased, the average Charpy impact energy at -196 °C was significantly en-
hanced, rising from 20.0 J to 48.7 J. The improvement in impact toughness at -196 °C was mainly attributed to changes in
the size and distribution of non-metallic inclusions. With increasing Cr content, the average inclusion diameter decreased
from 0.85 pum to 0.56 pm, the number fraction of large-sized inclusions decreased from 59.7% to 43.6%, and their volume
fraction decreased from 1.32% to 0.55%.Under cryogenic impact loading, large-sized inclusions, serving as potential crack
initiation sites in the deposited metal, were identified as the primary cause for the degradation of low-temperature toughness
in the weld metal.
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Table 1 Main components of flux-cored powder (wt. %)

Na,O
+K,0
HS-7Cr  31.0 7.0 7.0 30.0 5.0 2.0 50 AxhE
HS-10Cr 28.0 100 7.0 30.0 5.0 2.0 50 AxhE
HS-13Cr 250 13.0 7.0 30.0 5.0 2.0 50 A

Rl T AR i e AT 2 B e
o MR LSRR, BRI PR AR 3 ke,
PR e Rk Zead WoRs SRR, Bl HEAT 250805 2
Bl £ L K5 22 A1 e 2R 1] ERNICrMo—4 8475 , 75 %
PRSI 7E 23%+0.5% , SHFEHRHE 2 5L A4,
BRI 33 212 mm, 5 kg/BE LR 25 11 22
HR 8 245,858 H Cr & & Ay 44 HS-7Cr .HS-10Cr 1
HS-13Cr.

R COAMRPR R IEA T O AR . 1A
7 ONi A, ] 5F 400 mmx 150 mmx20 mm , K Fij 78
PG E SRR T 2 mm R ES )= . R T A S50
2R, 3 UL 2246 & 0 1 B4 TR R o il ol
7Cr.10Cr #1 13Cr.,

®2 BEIZSH

Table 2 Welding process parameters of flux-cored wire

MRS N Cr Mo TiO, SiO, ALO, HoAth

KRR JRERIE AIRTE SR TE AR
= /A % /(cm-min™") /°C
HS-7Cr 190 34 40 80
HS-10Cr 190 34 40 80
HS-13Cr 190 34 40 80
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Table 3 Chemical compositions of deposited metal (wt. %)

M C S P Mn Ni C Mo W Si O
9Ni 0.05 0.003 0.004 0.65 894 001 0 — 017 —
7Cr 0.02 0.001 0.001 032 56.05 14.02 1585 3.36 0.36 0.129
10Cr 0.02 0.001 0.003 0.33 56.03 14.77 16.18 335 0.29 0.109
13Cr 0.02 0.001 0.003 0.34 56.10 15.69 16.12 335 030 0.072
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Fig. 1 Macroscopic feature of deposited metal section(dotted box in the

figure is the area of microstructure observation and inclusion statistics)
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Fig.2 Diagram of sampling position of tensile and impact samples of

deposited metal
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Fig.3 XRD patterns and metallographic microstructure of deposited metal
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Fig. 4 Microstructure of deposited metal by SEM and Precipitated phase characteristic
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Fig.5 Morphology and EDS results of typical inclusions in deposited metal
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Fig. 6 Fracture surface morphologies of impact specimens at -196°C by SEM
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Table 5 Results of statistics of inclusions in deposited metal

s PHERdum B/ (N-mm™?)  SRPRY IR am RO RSB 8% A BRI N/ (10° m™)  IRERGMERS /%
7Cr 0.85 4485 1.33 59.7 3.37 1.32
10Cr 0.74 4342 1.16 532 3.74 0.97
13Cr 0.56 4233 0.88 43.6 4.81 0.55
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