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Abstract: To address the severe high-temperature molten salt corrosion issue of heating surfaces in waste incineration
boilers, five corrosion-resistant Ni-Cr-Mo,-B alloys with varying Mo contents(0-7wt%) were rationally designed based
on thermodynamic calculations and successfully fabricated via spark plasma sintering (SPS)pre-sintering combined
with vacuum melting. These alloys feature a low melting point, making them well-suited for induction cladding coating
technology. The Ni-Cr-Mo,-B alloys were predominantly composed of a y-Ni matrix and M;B;-type borides. With the
increase in Mo content, the volume fraction of borides remained essentially unchanged, whereas the Mo content within
the borides increased significantly. The rod-like primary borides underwent gradual refinement, while the eutectic
borides transformed from a network-like to a blocky morphology. The microhardness of the alloys increased moderately
with the elevation of Mo content, and the 7Mo sample achieved the highest microhardness of HV 361.67, which was
primarily attributed to the enhanced microhardness of both the M;B; borides and the y-Ni matrix. The incorporation
of Mo remarkably improved the high-temperature molten salt corrosion resistance of the Ni-Cr-Mo,-B alloys. As the
Mo content increased, the corrosion resistance first increased and then decreased, with the 3Mo sample exhibiting the
optimal corrosion resistance, and its corrosion layer thickness reduced by 87.54% compared to that of the 0Mo alloy.
The addition of Mo could effectively inhibit the destruction of Cr-rich corrosion films by high-temperature molten salt,
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thereby enhancing the corrosion resistance of the alloy. However, excessive Mo addition( = 5wt.%) tended to induce cracking
of corrosion products adjacent to the borides and caused high-temperature volatilization of MoCl, corrosion products.
These phenomena resulted in cracking and spalling of the surface corrosion film, which conversely impairs the corrosion

resistance of the alloy.

Key words: Mo content; Ni-Cr-Mo,-B alloy; microstructure; hardness; high-temperature molten salt corrosion
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Tab. 1 Nominal composition design of low-melting-point

Ni-Cr-Mo,-B corrosion resistant alloys wg/%
s B Si Cr Ni Mo
0Mo 0
1Mo 1.0
3Mo 34 2.2 30.0 S 3.0
SMo 5.0
7o 7.0
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Fig. 1 The equilibrium solidification phase diagrams of Ni-Cr-Mo,-B based alloys with different Mo contents
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Fig. 2 Microscopic morphology images of the raw material powders and XRD diffraction patterns

99.9% ) . B¥y (FHKIR: 3 pm, HE: 99.9% ) .

Si¥p (EHRIR: 3 um, 4E: 99.9% ) FOMo#p (HiI
Z:5um, G 99.9%) , HPREEREBEMHEESE
MMFRENZ A TRERBREE . EREH TR
BRI SR B 5 SXRDEE . NEIF LA
=7, RERBUSSEMNFAEBRIFNIKEE,

CrREZTAFAMUEFEHIK, MBMIIMoip =
NEENARNE . REEREESEMMHERTEH
v -Ni. FeNi,. CrB. Ni,BF1Cr,,C£Hp, MCr. BFIMo
MIIREITEMER, FOUFEMIEEE. BERIF
Rt D, REREMAR, MBVREKENS L,

REVWIDHINREWR. e, BREMRETA
ERER, ESPSERENFHITIE, LIREMSIES
RIRRRT R, SPSEREEMBER T ZSHN: RERE
700 °C, BE4E[ESI30 MPa, {RIBATIE)S min, FHEERZE
50 °C - min"', SPSHUEELE ] B RUBR RN AIE 270
BEZESIRNAS AISE, BikkE05HRE R
SB4tYyy, BITESBIBHEREHZEE MR .
REIMoE ERINi-Cr-Mo,-BRAETUGRIAITE
SRNIEEIR (2G-0.58, HiBERFE ) i T M,
BIEIBE I 400 C, FiB10 minfg, BBRRINDEL
R TIRED . FEREET, NP EEHITHETSRE, F



F

Vol.75 No.7 2026

sH [y ——
{EE Founory TGRS

FIEANESEERZE10T PaLI IR, FHEERR
50 C/min, FHEGNEBAKRLIANEER, RS
AEMoE EHINI-Cr-Mo -BRMIIREEHEZHRIK, FAH
XS s ( XRF ) XIFTHI&ENiI-Cr-Mo,-BRBIA
MEEIHITADION, SERWNF2FR. SAIFEFRMo
SEFHMHIESZET.14%, MCr. FeETESEER
—i. HTXRFAEERNBITE, FABITEESERE
i, MFetRFERETNIEEBEEMES.

&2 Ni-Cr-Mo -BZH & & LML Z M5

Tab. 2 The detected chemical compositions of the

Ni-Cr-Mo,-B alloys wy/%
Ji Cr Mo Si Fe Ni
0Mo 29.28 0 2.01 2.14 At
1Mo 30.15 0.96 1.77 2.18 s
3Mo 28.98 2.87 2.00 224 NS
5Mo 29.98 4.95 1.79 2.23 AN
Mo 30.89 7.14 1.87 2.20 NS
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Fig. 3 DSC curves of the heating and cooling of the mixed salt
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Fig. 4 XRD patterns and local magnified views of the Ni-Cr-Mo,-B alloys with different Mo contents
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Fig. 5 SEM micrographs of the Ni-Cr-Mo,-B corrosion-resistant alloys with different Mo contents
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Fig. 6 High-magnification microstructure images of the Ni-Cr-Mo,-B alloys with different Mo contents and the EDS mapping results of 7Mo sample
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fi% B C o Si Fe Ni Cr Mo
1332 1.86 046 025 045 427 7939 —

—_

2 13.82 201 0.09 032 024 302 805 —

3 — 238 052 1.06 177 7795 1632 —

4 1444 211 013 0.13 0.04 248 79.07 1.60
5 1549 203 0.5 020 0.18 3.72 7625 198
6 — 280 015 281 200 7120 2051 0.53
7 10.53 2.10 032 006 051 280 7698 6.70
8 11.31 256 021 030 0.83 12.63 64.78 7.38
9 — 288 024 260 226 7156 19.48 0.98
10 1250 1.81 0.15 0.10 044 348 67.51 14.01
11 1195 254 030 004 0.61 570 6432 1454
12 — 266 0.19 3.69 2001 7280 1697 1.68
13 1406 198 0.17 005 0.60 3.13 61.51 18.50
14 1215 260 027 023 061 581 61.56 16.77
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Fig. 7 Statistical results of M;B; volume fractions in the Ni-Cr-Mo,-B corrosion-resistant alloys
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Fig. 8 Macro hardness and microhardness values of different phases in the Ni-Cr-Mo,-B corrosion-resistant alloys with different Mo contents
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Fig. 9 High-temperature molten salt corrosion kinetics curves of the Ni-Cr-Mo,-B corrosion-resistant alloys and the photos of macroscopic corrosion

morphologies
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Tab. 4 EDS elemental analyses of the Ni-Cr-Mo,-B alloy surfaces after 24 h of corrosion at.%
PR 0 Na Si S Cl K Cr Fe Ni Mo
1 30.03 0.14 2.71 0.10 — 0.84 24.62 0.30 41.26 —
2 36.86 0.14 0.83 0.09 — 0.40 53.10 0.81 7.77 —
3 21.48 39.55 0.97 — 0.02 0.20 12.68 0.58 24.28 0.24
4 37.87 0.23 1.23 0.26 0.03 0.46 50.31 0.63 8.94 0.04
5 40.76 0.78 1.95 — — 0.81 50.04 1.26 3.77 0.63
6 3.19 0.04 0.20 — 0.01 0.78 69.68 1.19 24.29 0.62
7 41.79 0.12 0.87 0.16 0.04 0.13 30.87 1.00 25.02 —
8 29.28 0.19 2.64 — — 1.08 57.34 1.71 5.12 2.64
9 37.50 0.31 1.04 — 0.06 0.18 32.37 0.68 27.21 0.65
10 48.14 0.42 0.33 0.85 0.23 1.53 21.76 0.33 12.86 13.55
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Fig. 10 Surface morphological characteristics of the Ni-Cr-Mo,-B corrosion resistant alloys with different Mo contents after 24 h of corrosion
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Fig. 11 Surface morphological characteristics of the Ni-Cr-Mo,-B corrosion resistant alloys with different Mo contents after 168 h of corrosion
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Fig. 12 Surface XRD patterns of the Ni-Cr-Mo,-B corrosion resistant
alloys with different Mo contents after 168 h of corrosion
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