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Development of Highly Corrosion-Resistant Surface Treatment Materials
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Abstract:

The Ni-based alloy is widely used for surface protection of waste incineration boiler tubes,
but degradation due to pitting corrosion and high cost in harsh environments are issues. In this
study, special element was added to the Ni alloy, and the effect of the special element addition
amount was evaluated using an aqua regia immersion test. Adding 5 wt% or more of special
element improved corrosion resistance by 7 to 20 times. In the SEM/EDS observations of the
corroded regions after the aqua regia immersion test, dissolution of the dendrite cores was
confirmed, and the addition of special elements was found to suppress this dissolution. Based
on the CatCalc analysis, the phases formed by the addition of these special elements were
estimated. From the aqua regia immersion test results of general corrosion-resistant materials,
the relationship between alloying elements and corrosion resistance was determined, providing
indicators for alloy design.
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Table 1 Corrosion weight comparison
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Fig.1 CRE(corrosion resistance) index for predicting the
corrosion resistance of Ni-base alloys in NaCl-KCI-
Na2S504-K2504-ZnS0O4 melt under air containing
10%[H20] and 1000ppm[HCI] at 873K.
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Fig.2 Test pieces made by arc welding.
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Comparison of corrosion weight
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Fig.3 Comparison of corrosion weight
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Table 2 Change in Ni, Cr, Special element by EDS analysis
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Fig.5 Results of pitting corrosion observation.
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Table 3 CatCalc analysis

Temperature range °C (maximum generate amount mol%)

Ni-based alloy 2% 5% 10% 20%
Liquid >base(SL) >+3 >+7 >+11 »>+12
L12(y) <base(LL) <+4 <+4 <+4 <+26
a Cr <306(3.9) <380(5.7) <491(8) <586(13) <566(21)
a (Special element) -(-) -(-) -(-} 511~566(0.3) | 498—663(4.9)
Ni3M <base <+0(+0) | <+4(+1.3) <+4(+1.3) <-26(+0.3)
Ni Special element -(-) -(-) =(=} 24~478(1.7) | <498(+10)

4, FKICEBZNIEEEOBRRREE

miglic, —MRMEmEME (IN625, €22, C276.
IN718) DWW Th FKRIERE 2TV, KR TIH
MMUZERItE 2 EOTCE BB ILEDSN I

RO WTHELAERICOWTERE T 5,

RA T —EDORBEMBICIA L E S LT IN625 X
Ni R—=Z®D Cr, Mo, Nb 2&L&4T, 7 FIA4F
DEEEFFRE 725, TV RS54 FD a7 EIRRE ST
DNi BLU Cr 23T LCHEEIL., SRS IEED Mo
BXUNb 137> F 4 MEEEICHD & SRt 234
U3, FAREREBETIZ. Mo BLUNb B
BTV RIA aT7En4 g8 L Tnw5,

T — 7 VRRL 72 IN625 LS N L 72 IN625 D
2FEEOREBIZIMER L, Fe BIZZNZ N 0.37Twt%.
6.30wt% TH o775, WETLHEEMEZIABSES7:
O Fe BN% LD, Fe EDR AL B33 IBRBIED
HARTDMEA &> Tz, NiZEEEOH RM D
JEEBEREICE LTS, IN625 (Fe0.37wt%) = C22
(Fe3.8wt%) < C276 (Fe5.5wt%) < IN718 (Fe16.6wt%)
DNET Fe A% WIFETE BN E D KT B {H A
HoT7,

AR TEAMEL NI HEES, BION#HE
SIRRITRRM U@ R LR A D O E D
D Ni, Cr, Fe, Mo K UFFRILR DELAED 6 Al
KTk BREOTHIEE Figs IZnd, BT
DFER HEIREL 0.88 D IEDHIEAME A MEZR SN, 18
BEOREIZ Cr (-1). Mo (-0.23) K GE (-0.57).
Ni (0.21). Fe (2.51) TH-o7z, Cr® Mo. FifkmE
RT3 CEEROEBICIRSBHY, —7,
JEERICEEEEIEFTINRIT Fe THY, MEDE
ATbEEREMAIEREARED LN,

16



17

0800

0800 IN718 o
0700

0ac0 Development

0500 materials

0400 //

0300

e ING25 weld

Predicted value (g/cm™2)

0200

0100

0000
04 05 06 07 08

-0100 ..
Corrosion rate (g/cm"2)

Fig.8 The results of predicting the amount of corrosion using
a regression equation based on the composition of the
materials.
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