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ABSTRACT: Ni-based surfacing alloys have the reliable oxidation resistance in protecting the steel tubes of coal-fired boilers
operating in power plant. However, these conventional surfacing aloys are not hard enough to bear the wear from the sand
particles in circulating fluidized bed boiler. Therefore, the protective surfacing aloys should possess both good oxidation
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resistance and high hardness. Researchers have shown that chromium (Cr) can enhance the oxidation resistance of Ni-based
surfacing aloys while boron (B) can improve the hardness of the surfacing aloys. Thus, NiCrB surfacing alloys with different
boron contents were designed in this work for tube protection. The oxidation resistance and hardness of the surfacing alloys
were investigated.

Five NiCrB (Cr: 24.0%, B: 0~3.5% in mass) cored wires with different boron contents were produced, and then these cored
wires were used to manufacture surfacing alloys by TIG process. The high-temperature oxidation behavior of the surfacing
aloys was investigated after 200 hours of oxidation at 800 ‘C. An electronic scale with an accuracy of 0.01 mg was used to
measure the mass of the samples during the high-temperature oxidation tests. The high-temperature oxidation kinetic curves
were plotted based on the per unit area mass gain of the samples and the oxidation time. The hardness, phase compositions and
microstructures of the surfacing alloys were analyzed by Vickers hardness tester, XRD and SEM-EDS, respectively.

Compared to NiCr surfacing alloy, the hardness of NiCrB surfacing alloys was significantly increased. The rise in boron
content increased the boride content in the alloy, and thus the hardness was improved. In addition, the hardness of the aloys
before and after oxidation changed slightly. The NiCrB surfacing alloys possessed NiCr solid solution and borides, which were
was mainly CrB and CrsB;. After oxidation tests, NiCr surfacing alloys showed the best oxidation resistance due to the
formation of dense Cr,O; oxide scale. The oxidation products of NiCrB surfacing alloys were composed of Cr,03; and CrBOs.
CrBO; was the reaction product of B,Os; and Cr,Os. The results showed that the oxidation resistance of NiCrB surfacing aloys
was affected by the content of the CrBO;. When the boron content was 0.8 wt.%, the oxide scale formed was thin and adhered
well to the NiCrB surfacing aloy. Therefore, the alloys had a similar oxidation resistance to the NiCr surfacing alloy. When the
boron content was = 1.6 wt.%, the oxide scale gradually became loose and presented a multi-layer structure. With the further
increase in boron content, the oxide scale tended to peel off in the tests. CrBO; was formed in large quantities in the oxide scale,
which led to the loosening of the scale. B,O; was in liquid state at 800 ‘C when B,O; reacted with Cr,0O5; to form CrBOs,
resulting in a change in the volume of the oxide scale. As a result, the cracks and pores generated within the oxide scale, which
contributed to the formation of a multi-layer structure of oxide scale. Moreover, the discontinuous formation of Cr,O; and
CrBO; aso facilitated the loosening of the scale.

Additionally, selective oxidation of CrB and CrsB3z was happened prior to chromium, resulting in the internal oxidation of
NiCrB surfacing aloy with the boron content of 3.5 wt.%.

KEY WORDS: NiCrB aloy; cored wire; surfacing; high-temperature oxidation; CrBOs; hardness

K EHR B AR RIS K TR, K
T e e DM AP 45 7 A K B v R T RE JEEAS W
M, FRBUEEME AR B, mR . AR
WU - 5 b v A R T, S R R s e, A
ARG, AR, AN, P TERIR TR
At i E T RE G, BRI LA 4 A B
TS P AL b A I IR AR o A R AR Ak 1Y S ]
VER it — g FARIO® e S bl 45 s . 3t
SAALEREDD S B0 B 42 0T LR s H ] A o R
AW ZRE NP MPUE S, BA 45 0%
B 5] BRSPS, T DA RUE K
S et B2, TR AR Inconel 625
SRR O 0 R AR T A R N A AR AT R T
T, R ot BRI S S b A A
5i#E4E Cry0s 8% Al,Oz BEEY A= il KA, X 2 Fh 4R
B , 1R E , Re A AP 4 )8 i iE—
B NI X AR, 4 SRR IS
1) E AR o R

W (B ) &4 MR B THE A 2, Tl 2r 40

1 Zhou 250855 £ 7 B i) B 22 B2 2%0 NiCrB &
2, HARE R NICTi WRZER 1.4 65, BRI TR
FU8 i H AR, R R, s A
BRI R R v 12 | R v B A TR R R R A
Flo BN, BRI EBRIRA SRk S, s T &
4 o7 B A n T SRR, FHABUER, 4n NiCrB & 4 R H:
W35 R AE B A 4 PAA SigN I AT 1 4T R
EIA ALY B.Os 1 24Fe e RN Cr,05 S5 484k
Y, 78 480 CLL LR &EAE, ARG EWY
RS AE B I T AR B N BRI 1, BT BaL,
ST EALPERE AR AP R it A BT I, dsn Tl
(9 B[R B9 7E 850 °C 2 BR ML T 47 (i i B Ak 1P
Wang 25121145 1, NiCrB i&)27E 800 “C iyt h 3
PR L NiCr U 2 AL (A T £ 1l BE .

NICrB 4 J2 (v i S8 Ak 0 v R 68 b A7l R 5 4
L T18.26-271 {7 NiCrB Hi 452 7E 3% B8 7 T (BT 5 A
Wil o A I A IR I A 4 i IR E AL MR RE 1 52
Wi, ASCEAT T 5 AR EEN & (B 2% 0~3.5%)
Y NI JERE 2281, FIHEIUE T2 TIG )il % NiCrB



F52% $£8l

FiE, % . WSEXT NiCrB HEdE 44w iR A AL I fE AU R - 249 -

HEARE 4, X Ni B4 4 7F 800 CiiE FHEIITHN
AR

1 e

Ve 1B kA NiCr20 &4 K hl &k«
¥, AR 0.3 mm, $8 12 mm, EFEH 48K (Cr>
99.9% ). 4 J@i K (Ni>99.9% ) FIEMI &4k (B
19.0%, HAh<4.0%, Ni4yim) KRi4Eh 80~150 H .
5% NiCrB #yith 2 4 1944 Ul W3 1, 435I Lk BO,
B1. B2, B3. B4 XIHE s . Myits 22 5L -Hr
WU B4R K 2.0 mm, 3 783 32%., 3% ] Fronius
MW 4000 BUREHLTE 2685 $T 85 15 B 15CrMoV 4N AR %
MHEAT TIG HEKRE , B4 R SF 8 50 mmx50 mmx15 mm,
3 EZBEHEHEMIEE S ERTZN 45 mmx45 mmx
8mm, MR T ZS%0. HIHIEN 26~28V, TAEH
Wik 260~280 A, WA A 10 L/min, &R AR
90 SR A TERE AT FHAE S R SE A 10 mmx10 mmx
2mm, MIESEZJEH 20 mm LA 1 HERE 2 PR T4
VI s

&1 NiCrB ML iE K5
Tab.1 Nominal chemical compositions of
NiCrB cored wires

wt.%

Cr B C, Si, Mn, Fe Ni

BO 24.0 0 <0.8 Bal.
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B3 24.0 25 <0.8 Bal.
B4 24.0 35 <0.8 Bal.
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Fig.1 XRD patterns of as-welded NiCrB surfacing alloys
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Tab.2 Several properties of four borides
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of borides formation of

a 800 ‘C borides®o €
AG/KJ
CrB Cr+B=CrB 704 17.2 2100
5 1
CriB; SCr+B- CiB, -824 1.1 1900
NisB  3Ni+B=NiB 761 6.0 1156
Ni,B  2Ni+B=Ni,B 60.7 8.4 1125
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