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Development of Advanced High Temperature Corrosion
Resistant Alloy for Coating Applications
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In the present study, a further understanding of the behavior of boiler material exposed to the high
temperature and corrosive atmosphere containing aggressive coal contaminants has been performed.
Based on the results obtained, the development of corrosion resistant coating has been then taken into
consideration for the purpose of improving the corrosion resistance of boiler materials. In order to
accomplish the aforementioned effort, therefore, a particular focus of study was subsequently placed
on the development of high corrosion resistant alloy for coating applications. Three clusters of al-
loys as CoNiCrAlY - Si, CrSij ~ Ni and CrSi; — CoNiCrAlY with different alloy composition were
fabricated by a spark plasma sintering technique. The resistance of these alloys against aggressive
elements of coal contaminants at high temperature was studied at the same atmospheric conditions as
aformentioned. The addition of varying content of Si to CoNiCrAlY, Ni to CrSi; and CoNiCrAlY
to CrSi, alloys was performed as means to promote the formation of a protective oxide layer on the
alloy surface and to identify the materials that offer great promise as a candidate coating material for
applications in coal-fired boiler atmospheres. Here is a summary of each chapter.

In chapter 1, a brief overview of this study, research objectives and outline of the thesis were
presented.

In chapter 2, the high temperature corrosion behavior of boiler material, STBA21 steel, at 650°C
in the simulated fireside corrosion atmospheres of coal - fired boiler conditions: gas phase and lig-
uid phase of Na;SO4 and NaCl was investigated. The results demonstrated that the alloy steel has
experienced a severe corrosion attacks in both corrosive environments.The sulfides formation can be
observed frequently at the outerfinner scale interface and on the steel surface. In particular, however,
the STBA21 steel was corroded more severely in the liquid phase than that in the gas phase. This is
due to the fact that the constituents of the salts and oxygen can detach the steel grain boundaries easily,
leading to the steel grain spallations. As exposure time increases, the detached grains then tend to
become easily corroded and the salt constituents and oxygen continue to migrate inwardly, resulting in
acceleration in the consumed thickness of alloy. These results strongly suggest that the development of
a protective coating on the alloy surface has become an indispensable component for improving their
high temperature corrosion resistance.

In chapter 3, the resistance of CoNiCrAlY — Si alloys to the high temperature corrosion was studied
at 650°C in the gas phase and liquid phase of Na,SO,4 -NaCl. It was apparent that the CoNiCrAlY alloy
suffers from internal corrosion in both corrosive atmospheres. The beneficial effect of Si addition on
the corrosion resistance of CoNiCrAlY alloy depends on the alloy composition and atmospheric con-
dition. Metallographic observation suggests that CoNiCrAlY — Si alloys form mainly Al,Os; — spinel,
Al,0; or Al,O3 — SiO; scale. In the given atmospheres, the CoNiCrAlY alloy with 30 mass% Si con-
tent shows an excellent corrosion resistance due to the formation of oxide scale consisting mainly of
Al,O; and SiO,. Moreover, the formation of SiO; has also an outstanding advantage for suppression
of the growth of external scale and formation of internal corrosion products.

In chapter 4, the high temperature corrosion of CrSi; ~ Ni alloys in the atmosphere containing
Na;SO4 -NaCl at 650°C was discussed. The results revealed that the CrSi; — Ni alloys form a SiO,
scale in these atmospheres, independing on the alloy constituent and demonstrate an excellent cor-
rosion resistance at this temperature. Nevertheless, in the gas phase corrosion, a continuous SiO;
formation on the CrSi; alloy with 0 mass% Ni content leads to Si-depletion and Cr-enrichment in the
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alloy surface. The addition of Ni to the CrSi, alloy provides benefit in promoting the formation of a
denser and continuous SiO; scale on the alloy surface. However, the thickness of a SiO; scale is likely
to increase with the addition of Ni. Accordingly, the CrSi; alloy with 10 mass% Ni content seems to
be the most effective materials for application in the corrosive atmospheres containing Na,SO4 and
NaCl.

In chapter 5, the corrosion resistance of CrSi; — CoNiCrAlY alloys against aggresive elements
of coal contaminants at 650°C was investigated. The obtained results indicated that the addition of
CoNiCrAlY to the CrSi; alloy contributes in the formation of a continuous and dense oxide scale on
the alloy surface. As the result, the attack of aggressive elements of the salts doesn’ t occur the un-
derneath alloy. The establishment of an Al,O5 scale at the SiO,/alloy interface has beneficial effect
in retarding inward diffusion of oxygen and other aggressive elements, leading to suppression of the
consumed thickness of alloy in longer exposure time. Considering the alloy fabrication, microstruc-
ture and corrosion resistance, the CrSi, alloy with 20 mass% CoNiCrAlY content offers the highest
performance for high temperature corrosion applications.

Additionally, in chapter 6, to overcome an increasing demand on material for applications at higher
temperatures (> 650°C), the high temperature corrosion resistance of CoNiCrAlY - Si, CrSi; — Ni and
CrSij — CoNiCrAlY alloys was investigated at elevated temperatures of 800 and 1000°C. Similarly to
at 650°C, the results show that the main advantage of the addition of Si to CoNiCrAlY, Ni to CrSi;
and CoNiCrAlY to CrSi, alloy is determined by the alloy constituent and atmospheric condition. The
most striking results provide additional evidence that the formation of a continuous and dense SiO;

_scale and oxide scale consisting of SiO, and Al,O; offer a protective barrier against internal corrosion
in both corrosive atmospheres.

In chapter 7, turning now to the resuits, some important points were pointed out. In the case
of pure alumina-former as CoNiCrAlY alloy, first, the formation of transient alumina phases in the
initial stage of corrosion may not act as an effective barrier for the aggressive elements of the salts
and oxygen. In addition, Al-depletion beneath the oxide layer seems to accelerate the degradation of
an Al,Os scale. Accordingly, the constituents of the salts and oxygen may be more likely to diffuse
and/or penetrate inwardly to form the internal corrosion. Second, cracks in the oxide scale in the gas
phase corrosion at 1000°C that may be formed due to the volume shrinkage based on Al;O; phase
transformation: transient to a stable phase, quicken the formation of internal attacks. Meanwhile,
the addition of Si seems to enhance the formation of a protective Al,O3 scale and an oxide scale
consisting mainly of Al,O3 and SiO,. On the other hand, for a SiO, - forming material, a smaller
ion radius and interatomic spacing of oxygen compared with sulfur and chlorine appear to give a
potential beneficial effect for the formation and growth of a SiO; scale (n - type semiconductor)
in the complex atmospheres containing oxidant and aggressive coal contaminants because they allow
oxygen to inwardly - diffuse more preferentially. Hence, at the scale/substrate interface, an increase
in the activities of the salts constituents can be decelerated. However, there is a considerable problem
that at 800°C, CrSi; alloy doesn’ t form a continuous SiQ; layer on the alloy surface. Consequently,
the constituents of salts are able to attack the underneath alloy. Meanwhile, the addition of Ni to
CrSi; and CoNiCrAlY to CrSi; reinforce the formation of a protective SiO; scale and an oxide scale
consisting of SiO, and Al,03, respectively on the alloy surface. This results in providing a protective
barrier against severe internal corrosion in both corrosive atmospheres. Further promising result in
SiO;-formers showed that the oxide scale has a strong adhesion to the underneath alloys. Accordingly,
it becomes favorable for high temperature applications under cyclic conditions.

In chapter 8, the general conclusion and future direction of this study were presented. From the re-
sults, it has been recognized that CoNiCrAlY-30 mass% Si, CrSi; -10 mass% Ni and CrSi; -20 mass%
CoNiCrAlY seem to hold great promise as candidate coating material for application in corrosive at-
mospheres of coal-fired boiler conditions. In order to provide the practical applications, further study
is needed to explore which material that has a good compatibility with the boiler materials.
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Development of Advanced High Temperature Corrosion
Resistant Alloy for Coating Applications
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BfE. GIRKIRBRRA FEHEICIE STBA TR LOBEMBIL AT TWVWS, LHL, ¥
koBMBIL, CO, FFHEIRICN T 2 BEREM-TH0, 5L 2HEE - BERETOFERASRD
bNTV3, TOXSTBRRETIE, BT APBRHECIZEEREE, S5IKIEBBERDE
REBTo—TV a3 Va EHERTHRLEN—BRLI KL LHBFICTFHENS, TDKS
BRAD S, SHABEEEEE L UREBELICEBNIEMD 2W0Ea—F ¢ FHROBRDSR
HENTWVWS,

FEE. REBKUFREZEE LI-ARBEFRER R FEREICHT 3LV a—F > 5
MHEOBRICET 2HARREZ@DIZLDTHD ., TS VT A FER—R & Ul ) HEBFR
PR BN HBEERREERT A LEALMCLTV S,

FRLEI L8 ENOSBRETNTHE D, FBEOBMBRLITO®ED TH 5,

FB1EBIMRTHD . BEARANRERARS SGERECHERINTVSME, SFRofmEE
DENAE & THENERICOVTER, FRICEDVTEAMEDOSBERIC DOV TRRT VS,

E2ETE., BEMAIN TV (STBA21) D NaS0, & NaCl # 8 UBETOERERER
B (650 CTORRAABERARD L CERIBEIRHER) 21TV, BRENWIBREOEBELZHS H
KT B e Lbic, Bt DL RBRBIC OV TERL TV,

EIBETR. I—F 1 Y ITHRL UTELSHEHENTWS CoNiCrAlY §&%\—RIC Si Bk
mL-&&ZHEL. TOSRBERNE BERHIE 2B LAL) KOVWTHANLEERICOVT
BT3B, 30% D Si ZHMUIERIE ALO3/Si0, HEBREZFERE L. BB X UEYO
EREFZRICMFTEBZ LRZHASHMICLTVS, .

BAETE, ERUEREBEDE T CrSi, - Ni REEDBEBRAERBREIT-> THIEERIC
DNTHNTWVWES, BBRHABEBLUBRIBEERL LIC, 10% LUED Ni GINEE&T Sio, KA
MERT ., BOHTEhEHESEERFTEERI CLEHSHCLTVWS, -, Ni ORBERN
X 5i0, RIROBEZRET BN, BFEL Si0, RIEOERICTFS TS L2RHELTVWS, TD
Si0, BRIEFRRIC & > THRIEMB X CEEMOERERD/IHI T 5T L ZHASMC LTV S,

HSETIR, ERULRREEDL & T CrSi; — CoNiCrAlY ZEEDRIBKEEREICOVT
AR RICOVWTRRT VB, CrSi; D 20%CoNiCrAlY DEIELH CRE AL E
(Si02/ALOs) DERICHE L, MEBIUTERONAHHEZEZ IR T 2H0RPENC L EH
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EMCL TV, ¥z, EEREEEOREBBICOVTEERET>T VS,

B ETIX, FRALERA FEREOHEHAREOERLEHEL., THICHVEEH (800 CH
LT 1000 T) TD CoNiCrAlY - §i %. CrSiy— Ni%. BXU CrSiy — CoNiCrAlY REEDER
BREBICOVTRE LEBRICOVTERTVS, Si0, REB LU §i0,/AL0; REFBME
BWTht BVWREETLEN HRREREERTCLERHLTWS,

5 7ETIE, CoNiCrAlY -Si %R, CrSi—Ni%k, XU CrSiy - CoNiCrAlY R&&% ALO; K
TR, Si0y/ALO; BERTEHME. Si0, EBEBMEICEL., ZORERBEMEICONT
HEBHEF L T3, ALO; REBEEMEORS., BRVH TOER ALO; DEH L EFNER L
25w I RECXBEBERSONABRA. EHLCEREEETORILERET TO Al BERE
BOERZEEFERL LT, BILEB/ESREE X TASNTORILYPEMMOERDET D
RFVCTEERBALMILTWVS, —F. Si0, KBEEBRME TR, MEBIUTERL D LERON
BEEHSKEV S0, HEIMERENS 10, BILRB/E@RETOMBLLTEREORT Vv
WERTET D FIEPEIEMOEREMBITER T L, THICSI0, RBLEETHEOHE
EHICEBRTVBT EERALMICLTVS, E£T2. 5i0,/ALO; BB EHI LEERR T
RENEHBREEEEZTRTH. EREEERICHS ALO; HEE S OB X UMY 1 Z7IVEHET
. ALO/BERETHEL LT AZREEFH >TVAH I LEERL TV,

B BEIARYDORETHY, BNBERANRERASERERI—T 1+ VMR L
LTRELHERARtE2RTEEEMRIE. CoNiCrAlY - 30mass%Si, CrSi, — 10mass%Ni.,
CrSiy — 20mass%CoNiCrAlY G&THAT EEBERL TV S,

CRETBIC, BERZSEERDI—T « VI HEOBRBEBEC OV TRERITV, 20
BRICEDSVWTHRDOBENBGRANTREERA SERERHI—T« Y/ HBORRICEDHTE
Btz 517, £o T, BEFEQIEBERFEE L (T%) O EREEhIERH L LD LE
B35,
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