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Devel opment of technically and economically viabl e processesfor the conversion and utilization of fossi| fuel sisamajor objectiveof the DOE Fossil Energy
program. Many new and different processes are being investigated in areas of coal gasification, improved power generation and advanced combustion. As
these processes evolve to the pilot plant stage and beyond, materials selection and component design become increasingly important for reliable and
economical operation. The newsletter isintended to serve as a medium for exchange of information and experiences pertinent to the use of materials and
components among the communities interested in the development of fossil energy systems.

Premature Failure of T-91 Superheater Tubesin an HRSG

Heat recovery steam generators (HRSGS) are used in
cogeneration power plants to produce steam from an
exhaust gas stream, and so increase the power output and
the efficiency of the plant. Several different designs of
HRSGsarein use, (see Materials and Components | ssue
No0.157, pp. 1-3, April 2002). The HRSG in question
contained a superheater section made of T-91 stedl (9Cr-
1 Mo, wt%) and was part of acogeneration plant that was
brought onlineinthesummer of 2001. Beforestartup, the
tubes had been hydraulically tested at ambient tempera-
ture at 150% of the design pressure.

Theunit had been started threetimes, including theinitial
startup, when several of the T-91 tubesfailed, after only
20 hours of service. Five of the tubes were found to be
cracked, and two had completely ruptured. The tubes
were required to be in conformance with the relevant
specification (ASTM A213, GRT19). Apparently, the
failure of the five tubes did not occur at the same time.
Thefailuresoccurredintheimmediatevicinity of socket
welds between the tubes and stub ends attached to the
discharge header. The header and stub ends were speci-
fiedtobe 1.25 Cr-0.5 Mo (Wt% ) steel (in conformance
withASTM A213, GR11). Oneof thefiverupturedtubes
was made available for examination. Failure was found
to have taken place in what appeared to be the heat-
affected zone (HA Z) of thetube-to-stub end socket weld.
Thetubesampleincluded aslight bend closetothefailure
region. The surface of the internal diameter of the tube
bend showed ahigh degree of ovality (adifferenceof 7.6
mm between the length of the minor and major axes at a
nominal 1.D. of 51 mm). Further, a 15% loss in wall
thickness (5.21-4.42 mm) was hoted at the outer curve of
the bend (extrados). No other significant loss of metal

was observed. No apparent mechanical damage was
found on either the surfaces of the outer or inner diameters
of the tube, and no cracking was observed at locations
away from the rupture.

L ow-power optical microscopy indicated two lines of arc
strikes and weld spatter near the rupture location: one of
the lines intersected the fracture surface, while the other
ran parallel to it precisely along the edge of the fracture.
Each line consisted of a linear array of superficia arc
strikes and small globules of weld spatter. These were
confined to an areathat extended about 19 mm around the
circumference of thetube. The fracture surface revealed
an apparent brittle fracture in regions extending approxi-
mately 180 degrees of the tube circumference, and an
apparent tensile overload around the remainder of the
circumference. Therewasno evidenceof corrosiononthe
surfaces of the inner or outer diameters of the tube at the
failure location.

The composition of the tube material was found to bein
conformance with the ASTM requirements. The weld
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spatter appeared to contain approximately 12 Cr, 73 Ni,
0.6 0, and 15 Fe (wt%), corresponding to a high-alloy,
heat-resistant weld filler metal, rather than to amatching
weld filler metal for T-91 tubing. Metallographic cross
sections of the tubing revealed weld spatter beads that
were not attacked by the chemical etch used for T-91,
providing further evidence of adifferencein composition
between theweld spatter and thetubing. The microstruc-
ture of the T-91 tubing away from the weld joint was
found to be normal and acceptable, whereas that in the
HAZ showed the presence of hard transformation prod-
ucts, apparently resulting from improper weld practice,
and the presence of weld spatter. The microhardness of
theHAZ at the point of fractureinitiation wasfound to be
equivalentto 303 Brinell, with an average hardnessalong
thefracture planeof 287 Brinell. Thehardnessacrossthe
wall thickness, and adjacent to the failure averaged 219
Brinell whereas, at |ocations remote to the failure and at
the outside diameter of the tube, the hardness values
ranged from 150-170 Brinell. Themetall ographic exami-
nation alsoindicated that thefailureoccurred solely inthe
HAZ, not in the weld metal nor at the weld fusion line.
The hardness of the HAZ remote from the failure region
wasfoundtobe250 Brinegll, whichiswithinthemaximum
required by the ASTM specification.

Overall, it was concluded that the premature tube failure
was due to embrittlement of the tubing by weld spatter.
The resulting hard and brittle HAZ probably cracked
during hydrotesting at ambient temperature. The crack-
ing extended part way through the wall thickness, which
allowed the tubeto withstand internal pressurefor ashort
time. However, it was concluded that cycling of the unit
during the three startups resulted in additional crack

growth, with final rupture occurring by tensile overload.
It appeared that theweld spatter probably originated from
activity external tothewel ding of thetubetothestubends,
such that only a few tubes were affected. The high
hardness of the weld spatter indicated that it was depos-
ited after post-welding heat treatment of the superheater
coil. Factors that contributed to the early failure were
thought to be (1) the proximity of the bend to the socket
weld, (2) the large amount of ovality induced during
mending, and (3) the loss of wall thickness at the bend
extrados, which probably increased the stress magnitude
at the socket weld and tubing HAZ.

It was recommended that all accessible superheater tube
socket weldsshouldbevisually inspected for thepresence
of weld spatter in close proximity tothetubing HAZ at the
socket weld. All weld spatter detected should beremoved
by precise grinding, and additional post-welding heat
treatment should be applied to those tubes containing
weld spatter. Also, the metal under the weld spatter
should be examined carefully for the presence of cracks,
and any detected should be removed. Further, it was
recommended that ultrasonic wall thickness measure-
mentsbemadeof all accessibletubesat |ocationsbetween
the apex of the bend and the weld. Analysis of the
expected creep life of the tube can be based on the actual
wall thicknesses, and the operating temperatures and
pressures.

Abstracted from: G. P. Kallenberg, Capstone Engineer-
ing Services, Inc., “Premature Failure of a9 Cr-V-Modi-
fied Superheater Tube,” Paper No. 03491, presented at
NACE Corrosion 2003, San Diego, California, March 16-
20, 2003. Published by permission of NACE Interna-
tional.

Oxide Exfoliation from Alloy 347HFG in a
High-Temperature Steam Boiler

The thickening of thermally-grown oxide scales on the
steam-side surfaces of austenitic stainless steels em-
ployed as superheaters and re-heaters in steam power
plants, and the subsequent exfoliation of these scalesisa
well-known phenomenon. The current understanding of
the mode of exfoliation of oxide scales grown on ferritic
and austenitic alloys in steam is that there are distinct
oxidefeaturesinvolved, and that these are notably differ-
ent for the two alloy classes. Ferritic steels form scales
typified by two uniformly-thick layers, with the inner
layer consisting of afine-grained Fe-Cr spinel oxide, and
the outer layer of columnar-grained, porous magnetite—
Fe,O,—often with discontinuous patches of haematite—
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Fe,O,—on its outer surface. With time at temperature,
scale cracking leads to the formation of a new double-
layered (duplex) scale beneath the original; this process
can repeat to form multi-layered scale consisting of re-
peated duplex layers (‘laminated’ scales). Exfoliation
involvesseparation al ong theinterface betweenthe outer-
most duplex structures, resulting in the loss of relatively
large flakes that have a duplex structure. The scales
formed on austenitic steelstypically are slower-growing
and, whilethesealsoaredouble-layered, therearemarked
differencescomparedtothoseonferritic steels. Theinner
layer isaFe-Cr spinel that usually isof irregul ar thickness
and is adherent to the alloy as a result of preferential
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penetration into the aloy along grain boundaries. Ason
the ferritics, the outer layer is columnar-grained magne-
tite; on austeniticsthis devel ops porosity and, in particu-
lar, voids at itsinterface with theinner layer. Asaresult,
exfoliation from austenitics initiates at this interface, so
that the spalled scale consists amost entirely of small
flakes of single layers of magnetite.

Exfoliation of scales in boilers is undesirable since the
oxide particles can cause blockages in tube bends in
vertical superheatersand re-heaters, leading to short-term
overheatingfailures. Inaddition, if theseexfoliated scales
become entrained in the steam flow (typically during
plant start up), they can cause solid particle erosion of the
valveseatsand blades of the steam turbine. In somecases,
boiler manufactures have used ferritic steels (for their
different exfoliation characteristics compared to austen-
itic steels) inthe high-temperature steam pathsasameans
of avoiding blockage-related tube failures or |oose oxide
damage on start up. Another approach has been to shot
peen the tube wall as a means of promoting the rapid
formation of a dow growing, single-layered scale of
chromium oxide-based scale on austenitic steels. More
recently, afine-grained version of type 347 stainless steel
(type 347HFG) has been introduced with the expectation
that thefinealloy grain sizewill havethe samebeneficial
effect on promoting the formation of a more protective
oxide scale as has been found after shot peening.

Experience of oxide exfaliation at the Callide Power
Station of CS Energy, Australia

The Callide Power Station of CS Energy islocated adja-
cent to the Callide mine near Biloela (Gladstone), in
Queensdland, Austrdia. It consists of three major units:
CallideA (1965-vintage, refurbished and recommissioned
in 1998) which consists of four, 30 MWe (Mitchell
Engineering) boilers that burn black coal from the adja-
cent mine and generate steam at 510°C and 8.6 MPa.
Callide B (commissioned in 1988) consists of two 350
MWe Babcock-Hitachi subcritical boilersthat burn black
coa and generate steam at 539°C and 17.7 MPa. The
Callide Power Plant (Units C3 and C4) was commis-
sionedin 2001, and consistsof two supercritical 420 MW
units(IHI boilers, Toshibaturbines) burning black coal to
generate steam at 566°C and 25.1 MPa

CSEnergy has experienced tube blockagesat this Station
dueto magnetite exfoliation from type 321 stainless steel
vertical superheaters during boiler cool-down of the 350
MWe units of the Callide-B Plant, which has been in-
volved in campaigns of long, continuous operation. Two
bl ockages have been extensive, and exfoliation continues
to occur. This has necessitated the development of a
process to remove the loose oxide when the boiler is
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removed from service, or at ambient conditions. As a
result, two new 420 MWe supercritical boilers were
ordered with explicit requirementsthat the sections of the
superheaters and re-heatersthat required austenitic steels
would be made of materials that would not exfoliate
oxidesduring cool down. Thealloy supplied by theboiler
manufacturer to meet these requirements was type
347HFG, which was used in three superheaters and one
re-heater in each unit.

Callide Power Plant Unit C3

Each timethe C3 and C4 boilers are cooled down, arare-
earth magnet is used to make a magnetic survey in each
bend of the secondary re-heater and final superheater. At
a brief inspection outage on number C3 hoiler after
approximately 9,500 hours of operation, extensivelevels
of magnetic attraction (indicating the presence of accu-
mulationsof exfoliated magnetitescale) werefoundinthe
bends in the vertical, pendant, secondary re-heater. The
largest extent of exfoliation occurred from the re-heater,
which contains approximately 9 m of type 347HFG
tubing extending above the pendant loops. Both tubing
and loop bendsare 50.8 mm OD, with awall thickness of
4 mm; the bend radii are approximately 140 mm. During
thefirst year statutory inspection of Unit C3, some eight
weeks after theinspection outage, aninlet bend and other
tube sampleswere cut for analysisfrom the secondary re-
heater as well as from the final superheater.

After twenty-two weeks of continuous operation follow-
ing aboiler cool down, aforced outage occurred in Unit
C3. Most of the secondary RH loops exhibited some
magnetic attraction and, in fact, approximately six times
asmuch exfoliated oxide was found compared to thefirst
year's statutory inspection. Examination of the tubes
removed indicated an average operational temperature of
670°C, based on the sigmaphase present inthealloy, and
confirmed by thermal readingsfrom an adjacent | ocation.
Most of the samples from the secondary re-heater exhib-
ited exfoliation of the outer oxide layers, as is usually
found for austenitic alloys; the typical oxide flake thick-
nesswas40um. Theinner layer of scalewaslargely intact
and, where the outer layer had not spalled (on the outlet
leg samples), multi-layered oxideswere present. Figure 1
showsacross section of the oxide scale onthe steam-side
surface of atube, and Fig. 2 showscross sectionsflakes of
spalled outer layer that made up more than 95 percent of
the exfoliated scale.

Hematite (Fe,O,) was frequently found to be present
between an inner and outer magnetite (Fe,0,) layer,
which is not the structure expected from equilibrium
thermodynamic considerations. Theloose oxideremoved
from the inlet leg of the secondary re-heater consisted
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Figurel. Crosssection of the steam-side scale formed
on Alloy 347HFG after 11,340 h in Callide
Boiler C3
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Figure 2. Crosssections of exfoliated scale samples
from a SH inlet bend of Callide Boiler C3.

largely of the outer oxide layer, without indications of
multiple layers. Less than 5% of the sample consisted of
oxideflakesfromtheferritic steels(2.25Cr-1Mo) usedin
the inlet header or inlet tube legs of the secondary re-
heater. The presence of this oxide indicated that the
2.25Cr material had experienced very high temperatures.
The typical maximum use temperature of thisalloy isin
the range 580 to 600°C, and the average secondary re-
heater steam inlet manifold temperatures that were re-
corded averaged between 485 and 510°C.

The resulting data indicated that the secondary re-heater
on boiler C3 accumulated approximately twice to three
timestheamount of oxideintheinletlegscomparedtothe
outlet legs. The arrangement of the secondary re-heater
has steam flow counter to the gas stream flow, such that
the tubes exposed to the highest-temperature combustion
gasflow experienced the highest temperature steam flow.
As aresult, both the steam temperature and the flue gas
temperature are lower for theinlet legsthan for the outl et
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legs, so that the relative amounts of oxides found to be
present were counter-intuitive.

Callide Power Plant Unit C4

This boiler suffered aforced outage after approximately
11,000 hours of operation. Outlet bendsfrom the second-
ary re-heater contained large amounts of exfoliated oxide
(30to 50% cross sectional blockages), and avideo probe
imagefroman outlet tubeleg reveal ed the start of exfolia-
tion immediately above the bend-to-tube straight weld.
Subsequent examination indicated that the non-exfoli-
ated tube bend was metallurgically similar to the tube
above the weld junction. Oxide banding of the inner
layers was present on both samples. On the exfoliated
straight tube, atriplelayer of magnetite wasfound on the
front arch of thetube (gasstream-side), but not ontherear
arch of the same tube, nor on the inlet side sample.

In contrast to the exfoliation observed in Unit C3, the
amountsof oxidefoundintheinlet and outlet bendsof the
secondary re-heater in boiler C4 were approximately
equal. There-heater metal temperaturesfor both unitsare
similar. In both units, the metal temperature of the final
superheater typically ismarginally lower thanthe second-
ary re-heater. Experience of exfoliation in the superheat-
ers has been that it is only just detectable using a hand-
held magnet.

M ode of Exfoliation

More than 90% of the outer layers (both magnetite and
hematite) of the steam-side oxide exfoliated from the
secondary re-heater in boiler C3, where as ailmost all of
the inner (spinel) layer remained attached to the tube
surface. This is normal behavior for austenitic tubing
exposed to steam up to 630°C. The unusua feature
observed on type 347HFG tubing was the presence of a
middle oxide layer consisting of multiple layers (band-
ing). Thisfeaturewasfound only in areaswherethe outer
layershad not exfoliated and were still in contact withthe
tubing. This morphology was not seen in samples of
exfoliated scale collected from the blocked tube ends,
suggesting that this scale morphology was not prone to
spall. Further, the thicknesses of the hematite layers
withinthe outermost layerswere very variable, and were
strongly correlated with the presence of voidsor cracking
along the inner spinel/magnetite boundary. Compared to
the collected, exfoliated scal e, thethickest areasof hema-
tite were observed in the oxide scale that had not exfoli-
ated. Thisisanew observation, sincetheusual experience
is that increasing hematite content of the oxide layer
correlatesto anincreaseinthecompressive cooling strain
generated in the oxide, leading to earlier exfoliation.
Based on the tube operating temperatures and oxide
thicknesses, cooling strainswere estimated from correla-
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from the 347HFG tubing. As
indicated earlier, thiscollected
oxidedidnot exhibit|aminated

{| thicknesses on the

middle layers, and generally
had thinner hematite layers
than the adherent oxide. Since
theestimated averagetubetem-
peraturewasabout 670°C, itis
not unlikely that exposure to
higher temperatures was re-
sponsiblefor thedifferent mor-
phologiesexperienced. Unfor-
tunately thefine- rain structure
of the 347HFG alloy intro-
duced specifically to promote

Thered arrows (top)
show the measured
steam-side oxide

347HFG tubing.

The blue arrow (bot-
tom) shows the mea-
sured steam-side ox-
ide thickness on the
2.25Cr-1Mo tubing.
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Figure 3. Scalethickness versus cooling strainsfor
347HFG and 2.25Cr-1Mo under the
operating conditions at Callide Boiler C3.

tions published in 1978 by Armitt, et al., (EPRI Report
No. FP-686, Feb. 1978), and these predicted that spalla-
tion would have been expected from both the 2.25-1Mo
and 347HFG tubes (see Fig. 3).

In these observations, more than 95% of the collected
exfoliated oxide was characteristic of the outer oxide

slower, more protective oxide
scalegrowth, provided noben-
efit in terms of dower growth
or delayed exfoliation at tube
temperatures that approached
700°C.

Based on: A. Hughes, CSEnergy, R.B. Dooley, EPRI, and
S. Paterson, Aptech, “Oxide exfoliation of 347HFG in
high-temperature boilers,” paper presented at the 7" Inter-
national Conference and exhibition on Operating Pres-
sure Equipment, Sydney City, Australia, 2nd-4th April,
2003. Published by the Institute of Materials Engineering
Australasia, Ltd.

Fate of Trace Contaminantsfrom Biomass Fuels
In Gasification Systems

A growing interest in the use of biomass and other
renewable fuels in power generation systems is being
stimulated by the search for el ectricity generation meth-
ods that minimize environmental emissions, utilize
readily-renewable fuel sources (which may be ‘CO,-
neutral’), and which allow diversificationin power gen-
eration fuel sources. One possible approach isto modify
advanced, combined-cycle power systems originally
developed for coal firing alone to accept co-firing with
coal and biomass. It isthought that this approach could
encourage more rapid introduction of such systemsinto
commercial operation. Such systems were originally
devised to generate power from coal with much greater
efficienciesand lower environmental emissionsof SO, ,
NO,, and CO, than conventional pulverized coal-fired
power generation. Since system rdiability is a major
concern, it will be necessary to ensure that potentially
vulnerable component parts of such systems are manu-
factured from appropriate materials, and that adequate,
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reliable, and predictable component lifetimes will be
achieved with unusua fuels and fuel combinations.

While there are significant differences among the various
gasification systems that have been developed, both in
termsof theoperati on of theactual gasification processand
the requirement for different downstream components
withdistinct rangesof operativeconditions, inall casesthe
fuel gases produced need to be cooled and cleaned before
being burned in gas turbines. From the perspective of
materials performance and optimum material selection, it
iscritically important to understand the component oper-
ating conditions and the environments produced in each of
the gasification systems. For coal gasification, bulk gas
compositions have been published showing the different
ranges produced by some of the gasification systems, as
well asthevariationswith coal type. Co-firing with biom-
ass fudls introduces further significant differences, par-
ticularly in terms of the minor and trace gas species. This
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different balance of containmentsinthefuel gasproduced
can affect componentsthroughout the hot gas paths of the
gasifier and the gas turbine, as well as altering the trace
element emission levels from such systems. For all the
components exposed to the fuel gases and products of
combustion of these fuel gases, the presence of particles
may calse erosion, abrasion, or deposition, and gaseous
species (especialy H,S, SO,, HCI, alkali and other trace
metal species) may cause deposition and/or enhanced
corrosion. Theuseof such co-firingwill only proveviable
where efficient, reliable, low-emission systems can be
devel oped which requireaminimum of fuel pretreatment,
and which can use existing state-of-the-art components
such as hot gas filters, gas cleaning systems, and high-
efficiency gas turbines.

There are several possible routes for minor and trace
elements to take within a gasification system and then
through the gas turbine. These routes vary from no re-
sponse to the gasification process (so that the minor and
trace elements exit with the ash/char/slag), through to the
formation of vapor species that can pass through the
whole gas path and so be emitted from the process.
Between these two extremes, there isarange of possible
behaviors that include reactions to form particles and
vapor speciesthat can condenseonto particlesor different
components throughout the hot gas path.

Thefate of the varioustrace el ementsis element-specific
and, inaddition, can beinfluenced by boththerelativeand
absolutelevelsof other elementspresent inthefuel s(such
as sulfur and chlorine) and in any sorbents, aswell asthe
composition of the materials used for the hot gas path
components. Studiesin progressaspart of theUK Cleaner
Coal Project involve the devel opment of theoretical pre-
dictionsof trace element behavior, and comparison of the
trendsidentified with measurements made within operat-
ing plants and with known operating experience. The
ultimate goal of these programs is to enable materials
studies to be more closely focused onto using realistic
deposit compositions for corrasion testing on materials
intended for use within gasifier and gas turbine hot-gas
paths.

Initial Modeling Results

The dataused for the basis of the thermochemical model -
ing were drawn from extensive compositional informa-
tion on potential European biomass fuels, for which
analyses were available for al minor and trace metal
species. Such fuels included pine wood; wheat straw; a
range of grasses; sewage sludge and peat; and coal. The
thermodynamic study was used to determine which trace
elementsaremoreor lesslikely to enter the hot-gas paths
of gasification systems, condense onto systems compo-

Materials & Components

nents, and/or pass through into the gas turbine. The
stability of potentia product compoundsin gasifier fuel
gases, and their sensitivity to a number of important
process variables was considered. These include:

* two gasifier processes. an oxygen-blown, entrained-
flow process (Prenflo); and anair-blown, fluidized-bed
process (ABGC);

 atmospheric and pressurized operation;

* temperature ranges covering gasification and hot-gas
cleanup processes, as well as component operating
temperatures; and

» ranges of sulfur and chlorine levels that represent the
potential rangesin fuels.

Theelementsconsidered were: As, B, Ba, Be, Ca, Cd, Co,
Cu, Hg, K, Mn, Mo, Na, Pb, Sh, Se, Sn, V, and Zn.
Chromium, Ni, and Fe were not included since they are
major alloying elements and always used in components
throughout the fuel gas paths. For a power plant, it is
important to note that kinetic effects may arise dueto the
short gas residence times and/or slow reaction rates that
could limit movement towards thermodynamic equilib-
rium. Theseeffectsapply especialy tothebulk gases, and
will be less significant in the slower-moving boundary
layers adjacent to components.

Some results of this thermodynamic study are summa-
rized in Table 1. This lists the major gaseous and con-
densed phases, and thetemperaturerangesfor any gas-to-
solid transformations. Table 2 groups the elements in
termsof their volatility, that is, in order of transition from
gaseousto condensed phases. Asan example, the gas-to-
solid transformation temperature of the major species,
KCl, was found to increase from ~700 to ~900°C when
the pressurewasincreased from 1-20 atm. Further, it was

Table 1. Summary of Thermodynamic Predictions of
Behavior of Trace and Alkali Metal Species
in Gasifier Gases

I et Pela jor Banlhd S paciae Crar-f=lal Trauieon

Termp. Rarge C)

Az An An Ar_ Ao

ETRE 1] &S A A, Anhi, 314600

B EHOL BOHI,

H (+Ll3] | nk s PR ] Bl sod il — gam 4 50-E4L

{[F] Wkl BT Bally, Naf, EaiTl, SERD-- 1040 for > 1 3AT )

B Bk 0y Be B0-500

Ca - il T, Call0,

i £, Oy [ ] R34 o <4

Ca CoClL i Co, G5, K- 1140

(] CFCL OO, 10, CulE [ TR T S0

Hy Elp -

K Bl K01 | S| LIS e

Wr M), (A Wiwll, KMas 441 LIED

L [ BpCIL, i A, ML, 5 kS T | 300
Mo,

Ma ML el el LRIR s

t PE. PRl PR, PRS M, FhS S-S0 Car 24000

5 S (56

k- SaHy i==h -

5= Raf, Sl Sl SnS gl 5D o DTy

L L VT Wl -

I T Sl Tas E17 Bl T

No. 160, Fall, 2003



Table2. Summary of Predicted Volatility of Trace and
Alkali Metalsin Gasification Gases

Element
Hg, 5b, Se (As, V, B)
Cd, Pb, Sn, Zn (As, B)
Co, Cu, K, Mn, Mo, Na
As, Ba, Be
Ca(V, As, B)

found that the data for some elements could be greatly
affected by inclusion or omission of another element. For
example, Ni wasfound to significantly affect the equilib-
rium diagram for As. When Ni was absent, the As data
were comprised of gaseous species, whereas with Ni
present the major As-containing species up to 1000°C
was predicted to be solid AsNi,. Although significant
variableswerethe Sand Cl levelsinthefuel gas (present
mostly as H,S and HCl). An example of these effectsis
that increased levels of H,S can result in higher or lower
dew pointsof elementssuchasZnand Sn, or different gas
phase and/or condensed species, such asfor Ph.

' Increasing Volatility

The same methods of thermodynamic predictions can be
applied to the gasturbine, using theresults of the gasifier
fuel gas study to identify the elements that can pass
throughinto thegasturbine, aswell asrealistic rangesfor
the different contaminant levels. Figure 4 illustrates the
resultsof the prediction of the dew point temperaturesfor
K, plotted asafunction of contaminant level sfor different
SO, and HCI levels, and gas pressure. In particular, the
dew point of K,SO, increases with increasing levels of
potassium or SO, in the gas stream, as well as with
increasing gas pressure, but decreases with increasing
HCI levels.

Figure 5 summarizes the results from sampling of solid
process products recovered from gasifier product gas
streams. These data show a wide range of behavior of
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Figure 4. Dependence of K,SO, dewpoint on gas
pressure, S, Cl, and K levels
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different trace elementsin gasification systems, although
many elements show similar removal trends. For ex-
ample, in every system, Co, Cr, and Cu showed high
removal rates with solid products collected as bottom
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Figure5. Distribution of trace elementsrecovered in
bottom product/slag and first cyclonesin
five gasification systems

product/char/ashand primary cyclone(if present), whereas
Cd, Hg, Pb, Sc, and Sn showed significantly lower re-
moval rates by thisroute. These findingsarein line with
the thermodynamic predictions summarized in Table 3.
The presence of trace el ementsin heat exchange deposits
at levelsup to severa wt % hasfrequently been observed
during component examinations and assessments, but
only occasionally reported.

Some data are available for the removal of akali, trace
metals, and chlorine species in gasification systems that
incorporate hot gas filters. Since these data are not com-
prehensive, and were obtained at different filtering tem-
peratures, it is difficult to separate process differences

Table 3. Summary of Predicted Fate of Traceand
Alkali M etals Speciesin Gasification Gases
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from differences arising from the use of different filter
temperatures. Therearea so somesignificant errorsinthe
mass balance closures for some of these sampling data.
None of the datasetsinclude afactor for thelossof alkali
or trace metal sby condensati on or deposition onto hot gas
components. Thisareawould beparticularly importantin
smaller scale plants, in which such detailed measure-
ments typically are carried out. In many cases, the in-
tended route of removal of contaminants such as akali
metalsand Znisby condensation or reaction with thefine
particles present in the gas stream, followed by particle
removal the hot gas filter. However, the coldest compo-
nent in the hot gas path will be the heat exchanger that
cools the gases prior to entry into the hot gasfilter.

Filter System

Thelargeinternal surfaces of thefilter unit itself provide
another potential sink for alkali and trace metal removal,
especially if they are cooler than the gas stream. In a
pressurized, air-blown fluidized-bed gasifier pilot plant,
for instance, deposits of thelow volatility trace elements
a levels of severa wt % have been observed on the
surfaces of pipes on the clean side of the filter units,
several meters upstream of thelocation of thetrace metal
sampling system. In addition, reduction in S and Cl
speci eshasbeen noted acrosshot-gasfilter units, presum-
ably asaresult of reactionswith thefilter cakeformed on
thedirty sideof theunits. Theavailableinformation show

that lowering thefilter temperature reducesthe amount of
vapor-phase species present in the remaining fuel gas
stream, and enrichesthefilter finesintheseel ements. This
isin agreement with the trends from the thermodynamic
analysis. Unfortunately, filter operatingtemperaturescan-
not simply beloweredtothel evel sneededtoremove most
of thevapor species, asthelower limitsfor filter operation
typical are dictated by other gasification parameters. For
example, wheretar compounds areformed, these need to
be kept inthe vapor phaseto avoid blinding of thefilters.
The bulk of the available data are for alkali species,
despite the fact that elements such as Pb (which may be
present at similar or higher levelsin gasification fuel gas
streams) also are very important in determining gas tur-
bine component lives. Sampling during testing of such
filters measured levels of Cd, Pb, and Zn at significant
levelsinthe fuel gasand, in particular, it was found that
the levels of Pb, Na, and K were higher than those
currently acceptable for gas turbines.

Abstracted from: P. Kilgallon, N. J. Simms, and J. E.
Oakey, Cranfield University, “Fate of Trace Contami-
nants from Biomass Fuels in Gasification Systems,” pp.
903-922 in Materials for Advanced Power Engineering
2002, Proceedings Part 11, J. Lecomte-Beckers, M. Car-
ton, F. Schubert, and P. J. Ennis, Eds., Forschungszentrum
Julich (2002). Published by permission of
Forschungszentrum Jilich.

Feasibility Studiesfor On-Line Electrochemical
Corrosion Monitoring in Fireside Applications

The introduction of low-NO, combustion conditions in
coal-fired steam power plants has resulted in some inci-
dences of accelerated fireside corrosion of the furnace
walls, especially where separated over-fire air ports
(SOFA) areused (see, for instance, Materialsand Compo-
nents Issue 159, pp. 1-3, Aug 2002; 145, pp. 1-3, Apr
2000). While there is still some debate about the actual
mechani sm by which such corrosionoccurs, itisundoubt-
edly a function of the sulfur content of the coal. A
remedial measure commonly used to combat thisform of
corrosion isthe application of a coating of a more corro-
sion-resistant alloy by theweld overlay technique. How-
ever, since the coal burned in agiven boiler typicaly no
longer comesfrom asingle source, economic and regula-
tory considerations now are major drivers in coal pur-
chases, so that some meansof characterizing the potential
corrosivity of a coal under low-NO, firing would be
extremely useful in making decisions on coal purchases.
As aresult, there is a continuing interest in corrosion
monitoring devices that can provide reliable corrosion
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information from relatively short-term measurements.

Electrochemical corrosion monitoring deviceshave been
devel oped and arewell accepted for on-linemonitoring of
corrosioninagueous conditions. The application of these
techniques to high-temperature corrosion has been at-
tempted (see Materialsand Components I ssue 156, pp. 3-
6, Feb 2002), but has met with mixed success, partly
because of skepticism over the applicability of electro-
chemical approaches under conditions of dry, high-tem-
perature corrosion.

Laboratory Tests

Recently, systemati ctesting of suché ectrochemical probes
under conditions of controlled, high-temperature corro-
sion has been initiated to provide better definition of the
signals produced by the probe and their correlation to the
corrosive environment. Preliminary studiescarried out at
the Foster Wheeler Development Corp. facility in New-
ark, New Jersey were designed to examinethefeasibility
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of electrochemical corrosion monitoring under condi-
tionsconsidered representativeof thoseinlow-NO firing
conditions. The corrosion monitoring instruments con-
sisted of two SmartCET™ Instruments (InterCorr Inter-
national, Houston, Texas) which were used to monitor
electrochemical noise, linear polarizationresistance, har-
monic distortion analyses, and conductivity. These tests
were carried out at temperatures between 400 and 500°C
in both oxidizing and reducing gas mixtures, with and
without the presence of surface deposits rich in iron
sulfide. Originally, the depositsused consisted of 60 wt%
FeSand 40% C, but it wasfound that the C interfered with
the measurements, forming an electrical short circuit
between the electrodes. Modified mixtures consisted of
20% SiO, plus 20% Al O, substituted for the C, and ina
second test, an addition of 1% FeCO_/NaCl (25-75 mix-
ture) wasmade. Thedepositswere applied assuspensions
in a camphor/alcohol mixture to give approximately a 2
mm-thick cover over the exposed metal surfaces of the
probes. Two metal coupons were also covered with the
respective mixtures to provide visual comparisons with
the probes.

Thetest runs consisted of heating the samplesin an oven,
starting with anitrogen purge, and ramping the tempera-
ture up at 3°C per minute to 400°C, at which point the
reducing gas (7 CO, 12 CO,, 6 H,0, 0.11 H,S, balance
nitrogen, in volume %) was admitted. After two hours at
400°C, the temperature was ramped at the same rate to
450°C, whereit was held for two hours after which it was
thenrampedfurther to 500°C, heldfor two hours, and then
cooled down overnight. Electrochemical measurements
were made continuously throughout the test cycle, with
datalogged at 6-minute intervals.

A second test was run with the same probes after light
cleaning and the provision of fresh deposits. This time
under conditions using an oxidizing gas consisting of
17%CO,, 6% H,0, 0.13% SO,, 1% O,, balance nitrogen.
After ramping to400°C, theoxidizing gaswassubstituted
for the nitrogen and the system maintained at the same
temperature for approximately three hours before being
ramped at 30°C per minuteto450°C, whereitwasheldfor
11 hours. After thisit was ramped to 500°C and held for
afurther eight hours before being purged with nitrogen
and refilled with reducing gas for afurther four hours.

Resultsfor theinitial testinthereducing gasare shownin
Fig. 6. The corrosion rates indicated in the Figure were
estimated using a best guess approach for the electro-
chemical constant required in the calculations; princi-
pally, the default Stern-Geary constant was set to 30 mV,
and the number of electrons for the metallic oxidation
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Figure 6. Electr ochemical response from reducing gas
composition

process was set at two. Comparison of the electrochemi-
cally-estimated materia loss with the measured overall
mass |oss after the test indicated that the linear polariza-
tion resistance technique was over-estimating the corro-
sion rate, and that for this application the Stern-Geary
constant should be set to less than 30 mV. Nevertheless,
it wasobviousthat an electrochemical corrosion response
was initiated when the reducing gas mixture was intro-
duced at 400°C. The plateau in the corrosion rate ob-
served was due to instrument saturation, which wasrem-
edied by installing a 100 ohm resistant in series with the
test probe. On switching from the reducing gas to the
nitrogen purge before cool down, a marked reductionin
electrochemical response was observed. Figure 2 indi-
cates the effect of oxidizing and reducing conditions on
the electrochemical response. Note that the iron sulfide
used to coat the el ectrodes did not show any evidence of
conductivity during operation under nitrogen, but was

Fruier ] Coemminitey v

Figure 7. Cumulative weight loss estimated from the
electrochemical response under oxidizing
and reducing gas compaosition

quick to react to the presence of both oxidizing and
reducing gas mixtures, suggesting that the iron sulfide
was behaving as a solid-state electrolyte, or that some
decomposition products of the FeS/gas mixture were
forming a condensed, conducting, liquid phase.
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Figure 8. Configuration of an electrochemical probe
for firewall insertion

Figure 9. Configuration of an electrochemical probe
for firewall insertion

Field Trials

Similar probes were installed in the Harrison No. 2 unit
during the May 2001 outage. A total of ten probes: five of
carbon stedl, and five of atypical weld overlay material
(alloy C276) wereinstalled. Thegeneral appearanceof an
individual probeisshownin Figs. 8 and 9. These probes
were configured to fit through the webbing between the
vertical furnacewall tubes, and relied on cooling fromthe
tubesthemsel vesto maintain operating temperaturesrep-
resentative of the fireside of the tubes. Monitoring mea-
surements were made over the period June-September
2001, after whichthe probeswereremoved and examined
for the extent of corrosion attack. New probes made of
alloy C276, with pre-weighed central electrodes(tofacili-
tateweight |loss measurementsafter test) wereinstalledin

November 2001. Thetotal exposure period was approxi-
mately 10 months, during which the probes were occa-
sionally removed and examined while the boiler was
online. Corrosion signals were monitored continuously,
and the data updated every five minutes. Analysis in-
cluded linear polarization resistance, harmonic distor-
tion, electrochemical noise, and conductivity. These data
were displayed as the corrosion rate and as a cumulative
corrosion loss for each probe.

Some representative data comparing the mass due to
corrosion with that derived from the electrochemical
measurements are compared in Table 4, for several loca
tions across the boiler. Note that the eectrochemical
technique indicates the same trend as the mass change
measurements. In order to be able to derive the absolute

Table 4. Comparison of measured weight loss with
cumulative weight loss calculated from
electrochemical probe measurements

Lecation Weight Loss, mg
 Disect SmartCET
MEAS Erernent
1 Nia 5543
2 R @76
3 NiA MiA
4 MiA 16.9
5 230 6.3
& 3225 16.16
7 46,27 5837
& 2048 22446
a X163 1952
14 16.79 12.53

corrosion rate from the electrochemical technique, the
factors for tranglating the electrochemical signals obvi-
ously must be obtained, or ‘learned.’

Abstracted from: D. A. Eden, InterCorr International,
and B. Breene, Energy Systems Associates, “On-Line
Electrochemical Corrosion MonitoringinFireside Appli-
cations,” Paper No. 03361, presented NACE Corrosion
2003, San Diego, California, March 2003. Published by
permission of NACE International .

Separation of CO, from Coal-Based Power Plants

The first steps being taken toward lowering CO, emis-
sions from coal-fired power plants depend on increasing
the efficiency of the combustion processes, so reducing
theCO, produced per unit of coal burned. Thenextlogical
step would be to remove the CO, from the combustion
gas, and to dispose of it instead of sending it into the
atmosphere. Separation of the CO, from combustion
gases is amajor problem, given the very large amounts
released from central coal-fired power stations.

Materials & Components
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A number of concepts have been proposed, including
reducing the volume of flue gas produced through oxy-
gen-firing or high-pressure pulverized coal combustion
with integrated heat exchangers, the use of CO, separa-
tionmembranes, etc. All of thesearefar frombeing ready
for commercialization, so that there are only two options
that can be considered asbeing realistic for applicationin
the next one or two decades. These are:

1. Scrubbing of CO, fromthefluegasof coal-fired power
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plants using MEA amine solution;

2. Implementation of integrated gasification combined
cycles (IGCC) with integrated fuel gas de-carboniza-
tion, involving converting the CO in the syngas to
produce additional hydrogen and CO,, and removal of
the CO,.

Flue Gas Scrubbing

Inthe case of flue-gas scrubbing, the configuration of the
plant upstream of the CO, scrubber remains nominally
unaffected. As a result, this option tends to be viewed
favorably by the power industry. For a conventional
pulverized coal-fired (PC) power plant with an output of
680 MWe, operating at a state-of-art efficiency of 45%,
theamount of fluegasto bede-carbonized would beof the
order of 2 x 10° scfd, from which approximately 540 tph
of CO, would haveto beremoved. Therateof circulation
in the scrubbers of MEA required to achieve this task
would be of the order of 6-6,000 gpm, whileregeneration
of the CO,-laden MEA solution would consume more
than 1,200 metric tons per hour of low-pressure steam.
Overal, efficiency of the plant would be expected to fall
by 10-14 percentage points, resulting in an overall plant
efficiency of approximately 33%. This relative fal in
efficiency of 27% trand atesinto the need for 27% higher
coal consumption per kilowatt hour produced. The elec-
tricity output of the former 680 MWe power plant would
bereduced to 500 MWe. Theadditional plant requiredto
perform the scrubbing would consist of 6 parallel absorb-
ers, each 8 m in diameter, while regeneration would
require 12 x 6 m-diameter regeneratorsinparallel. Aque-
ous, CO,-laden MEA isan aggressivemedium, especially
in the absence of H,S. Considering the very large scrub-
bing plant required, the environmental impact, and im-
pact on health, caused MEA emitted to the atmosphere
may be a significant problem. Further, other potential
problems that are yet to be resolved are the behavior of
trace components NMEA; its expected degradation rate;
and consequent corrosion problems.

Requirementsfor the IGCC Option

IGCC is considered by the power industry to be compli-
cated and expensive technology, although similar plants
havebeenroutinely operated by thechemical industry for
decades. Asaresult, thetechnology of syngasgeneration
from coal, with downstream removal of all carbon-con-
taining species, has been well proven in chemical plants
in, for instance, the ammonia and hydrogen industries.
Potential advantagesfor thel GCCroutearethat CO, must
be removed from a comparatively small volume gas-
stream under el evated pressure, so that the effort required
is lower than that for the MEA option. Further, the
carbon-freefuel-gas produced in acoal -fired IGCC plant
will be essentially hydrogen.
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Acid Gas Removal | ssues

In the absence of concern about removing CO,, the target
of IGCC operation is to route as much as possible of the
CO, to the gas turbine by removing the H,S with a
maximum possible seal activity.

For the case where the major interest isto remove CO, as
completely and economically as possible from the flue-
gas, the requirements placed on the acid-gas removal
system are entirely different, since the gas stream to be
treated is syngas which is at a higher total pressure and
contains a higher content of CO,, hence the partial pres-
sureof CO, inthegasishigher thaninthecaseof flue-gas.
Figure 10 comparesthe CO, absorption characteristics of
different solvent types as afunction of CO, partial pres-
sure. Notethat thecurvesfor thechemical solvents(MEA
and AMDEA) are steepest at low CO, partial pressures,
and become nearly flat at the higher partial pressures.
Such AMEA solutionsare best suited for bulk removal of
CO, at partial pressures up to approximately 0.5 MPa. At
higher partial pressures of CO,, the situation is rapidly
approached where a CO, molecule will occupy every
AMINE molecule so that, as a consequence, the circula-
tion rate of the solution must be raised proportionately to
the amount of CO, to be removed.

The curves for the selective physical solvents (such as,
Selexol and Purisol, which are typically in conventional
ICC gas purification), are shown in Fig. 10 and as can be
seenthey removeonly small amountsof CO, fromthegas
while absorbing the H,S. Figure 10 aso indicates the
absorption characteristics of the Rectisol process, which
uses cold methanol, and which can be seen to achievethe
highest loadings of the CO, above a CO, partial pressure
of 0.5 MPa. At thispartia pressure, the specific loading
is approximately five times higher than for the selective
solvents, which resultsin extremely low absorbent circu-
lation rates. This absorbent appears to have the most

;
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Figure 10. Absor ption behavior of different solvent
types
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Hg Partial Pressure, mbar

desirable characteristics of the absorbent examined for
the removal of CO, from syngas.

Sor bent Regener ation

Regeneration of these sorbentstypically isaccomplished
by simple flushing or thermal regeneration, which in-
volves stripping by steam. The sorbent used in the
physical absorbent processes can be regenerated to an
extent greater than 90% by flushing, asindicated in Fig.
11. In the case of Rectisol, the very large high specific
loading of CO, that isreleased by flushing leadsto asharp
temperature drop (auto refrigeration effect) in which the
temperaturecanfall to—98°F, which enhancesthe absorp-
tion process. For AMDPA, Fig. 2 indicatesthat at afeed
gas CO, partia pressure of 1IMPa, only 61% of the CO,
can be released by flushing. This leads to the need for
thermal regeneration, or to leaves of avery high circula-
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Figure 11. Flash regeneration potential of different
solvents
tionrate, in conjunctionwithahighresidua CO, content.

For MEA, negligibleregeneration ispossible by flushing
alone.

Further advantages of the Rectisol process are that gas
desulfurization can beaccomplished simultaneously with
CO, removal, and other trace contaminantssuch asHCN,
NH,, CS,, Fe and Ni carbonyls and mercaptans also are
completely removed. Further, the extremely low process
temperatures (approximately —18°F) at thetop of the CO,
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Figure 12. Mercury vapor pressure curve
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Process Configuration

Lurgi has developed an integrated gas conditioning sys-
tem intended to take advantage of the properties of the
Rectisol physical absorbent for removing CO, and Sfrom
syngas. Theelementsof thissystem areindicatedinFig.
13, and incorporate the following main features:

» The CO-shift conversioniscarried out after S-removal
from the syngasin order to obtain high concentrations
of H,Sinthe acid gas routed to the oxy-Claus process,
aswell asto produce a pure CO, product by effective
flash regeneration. H,S and CO, removal using the
Rectisol process with an integrated shift conversionis
anindustrially-proven scheme, whichis oftenincorpo-
rated in il- and coal-based syngas plants for methanol
or ammonia syntheses.

 Depressurization from the gasification pressure to the

T
Fomesr Gam '
o ﬁ‘:

i

'

H

Canficalior

Fulphat Profit

Figure 13. Elements of the gas conditioning package

gas turbine inlet pressure is accomplished using a
turbine expander, which not only recoversenergy from
the gas, but also considerably cools the gas, so provid-
ing amajor portion of the refrigeration requirement of
the Rectisol process.

A major portion of pure CO, isrecovered at an elevated
pressureof approximately 0.4 M Pa, still minimizingthe
down-stream effort for compression and liquefaction
needed before sequestration.

» The use of oxygen technology in the S-recovery (oxy-
Claus) plant reduces the investment required in the S-
recovery unit by approximately 30 percent, and also
leadstorelatively low tail gasflow rates. Inthissystem,
the tail gas is hydrogenated and recompressed for
recyclingtotheraw syngas. Asaresult, theonly source
of gaseousemissionsfromthisplant isthefluegasfrom
thegasturbine. Suchtail gasrecompressiontechnology
has been in operation commercially for at least 2 years.

Calculations based on an IGCC plant with an electricity
output of 500 MW, the de-carbonization process is ex-
pected to result in an efficiency drop of 6-8 percent
compared to aconventional coal-based IGCC plant. The
gas flows involved indicate that the gas conditioning
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package could be asingle-train design, based on absorb-
ersthat arein commercial operation. The projected flue
gas emissions from such aplant areindicated in Tablel.
Inherent features of this processtrain are very low levels
of SO,, VOC, and mercury. The emissions of NO_are
expected to be very similar to those from a conventional
IGCC plant, since they are produced during combustion

in the gas turbine.

Abstracted from: U. Koss, and M. Meyer, Lurgi,
Oe€l.Gas.Chemie GmbH, “Zero Emissions IGCC with
Rectisol Technology,” presented at the Gasification Tech-
nologies 2002 Conference, San Francisco, October 27-
30, 2002

M eetings Calendar

October 13-15, 2003: The ASM Materials Solutions 2003
Conference and Exposition will be held at the David A.
Lawrence Convention Center, Pittsburgh, Pennsylvania
Symposiainclude: fuel cell technol ogies; advancesin pow-
der metallurgy; cemented carbides and related hard metals;
international conference on combustion turbine hot section
components; recent technical advancesintroducing castings
and cast ingots; failure analysis and prevention; protection
against high-temperatureenvironmental attack; international
conference on joining of advanced and speciality materials;
non-destructive inspection of high-,temperature alloys and
the influence of processing and structure; and processing
and fabrication of advanced materials. For information see
the conference website at http://www.asminternational .org/
material ssolutions.

October 28, 2003: The 2003 Conference on Unburned
Carbon in Utility Fly Ash will be held at the Marriott City
Center Hotel, Pittsburgh, Pennsylvania. The technical ses-
sionswill discuss case studies; control measures; predictive
performance tools, including instrumentation; processing
and utilization of high loss-on-ignition (LOI) fly ash;
beneficiation of high LOI fly ash; and characterization of
high LOI fly ash. For information, contact Karen Lockhart
at NETL Event Management, P.O. Box 10940, MS 922-
174A, Pittsburgh, PA 15236; ‘phone: 412.386.4763; fax:
412.386.6486; or e-mail: Karen.lockhart@sa.netl.doe.job.

October 29-30, 2003: The 2003 Conference on Selective
Catalytic Reduction and Non-catalytic Reduction for NO,
Control will be held at the Marriott City Center, Pittsburgh,
Pennsylvania. The technical program includes sessions on
ignition control strategies, commercial applications of se-
lectivecatalystsreduction (SCR); SCR catalyst deactiviation
and regeneration; SCR catalyst management; effects of
mercury on SCR catalysts; reagent preparation and mixing;
commercial application of selective non-catalytic reduction
(SNCR); oxidation of SO,-SO, across SNCR catalyst; non-
coal applications of NO -reduction technologies; and alter-
native NO, control technologies. For further information
contact Karen Lockhart, NETL Event Management, P.O.
Box 10940, MS 922-174A, Pittsburgh, PA 15236; ‘ phone:
412.386.4763; fax: 412.386.6486; or e-mail;
Karen.lockhart@sa.netl.doe.job.
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November 2-6, 2003: The 12" Inter national Conferenceon
Coal Sciencewill be held at the Cairns Convention Center,
Cairns, Queendand, Australia. The program will cover the
following topics: coal resources; analysis and characteriza-
tion; combustion, gasification, liquefaction, pyrolysis, and
carbonization; metallurgical application; coal cleaning; low-
rank coal; and coa products and by-products. For further
information see the conference website at http://
www.aie.org.auficcs.

November 9-12, 2003: TheMaterials Scienceand Technol -
ogy 2003 Conference, incorporating the 2003 Fall Meeting
of TheMinerals, Metals, and Materials Society, and the 45"
Iron and Steel Society Mechanical Working and Processing
Conference, will be held at the Hyatt Regency Downtown,
Chicago, Illinois. Symposiawill address: affordable metal-
matrix compositesfor high-performance applications; cast-
ing and solidification of ferrous alloys; control of melt-
related defects in high-temperature alloys; effects of pro-
cessing on material spropertiesfor nuclear wastedeposition;
frontiersof X-ray micro- and nano-beamdiffraction; Pb-free
and Pb-bearing solders; powder materials: current research
and industrial practices; processing and properties of struc-
tural materials;, processing and propertiesof structural nano-
materials; austenite formation and decomposition; process
control and optimization in the ferrous and non-ferrous
industries; processing-structure-property-performance re-
lationships; and structure-property relationships in high-
performance ferrous-based systems possessing composite-
like structures. For further information contact Diane
Scheuring, TMS, 184 Thorn Hill Road, Warrendale, PA
15086; ‘ phone: 724.776.9000, ext. 220; fax: 724.776.3770;
e-mail: mailto:dscheuring@tms.org.

November 10-12, 2003: The second international confer-
enceon Integrity of High-Temperature Weldswill beheld at
the Institue of Materias, Minerals, and Mining, London.
The eleven technical sessionswill address. damage experi-
encewithweldsat hightemperatures; development of welds
for high-temperature service; microstructures of weldments
and influence of exposure; residual stressesin welds; over-
view of the EEC project: 'WELDON;' specialized test meth-
ods; influence of corrosion and oxidation on weld perfor-
mance; numerical analysis; full-size component evaluation
programs; creep crack growth; and design methods for
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welds operating at high temperatures. For details, contact:
LisaBromley, |IOM CommunicationsLtd., 1 Carlton House
Terrace London SW1Y 5DB, England; 'phone:
011.44.207.451.7302; fax: 011.44.207.839.1702; e-mail:
lisa.bromley@iom3.org

November 15-21, 2003: The 2003 ASME International
Mechanical Engineering Congressand RD& D Expowill be
held at The Marriott Wardman Park Hotel, Washington,
D.C. The program includes sessions on advanced energy
systems; energy; fluids engineering; fuels and combustion
technology; heat transfer; materials; pressure vessels and
piping; and tribology. For details, see the conference web
site at: http://www.asme.org/congress.

November 18-19, 2003: A workshop on Environmental
Barrier Coatingsfor Microturbine and Industrial Gas Tur-
bine Ceramicswill be held at the Gaylord Opryland Resort
and Convention Center in Nashville, Tennessee. The Work-
shop is designed to bring together materials suppliers, tur-
bine manufacturers and materials researchersto discussthe
near-future use of high-temperature ceramics for various
microturbine and industria gas turbine applications. The
first morning of the meeting will feature presentations by
Saint-Gobain, Honeywell and Kennametal on the status of
ceramics development of turbine application. The remain-
der of the meeting will focus on the devel opment, character-
ization, and environmental testing of EBCs. Attendance at
this meeting will be limited to U.S. Citizens and Lawful
Permanent Residents only. Non-citizens wishing to attend
will need to contact Roxanne Raschke at (865) 574-8860 or
e-mail raschkera@ornl.gov to provide additional informa-
tion for the clearance process. Please note that clearances
can sometimestake 2 weeksto process. Firther information
isavailablefrom: Dave Stinton, ‘ phone: (865) 574-4556, or
Roxanne Raschke, ‘ phone; (865) 574-8860. The workshop
hasawebsiteat: https:.//www.ms.ornl.gov/DER/default.html.

November 19-21, 2003: An EPRI-sponsored I nter national
Conference on Materials and Corrosion Experience For
Fossil Power Plantswill be held at the Wild Dunes Resort,
Isleof Palms, South Carolina. The mgjor goal of the confer-
enceisto review, document, and transfer technology from
recent experience and developments in understanding the
mechanisms, root causes of failures, assessment methodol o-
gies, remedial actions, and application of permanent solu-
tions. Presentations will be made by U.S. and foreign utili-
ties, equipment manufacturers, and consulting/research or-
ganizations. Thetechnical programwill include sessionson:
metallurgical characterization methodol ogies; high-tempera-
ture materials; low-temperature corrosion; and high-tem-
peraturecorrosion. For details, contact: MelissaWade, Con-
ference Coordinator, EPRI, 1300 W.T. Harris Blvd., Char-
lotte, NC 28262; ‘ phone: 704.457.6176; fax: 704.547.6109;
or e-mail: melwade@epri.com.
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December 1-4, 2003: The World Conference on Corrosion
and Corrosion Maintenance Expo and Celebration of the
Ninth Corrosion AwarenessDay, Mumbai, India. See M ate-
rials & Components, No. 157 (Callsfor Papers) for details.

March 7-10, 2004: The First International Conference on
Fuel Cell Development and Deployment will be held at the
University of Connecticut, Storrs, Connecticut. Theintent of
the conference is to provide areview of the technological,
developmental, and manufacturing statusof al typesof fuel
cells worldwide. In addition, discussion of the progress of
pre-commercial installations in both stationary and mobile
markets will be facilitated. Abstracts and papers are due on
December 15, 2003. Theareasof interest includetechnol ogy
aspectsincluding materials; stack and cell issues; balance of
plant issues; catalysts; modeling, reliability and durability;
fuel cell systems, including molten carbonate fuel cells,
solid oxide fuel cells, phosphoric acid fuel cells, PEM fuel
cells, and others; demonstration activities; production and
scale-up of fuel cells; consumer and OEM issues; the fuel
cell infrastructure; and government and policy issues. All
guestions should forwarded to Laurie Enderle, School of
Engineering, 261 Glennbrook Road, Unit 2237, University
of Connecticut, Storrs, CT 06269-2237; ‘phone:
860.486.3295; fax: 860.486.2269; or e-mail:
ctfuelcell@engr.uconn.edu. The conference also has a
website at http://www.ctfuel cell.uconn.edu/scic/.

April 19-23, 2004: Thelnternational Conference on Metal-
lurgical Coatings and Thin Films again will be held at the
Town and Country Hotel, San Diego, California. Thetopics
to be considered at the conference will include: coatingsfor
useat hightemperatures; hard coatingsand vapor deposition
technologies; optica thin films; carbon and nitride materi-
als; tribology of coatingsandthinfilms; coatingandthinfilm
characterization; applications, manufacturing, and equip-
ment; new horizonsin coatings and thin films; principles of
pulsed plasmas; self organization and surface response ef-
fectsinthin film technology under operation; the atomistics
of thin film growth; computation and experimental studies;
and coatings and thin films for biomedical applications.
Each of these symposia will include both oral and poster
presentationswith upto eight parallel sessions. For informa-
tion and reservation details, see the conference website at
http://www.abs.org/conferences/icmctf/coal .

November 1-4,2004: The2004 Inter national GasResearch
Conferencewill be held at the Vancouver Conference Cen-
tre, Vancouver, British Columbia, Canada. The conference
will feature research topics of relevance to the natural gas
industry, whichwill include: gasresources, production, and
processing; transmission; distribution; residential and com-
mercia utilization; industrial utilization; general basic re-
search and new topics. For further information, contact
Christopher Esson, 1700 South Mount Prospect Road, Des
Plaines, 11 60018-1804; 'phone: 847.768.0816; fax:
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847.768.0842; e-mail: igrc2004@gastechnology.org. The
conference also has awebsite at http://www.igrc2004.org.

November 17, 2004: The U.S. Department of Energy’s
(DOE) Officeof Fossil Energy will holdit’sClean Coal and
Power Conferenceat the Ronald Reagan I nternational Trade
Center in Washington, D.C. The conference will be held in
conjunction with the 2™ Joint U.S.-People’s Republic of
China Conferenceon Clean Energy, to beheld on November

18-19. Technical sessions of the conference will overview
the clean coal power initiatives in the U.S. and People’s
Republic of China, as well as oil, gas, and clean fuel
programs; environmental technologies; and climate sci-
ence. For further information contact: Faith Cline, ‘ phone:
202.586.7920; fax: 202.586.0734; or e-mail:
mailto:faith.cline@hq.doe.gov. Details of the conference
can be found on the DOE Fossil Energy website at http://
fossil.energy.gov/news/events/cleancoal /index.html.

Callsfor Papers

April 18-22, 2004: The 29" International Technical
Conference on Coal Utilization and Fuel Systemswill be
held at the Sheraton Sand Key Hotel, Clearwater, Florida.
Abstracts for papers are to be submitted by December 1,
2003, by email to barbarasak @aol.com. Thegeneral topic
areas are as follows: environmental and health aspects;
advanced power systems and green coal technologiesfor
electric utility applications at new and existing power
plants; theutility perspective; opportunity fuels(utilization,
properties, transportation, handling, characteristics,
combustion/gasification, boiler performance, economics
and regul ations); domestic and worldwide coal resources
quality issues; transportation issues; and international
programs, featuring technical devel opmentsand programs.
Information is available from: Barbara A. Sakkestad,
Coal Technology Association, 601 Suffield Drive,
Gaithersburg, MD 20878; ‘phone: 301.294.6080; fax:
301.294.7480. The conference has a website at
www.coaltechnologies.com.
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October 26-28, 2004: The 4" EPRI/DOE |nternational
Conference on Advances in Materials Technology for
Fossil Power Plants will be held at the Hilton Ocean
Front Resort, Hilton Head Island, South Carolina.
Presentations will be made by worldwide utilities,
equipment manufactures, alloy venders, forging shops,
casting houses, universities, national labs, and consulting
and research organi zations on subjects that will include:
plant economics; new materials development concepts,
high-temperatures materials used in boilers and turbines
insteam power plants; ferritic steels, austenitic steels, and
nickel-based alloys; boiler tubes, headers, steam pipes,
water walls; turbinerotors, blades, bolts, casings, valves,
and high-temperature components. The issues to be
addressed include creep; fatigue; toughness; corrosion;
weldability; fabricability; coating and claddings;
microstructures; advancesindesign; andfield experience.
Abstracts should be submitted by March 14, 2004 to:
Melissa Wade, EPRI, 1300 W. T. Harris Boulevard,
Charlotte, NC 28262; ‘phone: 704.547.6176; fax:
704.547.6109; or e-mail: melwade@epri.com.

No. 160, Fall, 2003



A Word From Our Sponsor...

At the start of and during this fiscal year, EPRI has
suffered ashortfall inincomewhich hasledtotheneedfor
a major restructuring of the funding of its projects in
Strategic Science and Technology. As a result, EPRI
reluctantly has decided to withdraw from support of this
Newsletter. Inlight of these straitened circumstances, we
have made some changesto try to further reduce the cost
of preparing the Newsletter, and intend to continue pub-
lication at areduced rate of four issues per year instead of
the previous six.

Materials & Components

We intend to continue at present to send out hard copies
of each issue to readers on our North American mailing
list. Readers also should note that the six most recent
issues, as well as a searchable index of article titles and
authors, are posted on the ORNL Fossil Energy Program
websiteat: http://www.ornl.gov/fossil/. Insome circum-
stances, the web copies may be missing some articles
(pages may be left blank) due to a continuing copyright
issue with the publishers of some of the journals from
which our articles are abstracted. |1n such cases, we will
supply apdf fileof theunexpurgatedissueonrequest. The
only way for foreign readers to access the Newsl etter at
present is via the web edition, but we are developing a
mailing list for those who would like to receive a pdf
version on aregular basis.
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