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Development of technically and economically viable processes for the conversion and utilization of fossil fuels is a ctiapoblie DOE Fossil Energy
program. Many new and different processes are being investigated in areas of coal gasification, improved power genermdiammcaddcambustion. As|
these processes evolve to the pilot plant stage and beyond, materials selection and component design become increasitidlyr irepable and
economical operation. The newsletter is intended to serve as a medium for exchange of information and experiencestpertiserdftmaterials and
components among the communities interested in the development of fossil energy systems.

Weldability of Fe-Al-Cr Overlay Coatings

Iron aluminum-based alloys are being considered for Useto investigate the effect of Cr on the weldability of Fe-
as coatings for the protection of furnace wall tubes in Al-based weld overlays, and to determine Fe-Al-Cr
coal-fired boilers fitted with low-NCburners (especially ~ compositions that are not susceptible to cracking;
where over-fire air is supplied separately). The go@d to determine the effects of Cr on the gAfeomposi-
potential of these alloys is based on their excellent high-tional boundary, to determine if the presence gAFe
temperature corrosion resistance, especially in sulfidizing has a role in the susceptibility to hydrogen cracking;
environments, and because they are significantly lessand

expensive and do not experience the micro-segregationto evaluate the corrosion performance of weldable Fe-
found in Ni-based alloys, nor do they form a brittle Al-Cr weld overlays at long exposure times.

interface at the fusion zone as is seen with some stainless

steel weld overlays. Laboratory studies have indicatételdability Studies

that increasing the Al content of Fe-Al based alloyreliminary weld overlay coatings were deposited using a
results in an increase in the corrosion resistance in highechanical gas-tungsten arc welding system (GTAW),
temperature environments containing oxygen and sulfwith a computer-controlled table and cold wire feeders.
Apparently, a minimum Al level of approximately 109Binary Fe-Al welds were produced by depositing Al
(all compositions are given in weight percent) is requiréti100) filler metal wire onto plain carbon (A285C) steel
in binary Fe-Al alloys to achieve protective behavior isubstrates. Fe-Al-Cr weld overlay claddings were made
sulfidizing gases at 50C, and recent results have indiby simultaneously depositing two filler metal wires: Al
cated that Cr conditions up to 5% provide enhanc€édl00) and ferritic stainless steel (430) onto plain carbon-
protection in simulated low NOatmospheres. Onesteel substrates. Two filler metal wires were used to
problem with Fe-Al welds is that they are sensitive froduce Fe-Al-Cr welds in order to have independent
hydrogen-induced cracking (cold cracking) in a certagontrol over the Al and Cr contents, and to allow for
compositional range. Earlier weldability studies h

shown that the cold-cracking phenomenon is direqtly In This Issue
related tothe Al content of the weld overlay, regardles Weldability of Fe-Cr-Al lloyS.......oovrooorreroeo. pll
the welding parameters. However, welding CompOEISupercritical steam turbine iSSUES........cccccveeevviiicninnen. p. 4
tions below approximately 10% Al can be depositEdspercritical steam comes to CFBS.........vvcvvverevveenn.. .6
crack free, so that it is of interest to determine if the highcorrosion of materials in biomass-fired power plants..f 8
temperature corrosion resistance of such alloys vllthecent developmeNtS........ccvieieriienieeeeee e, p. 12
lower Al contents can be maintained by chromium adfjiMeetings calendar................cccococviviiininicininiein, . 14
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The primary objectives of the study reported here wete




systematic variation of these two primary alloying el
ments. Initially, welds were made with Al content ~

ranging from 5-15%, and Cr contents of approximately = WAl kit it

10%; the Aland Cr contents were increased until cracki |~ g | el
occurred in order to determine the maximum alloyir = - ;-

content achievable in a crack-free weld. Six binary Fe- = . - B Cmmmamme
weld overlay coatings, and one ternary Fe-Al-Cr we ., . }_' - reempe ] o
overlay were deposited using the parameters showr - T - ‘m

Table 1; also shown in the table are the chemical com ™ = v Hal

sitions of the alloys deposited, as well as the obsen & ol L |

number of cracks. - W TR MmN T om =

Ermpy g e

Table 1. Welding Parameters Figure 1. Cracking susceptibility /weldability diagram
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Figure 2. Optical micrograph of a cross section of a
Fe-Cr-Al weld overlay deposit (Weld G)

Once welds were deposited, they were cooled for 24 hours

and were then inspected for cracking by optical micros-

copy and die-penetrant techniques, and a list was mad&gf composition is homogeneous and that there are no

compositions that cracked, or did not. CompositiofdiXing issues during welding.

along the crack-no crack boundary were then selected for

analysis by transmission electron microscopy (TEM) t&®ng-Term Corrosion Testing

determine if the ordered intermetallic /At was present Fe-Al-Cralloys with compositions similar to those of the

in welds that experienced cracking. Samples for TEM@ack-free weld overlay deposits were cast for use in

were removed from welds adjacent to cracks, and from iférosion tests. Samples were exposed to an oxidizing

weld matrix using a focused ion beam (FIB) device. environment, and to a mixed oxidizing-sulfidizing envi-
ronment at 500C for incremental times up to 2000 hours.

The cracking behavior of the preliminary Fe-Al welds arfehe compositions of the two corrosive gas environments

compared in Fig. 1 to earlier results in terms of energ{e indicated in Table 2. Specimen performance in the

input and rate of filler metal feed parameters. This figuiests was accessed from total mass change over the

shows that even at higher energy input values and filfgfPosure times, and from scale morphology observations

metal feed rates, the cracking behavior of the binary f§ing scanning electron microscopy and energy disper-

Al weld overlays is a function only of weld compositionSive spectroscopy (SEM-EDS).

These results on binary Fe-Al weld overlay claddings

confirmed earlier findings, and showed that the previoli§e compositions of the tested alloys were Fe-10Al, Fe-

results are reproducible and that the binary compositioAQAl-2Cr, and Fe-10AI-5Cr, selected on the basis of

welding boundary is at approximately 10 wt % Al.  €arlier results of 100 exposures. Figure 3 shows the
Table 2. Compositions of the Corrosive Gases (vol%)

The ternary Fe-Al-Cr weld overlay deposit (weld G) was

Cias Orxidizing Chiclizing-

deposited crack-free and had Aland Cr contents of 8.9 and Component sulfidizing
7.2 %, respectively. The fusion zone of the weld consisted O, Z

of a columnar grain structure, and appeared to be continu- E::':,'_ 15 15”

ous throughout the fusion zone, as shown in Fig. 2. There H, _

was no distinct boundary in the fusion zone, suggesting b “ o1
good mixing between the two filler metal wires in the S0, oz

weld pool during deposition. Nevertheless, this must be — “*u "';' F‘w'
confirmed by electron microprobe analysis to ensure that ,‘ui ‘;,5* 35 P
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i sample exhibited a thick, block-like corrosion scale that

::: cracked and easily spalled; this scale completely covered

= the sample, and was identified as iron sulfides (Fig. 6).
The corrosion results for the Fe-10AI-5Cr also were

= promising, but longer exposure times are required to fully
characterize the long-term corrosion behavior of these

= alloys.

L=
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Figure 3. Corosion results after 500h at 50T in an
oxidizing environment

Figure 4. Surface morphologies of corrosion scales ~ Figure 6. Surface morphologies of iron sulfide scales
formed on Fe-10Al after 500h at 508C in formed on Fe-10Al after 500h at 508C in
an oxidizing environment an oxidizing-sulfidizing environment

marked reduction in mass gain during the 100 and 500

hour exposures to the oxidizing gas, due to Cr additiond¥xt Steps

the Fe-10Al base. The scale morphology on the Fe-1dAfture work will include depositing Fe-Al-Cr weld
alloy indicated two types of scales: sphere-like nodul@¥erlays over a wider range of Al (5-15%), and Cr (0-
that formed on areas of bare metal, and plate-like schf¥) compositions, andthe compositional welding bound-

that grew out of the sphere-like nodules, Fig. 4. Both tA&/ Will be established. TEM analysis will be performed
on compositions on either side of this boundary to deter-

- mine the composition range which results in the presence
o . . . . .

o == Of the intermetallic phase FAd which is known to influ-

a ence the weld susceptibility to hydrogen cracking. Long-

term corrosion testing of selected crack-free welds with
the highest alloying contents will be exposed in the
oxidizing and mixed oxidizing-sulfidizing environments
for up to 2000 hours. It is expected that the results will
identify ternary Fe-Al-Cr weld overlay coating composi-
tions that are immune to hydrogen cracking, and are
corrosion resistant for long times.

41

1

[ [E g
[ Abstracted from: J. L. Regina, J. N. DuPont, and A. R.
Marder, Lehigh University “Weldability of Fe-Al-Cr
Figure 5. Corosion results after 500h at 5 in an Ovel’lay Coatings for Corrosion Protection in OXIdIZIng/
oxidizing-sulfidizing environment SUlfIdIZIng Environments,” ReportORNL/Sub/95/SU604/

, . 03, March 2003.
scales were iron oxide compounds.

Similar large reductions in mass gain with added Cr were
observed in the mixed oxidizing-sulfidizing environment
after 100 and 500 hours, Fig. 5 (note that the mass gain
axis is much larger than that in Fig. 3). The Fe-10Al
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Supercritical Steam Turbine Issues

Power generation based on supercritical (SC) steam tetdible 4. Supercritical Steam Turbine Market, by

nology was pioneered in the USA in the late 1950'’s, Supplier

followed by Russian plants in the early 1960’s. The T Toml Comadatie Tastalled in bast 10 year
commercial plantin the USA, Philo 6, was commissi Total cogecity  Wo, Umits | Tod capaoty W, Uit
in 1957 by the Ohio Power Company and operated '5"*; | '-;:"IE "
1979; it had steam design parameters of 31 MPa, 61! gmens R P 86 T
538C and as rated at 120 MWe. The first SC stean LMW 41.3 85 8.6 15
in Russia was built at Kashira in 1966, and had < L‘I":I';: ﬁf‘, E ;; ,;';
conditions of 30.6 MPa, 650/585. Currently, therea i 115 15 E: 17
557 operating SC steam power units worldwide, w ~ ©thers a8 n 4.0 il

Tedal Mk ol .2 bl

total installed capacity of 303.2 GW. These are liste
country in Table 1. In the last decade, the traditioriadr, etc), which translates to reduced fuel costs and lower
leaders of the field, USA and Russia, have left the fielD, emissions per unit of coal burned. In addition, SC

almost entirely; the new leaders are Japan, South Kosteam units have improved part-load efficiencies, and

China, and Germany. allow faster load changes with higher ramp rates: while
drum boilers can change load at a maximum rate of about
Table 3. Supercritical Steam Turbine Market, by 3 percent per minute, once-through SC steam boilers can
Country step up load by 5 percent per minute. These advantages
come at a cost:
Comatry T'otal Cumaloiive Iresalled im last 10 years
Tl ey Mo Uk Tealassdly He i the need for much greater control of the water chemis-
LI%A 106 154 o 0 try;
P o e o v « the need for fast-response and adaptive tuning of con-
Giermany 148 3 57 12 trol systems; and
- ha - i p « an increased capital cost (of around 5 percent).
Oithers 1T.6 ET &3 17
Todal .2 257 8.2 a8 In order to sustain flexibility of operation, the steam

turbine must have the same capabilities as the rest of the
The major equipment suppliers of supercritical stedpailer system. The biggest differences in the steam tur-

power plants are: bines for SC steam operation compared to sub-critical
steam plants, follow simply from the higher steam param-
* GE Power Systems; eters in SC steam plants. Hence, one of the major issues

« Siemens Power Generation (including the former Stoncerns the materials to be used for the high-pressure
emens KWU/Westinghouse, later Siemen$HP) turbine. Wall thickness needs special attention:

Westinghouse Power Corporation); thick-section components are undesirable from the stand-
* Leningrad Metal Works (LMW); points of fabricability/weldability, and susceptibility to
» Toshiba Corporation; thermal fatigue, and must be avoided without compromis-
« Alston (including former ABB and GEC-Alstom), andng material strength. The material used for the HP turbine
 Mitsubishi Heavy Industries (MHI). section should not only allow wall thicknesses to be as

thin as possible, but should also show good resistance to
The total cumulative number and total capacities @kidation by the steam to avoid the formation of excessive
supercritical steam turbine installations supplied by thesxidation products, the exfoliation of which can lead to
major manufacturers are shown in Table 2. tube blocking and turbine erosion.

Subcritical to Supercritical Issues For the intermediate-pressure (IP) section, there are rela-
A maijor differentiation between sub-critical and SC stedinely few differences between sub- and supercritical
units is that, in the former, steam and water are separai@@m units, and where the reheat temperature €540

in a drum, and the water is then recirculated through ipwer, these differences would be minor. Since the tem-
furnace walls, whereas the latter use once-through fligerature of the steam to be handled is the same, the low-
flow. Supercritical technology promises higher efficienggressure (LP) turbine section is usually the same as those
compared to sub-critical steam conditions (less than 20Bubcritical plants. However, double reheat between the
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HP and IP sections sometimes is necessary to aviaiglto all stages. The merit of the 3-D variable design is that
excessive water condensation on the blades of the firieddlows the reaction of each stage to be seton an individual
stage rotor, which can lead to excessive erosion. Nevmisis, so combining the effects of both multistage reaction
theless, most LP turbines may be used with advandgading and low reaction impulse blading. One of the latest
steam conditions, and do not require the use of materetamples of Seimens’ supercritical steam turbine technol-

specifically developed for higher temperatures. ogy is in the 900 MW, 5 cylinder HMN model, installed at
Boxburg in Germany. The internal turbine efficiency dem-
Features of Modern Steam Turbines onstrated for this machine was 94.2% for the HP section,

The internal design of steam turbines has undergonana 96.1% for the IP section; the overall plant efficiency is
long, evolutionary development process. Advances48%. This latest generation of supercritical steam turbines
computational fluid dynamics, especially the ability ts based on martensitic steels developed some 10-20 years
make three-dimensional calculations, have resultedaigo, and the rotor forgings are based on 9-12% CrMoVNbN
the development and use of optimally-twisted turbirseels which may contain up to 1.5% Mo.

blade designs for higher efficiency. Another feature,

found in GE steam turbines, is the use of an increagam steam temperatures >70Q0 Ni-base alloys will be
number of stages (stage count) set in the same rotor spagpjired in critical steam turbine components. Currently,
which GE calls ‘Dense Pack Steam Turbine Techn®iP turbine inlet conditions are limited by materials capa-
ogy.’ This approach also features the incorporation loifities to approximately 30 MPa, 600/6Z%) correspond-
reduced exit angles, longer blades and increased anniriggo a plant efficiency of 47% based on bituminous coal,
area, decreased nozzle solidity, twisted blade airfoils foxd a moderate climate.

all stages, and improved tip sealing. For a typical 60 Hz

steam turbine HP stage, these improvements can resuftased on: P. Lubyingchem, Bratislava“Supercritical

an increase in steam path efficiency of 3 percentaggstems,” Modern Power Systems, Vol. 23(8), 27-32,
points. One of the most important features of the Densegust 2003. Published by permission of Wilmington
Pack conceptis the use of increased stage reaction leblishing Ltd.

Turbines typically are designed to develop specific pres-

sure drops across each stage. In ‘impulse’ designs nteditor’'s Note: In August 2003 at a ceremony in Colum-
of the pressure drop occurs across the vanes, whicis. Ohio, ASME International designated the Philo Unit
accelerate and turn the gas flow to produce jets tBaas an ASME Historic Mechanical Engineering Land-
impinge on the rotating blades; in an impulse desigmark, in recognition of the pioneering concepts that it
(‘=0% reaction’) there is little pressure drop across theroduced, and for the role it played as a prototype for
rotating blades, which simple deflect the steam flomany large, efficient power plants throughout the world.
without accelerating it further. However, in a ‘reactioriThe steam turbine rotors from Philo 6 are now part of a
design the moving blade also extracts work from the gasulpture located in front of American Electric Power’s
steam; in a symmetrical reaction stage design, eghahdquarters building in Columbus, Ohio.

pressure drops occur across the vanes and the rotating

blades (‘50% reaction’), and the blades and vanes can use

the same profile. In practice, the blade is shaped so that

the percentage of reaction at the blade tip and root are

different, in order to prevent centrifuging of the steam

flow to the blade tips. The first of the state-of-the-art

Dense Pack designs to be installed in a new plant will be

in the Tangjin power plant in South Korea, which is due

to be commissioned in 2005. This plant will have steam

conditions of 24.4 MPa, 566/5%93, with an output of 2

x 520 MWe, and an efficiency of 43.5%.

The Seimens concept of 3-D blade design with variable

reaction is based on the idea of being able to select the
level of stage reaction. The shape of conventional blades
and vanes originally was based on either an impulse or
reaction design, with the same degree of reaction apply-
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Supercritical Steam Comes to CFBs

The first commercial, circulating, fluidized-bed (CFByorrosion considerations are less severe than for super-
steam-generating boiler built by Foster Wheeler Energiiaaters in pulverized coal fired-systems. A schematic
was a 5 MW wood residue and peat-fired boiler supplidéhgram showing the cross section of an INTREX unit is
to Suomen Kuitulevy, Pihlava, Finland in 1979, and waftown in Fig. 8.

soon followed by a 20 MW plant at Kauttua, Finland
Both units were designed for combined heat and pov
(CHP) production. In subsequent years, the user bas
CFBs has expanded to include a significant number
boilers in the United States, built in the 1980s and 19¢
and fired on coal and waste coal. The size of CFB-ba:
plants has increased with time, as illustrated in Fig
attaining the lower end of the size range of interest
electric utilities in recent years.
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Figure 7. Scale-up history of Foster Wheeler CFB

boilers — Alr plen ms

The scale-up of CFB boilers has been based on advances

in understanding of the underlying technology that haggyre 8. Schematic diagram of an integrated,

resulted from measurements from existing units, as wel recirculating heat exchanger (figure

as laboratory tests and related theoretical studies. The published by permission of Foster Wheeler

first CFBs (first-generation design) used a membrane- Power Group Inc.)

wall construction for the furnace enclosure, which acted _ _ _ _

as the main evaporative surface, with a refractory linEiSt-generation technology reached its peak size with 2 x

cyclone to return the solids to the lower furnace regios0 MW(e) coal- or petroleum coke- (or any combina-

Foster Wheeler’s second-generation design uses an ifgD)-fired boilers at the Jackson Energy Authority’s

grated separator within an evaporative or steam-coold@rth Side Plant in Florida. The largest second-genera-

membrane enclosure, so eliminating the need for a ség% CFB in operation is the Turow Unit 5 in Bogatynia,

rate heavy, thick refractory structure. In addition, the fin pland. This is fired on brown coal with a moisture

superheater and/or reheater is contained in an integr&@gtent of the order of 50%, so that the furnace is as large

recycle heat exchanger (INTREX). This consists of 0A8 those of the Jacksonville units to cope with the larger

or more tube bundles in a bubbling bed situated so thdtYg¢ gas volume.

further cools the solids collected by the separator before _ .

they are returned to the furnace. In addition, solids froth€ largest CFB units built so far have used natural

the furnace can internally circulate through the INTRE§rculation boilers and subcritical steam parameters: the

tube bundles to ensure a sufficient supply of hot solids/atrow unit5 and two otheridentical units under construc-

all loads. By controlling the flow rate of solids thougHON employ natural circulation and state—of—the—art_steam

these tube bundles, the heat absorption can be varieB@@meters of 568/568 and 171/40 bar. There is no

provide a degree of operating flexibility. Also, since tH&ason why a CFB boiler should not be designed for

INTREX is fluidized by clean air, high-temperaturéUperC“t'Cal parameters and, in fact, the lower heat fluxes
in the furnace compared to pulverized coal-fired technol-
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ogy is an attractive feature. The high heat transfamce-through boiler designs.
coefficient of an INTREX integrated heat exchanger used
as the final superheater/reheater results in a consider&blerall, the design follows the same principles as in
reduction in size compared to conventional superheateaslier Foster Wheeler designs for large scale CFBs, with
and reheaters. the furnace acting as the evaporator. The superheaters and
reheaters are located in the back pass, while the final
The major factor that has limited increasing steam tesuperheater and reheater are INTREX units. The scale-up
peratures in such units has been the steam turbine chaeguired from the Turow 5 unit was not significant,
teristics, since steam turbines for supercritical steguarticularly in terms of the depth of the furnace where the
parameters in the less than 300 MW(e) size range hin@ease will be negligible, while the height of the boiler
generally not been available. This barrier has now beeill be some 10% greater than Turow and the width
removed, and Foster Wheeler Energia is contractedstonewhat more. More fuel feeders and air registers have
design and build a 460 MW(e) supercritical CFB unit fdreen incorporated to account for this increase. Siemens’
Poludniowy Koncern Energetyczny SA (PKE) at Lagiszxtensive experience with Benson Technology will sig-
in southern Poland. This unitwill likely receive coal fromificantly contribute to issues related to controls and
ten different coal mines, and will also have an option $tartup and has led, for instance, to the use of advanced
burn coal slurry; Table 5 indicates the range of coabntrols to ensure that feeder trips will not cause any
compositions. There is good experience of co-combusignificant imbalances on the water side.
ing coal slurry with coal in two CFBs that have been in
operation in Poland since 1999. In designing the plant, a fuel chlorine content somewhat
higher than that usual in bituminous coal was assumed,

Table 5. Coal Characteristics . ;
and lower steam values were selected to avoid any possi-

Cousiry Total Cumplative [nsizlled in last 10 pears

Tomal capacity Mo Umits Toul capacity  Mo. Linits bility of superheater corrosion, which certainly would
Gie GWe have been anissue in a conventional pulverized coal-fired
LS 1L Ti] 136 L] 1
Japen €82 108 209 26 o
Russia a2 12 27 4 Table 6. Steam Characteristics
Cermany 4.8 K} BT |2
Kores 135 4 125 24 OEM Taomal Cumukative Insradled bn kst 190 years
China 13.3 FrL] s 15 Total capacity M. Units Total capacity Mo, Unil=
Lxaers ErE ] BT B35 17 O0We OWe
Total Haz 557 2 a8 gE T4 111 14| il
LAT- T 118 4 o Ri& 11

I he Lagisza CHB will employ state-ot-the-art technolor Lyw 413 83 Hia 13

. . = [ = 3
for once-through boiler design, based on the Ben: i7" e b i .
vertical technology developed by Siemens and licen: i 215 14 113 I7

. T

by Foster Wheeler. One structural advantage is the Toor s e b o

that the vertical tubes of the furnace enclosure are
supporting, and so do not require support straps to coplant. The steam parameters of the Lagisza CFB are
teract thermal growth, as are required in spiral-woustiown in Table 6. The total efficiency is expected to be
once-through boilers. In this system, a single up-flowexcess of 43%, and the gaseous emissions will meet the
evaporative pass is used, in which the low mass flow régguirements of the new European Union Large Combus-
results in low steam and water pressure losses, as wellasPlant directive. Mechanical erection of the new plant
in low auxiliary power consumption. As a result, a maisscheduled for completion in February 2006, with com-
flux of 600 kg/nis or lower can be obtained, compareghercial operation at the end of September 2006.

with more than 1100 kgfta in conventional designs.

Further, at low mass flow rates, the tubes subjected to&fstracted from: “Taking CFB Supercritical,” Modern
greatest heat flux receive the highest flow rate becaus®ofver Systems, pp. 37-39, April 2003. Published by
natural circulation flow characteristics. Since a singlpermission of Wilmington Publishing.

flow evaporative pass is used, full variable pressure over

the operating load range can be used to more effectively

match steam and turbine blade temperature for cyclic

operation. As mentioned earlier, the uniformity of firing

due to the circulating bed results in a relatively uniform

temperature distribution in the furnace in both horizontal

and vertical directions, which is also advantageous for
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Corrosion of Materials in Biomass Fired Power Plants

In Scandinavia, there have been serious efforts to reduegposure of metal rings on air/water-cooled probes;
CO, emissions by using C@eutral fuels that do note exposure of test tubes in a test superheater; and
contribute to the greenhouse effect. The Danish goverexposure of test tubes in existing superheaters.

ment has pledged to reduce (&hissions to 80% of the

1988 levels by the year 2005. So far, Denmark h@saw Firing

concentrated its efforts on straw, and there are currerilgure 1 is a schematic drawing of the corrosion morphol-
seven straw-fired combined heat and power (CHP) plaoty/ typically found on type 347H stainless steel (Fe-
in operation, and one wood chip-fired boiler. A plant cd-LNi-19Cr-Mn,Nb, in weight percent) exposed in straw-
fired by straw and coal recently has commenced opslieed plants. Selective removal of Cr (where the metal
tion.

Muierial ko
Straw and wood chips typically contain lower levels of I
and ash than does coal, but the content of chlorine | g sesi #ikess
alkali metals, especially K, can be significantly highe
than found in coal. The potential for producing alka
chlorides in the flue gas gives rise to concerns ab
significant fireside corrosion problems that are differepfy, re 9. schematic representation of corrosion
from those for which experience is available from coal-
fired boilers. Thus, combustion of straw releasege8@
KClinto the flue gas and, where the gas contacts surfagesomes porous) is observed, as well as grain boundary
that are below the dew point of the condensable coattack, such that the sum of internal corrosion attack can
pounds formed, deposition can result. The compoundsefgreater than 0.5 mm. For austenitic steels, grain bound-
most interest from the viewpoint of the potential fadry corrosion is a precursor to corrosion within the grains.
corrosion problems of superheater components are K@ corrosion products formed are Cr oxides and Fe
and KSO,. Over the past decade, many field investigaxides; typically, these are present at the surface of the
tions have been undertaken in Denmark of corrosigpecimen. In many cases Ni also is present in the outer
resulting from straw combustion, and this paper higberrosion product as non-reacted metal. If Cl is detected
lights the significant results and compares likely corrin the corrosion morphologies, it is located close to or at
sion mechanisms and rates from straw-, wood chip-, ahé corrosion front. Chlorine present at the corrosion front
co-firing with straw and coal. The results draw on fiel@gacts to form Cr chloride, and the surface grains become
tests in various plants as well as laboratory investigatiotepleted in Cr. However, adjacent, unaffected grains have
A summary of the data from the plants, and the typestefen found to contain both Cr and O, showing that the
investigations conducted, is given in Table 1. The fopartial pressure of oxygen is high enough to convert Cr
plants from which results are included are Ensted; Mariblloride to Cr oxide. Typically no K is detected in this
Sakskgbing; Masnedg; and Rudkgbing. Three typesagéa. Even at metal temperatures lower thariG0GI-
corrosion investigation were undertaken: containing corrosion products still are found at the corro-
sion front. The corrosion product morphology on austen-

itic alloys gradually changes

morphology in straw-fired plants

Table 7. Summary of In-Situ Investigations

Plamt | P | | B rocy | Sty | Investigations with temperature: at metal sur-
Ml msneda’ Firaw i3 L fel k] [T ] I- Doposit studies probe and matered diposita face temperatures belOW 5(01)
* Aerec] mEmmEment ) a protective oxide is formed
= Comosion studies: probes; best fobes in eaisting SH
andl i st SH (w6007 C) . | whereas, at around 500-521)
Hudkpbl.ng' straw 17 450 &l ® r?l.:p,::il alualics: |:.r|:h: aiel mistured depugils gl‘ain boundary attaCk as We” as
| = Coomosion siudies: mobes ) X X )
Maribo wraw 5] 540 3 |* Manecdepositstudies protective oxide formation can
;akslglbina' . | - - * ;:”“_'““:'E'"“'" "'I"ﬂ':’“" ’“';';"55"_ | occur, as illustrated in Fig. 4 for
nsie saw ' o I o |.l|:u| el iesl e and LRI o EIRILE .
Enaid™ T wood | 163 T a0 | 201 |* Acmsol messuramens alloy Esshete 1250 (Fe-9.5Ni-
Chl?ﬁ 440 ¥ Cornesion gludees; peobe, Lo pibes in eilaing SH 15Cr_6Mn_MO V Nb)
5 haderup” ool 380 340 143 [* Dupoil wulice T ] ]

% * Aiiteol Medsine M .

g * Gassous emissions Preferred corrosion attack of Cr-
Isra—l LT # hll.ﬁ-lllllﬂgllr:l. penbed, = nibes in exising $H I‘ICh aUStenlte gralns |n a mar-
 eyspenslon-flred tensitic steel also is observed for
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(on the gas side) the Cr oxide. At lower temperatures,
which do not favor evaporation of Cr chloride, Fe chloride
will continue to evaporate from the corrosion front, and
promote active oxidation.

Corrosion Rateswere determined under the assumption
that the corrosion kinetics are linear with time. This is
Figure 10. Cross sections of surfaces from the same  clearly acceptable at higher temperatures where non-
specimen of Esshete 1250 exposed for protective oxides are present; however, at temperatures
8,690h at 513C (at Masnedg), showing (a)  pelow 500C where more-protective scales are formed,
grain boundary attack, and (b) protective  tne kinetics are probably closer to parabolic. Neverthe-
scale formation. less, for comparison purposes, linear kinetics were ap-
alloyHCM12 (Fe-12Cr-W,Mo,V,Nb,Cu,N)) at high tem-plied. Figure 7 summarizes data for a range of alloys from
peratures. Even at temperatures below80Where the 2.25-30% Cr exposed on a probe at a straw-fired plant.
rate of corrosion is minimal due to the formation of @orrosion rates are presented as (mm/1000h), based on
protective scale, preferential attack has been obserweetallographic measurement of actual metal loss as well
after three years of exposure.

PRl -y I

Corrosion Mechanism: Short-term deposition experi- - 1 L | e
ments have shown that KCI constitutes the initial conden- £ .| . / e
sate, so that chlorine must be released from such depositi a1 | “‘HH - i

to initiate corrosion. The initiation process may be any of £ 1 "“-H _d__.“r"’- '

a combination of reactions between KCl, SO, and i a2l Chaan - “ .

water vapor which release either HCl or chlorine gas. The 3 ) o

released chlorine then migrates through any protective *; . v & & & 4

scale, and reacts preferentially with Cr (as well as Mn) at Cr oatent in %

the metal-oxide interface to form Cr@r CrCL. The Cr Fia PSR —
hloride formed migrates outward to a area of hi hergure 11. Corrosion rate in straw fired CHP plant

¢ . g . 9n (Masnedg) as a function of alloy Cr content

oxygen pgrtlal pressure, where _|t is converted to Cr 9>'<|de (metal temperature approximately 556C)

and chlorine. Although Cr chloride has a lower volatility

compared to Fe chloride, the temperature gradient du@gdnternal penetration, which are summed to provide the

the difference between metal and gas temperatures figiire for ‘total corrosion.” Note that the low-Cr steels

courages the evaporation of metal chlorides. Further,@xhibited very high levels of metal loss, whereas the

chloride oxidizes at lower oxygen partial pressures thiigher-Cr steels were characterized by severe internal

do both the chlorides of Fe and Ni. The chlorine thggrrosion. These results suggest that there is a minimum

released then migrates back to the corrosion frontifigotal corrosion rate at an intermediate Cr content of 15-

restart the cycle of formation of metal chlorides. 18%.

This behavior explains the voids seen at grain boundaffégure 8 summarizes the temperature dependence of
at the corrosion front (due to the evaporation of meggrrosion of type 347 stainless steel based on exposures in
chlorides), and also explains the presence of oxidet#@st superheater in a straw-fired plant. Both fine-grained

grain boundaries or within the grains, where the partial, ;

[ W rean) suse e

pressure of oxygen is higher that at the corrosion front. | |amsm we g g
For austenitic materials, grain boundaries are the initi§| .
site of attack, followed by attack of Cr within the grains; X
Preferential attack may also occur of Cr-rich carbidds:+ :
present in the grain boundaries. § o L

L |

. o | A "

A similar chlorination reaction occurs for Fe reacting to "
from_an iron chloride. Irqn chloride W|II_m|gr§1tg more °_ e o o
readily out of the corrosion product, since it is more [E———
form oxides at higher oxygen partial pressures than does of type 347 stainless steel in straw-fired
Cr chloride, it would be expected to form oxide outside CHP plant (Masnedg)
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and coarse-grained versions of this alloy were expogedult, the wood chip-fired boiler at Elsam’s Ensted CHP
and, while there was some spread in the corrosion ral@ntin Denmark is fabricated from a 12Cr1Mo-1W steel,
data at the higher temperatures, there was apparentiand has an outlet steel temperature of646ompared to
significant effect of alloy grain size. Figure 9 collates ttan outlet steam temperature of 4CGor the companion
corrosion rates of fine- and coarse-grained versionsstifaw-fired boiler.

347 from four straw-fired plants. Where more accurate

data could not be obtained, the metal surface temperatbogrosion Morphology and Mechanism: Analysis of
reported was taken to be the steam temperature in thettestash from the high-temperature components in the

tubes in the existing superheaters plu¥20 wood chip-fired boiler indicated the presence g5,
P — BT MO SEFT 4GPE 4T and CaSQin the deposits close to the oxide scale and, in
e [ - some cases, KClI closer to the flue gas-deposit interface.
B k “{L‘g‘, - | — However, since K and Cl also were detected at and near
7 # *hh,: o —L | the corrosion front, there is an indication that a corrosion
e WS ! mechanism similar to that in straw-fired boilers can occur.
g L "‘-,-u:.-h‘ Specimens from two adjacent type 347 tubes that had
: A I ) H‘ﬁ . been exposed in the plant at the same time for 2000 hrs
4 2 T showed mostly protective scale formation. However, one
. | 1 -1 specimen had areas of grain boundary attack, with non-
waws  nn ws gmm o s omm amm o protective oxide formation.
IiT i Kabvin mwrlil rpersbhre
i g - 1 s s ™ 1 Corrosion problems were encountered in the panel walls
0 wae = Do Bl o A

e of the Ensted boiler. The calculated surface metal tem-
: - peratures in the corrosion affected area were 5806600
Figure 13. Temperature dependence of corrosion rate The walls required extensive repairs using weld overlay
of type 347 stainless steel-data from all of alloy 625 (Ni-21Cr-9Mo-Nb,Ta,Al,Ti). Examination
straw-fired tests six months after the repair revealed a Cr-rich scale, with
a subjacent Cr-depleted layer in the alloy; the maximum
There is general agreement in the results from the fél@pth of internal corrosion was approximately@ No
plants, although there is also a significant spread in @i@in boundary attack was observed in the weld overlay,
data; the reason for the spread is not understood, but y&ich contained no Cr carbides at grain boundaries. If the
have been connected to differences in the flue gas téverall corrosion attack had been similar to that in straw-
peratures. The expression for the corrosion rate derifésgd plants, the depletion of Cr from the surface of the

= e e

from these data is: alloy would have been expected to result from the forma-
tion of Cr chlorides, which then would have oxidized to Cr
c = exp [(A*b/T) + C(Tg'Tm) +d] oxide. Of note is the fact Ni, Cl, and O were found on the
surface of the overlay; while Ni reacts somewhat less

where: c is the corrosion rate in mm/1000 h readily with Cl than does Cr, Ni-Cl-rich corrosion prod-
T_is metal temperature fK ucts are less readily oxidized at higher oxygen partial
T, is gas temperature fi pressures, which may result in a slowing of the active

A'is a constant related to the alloy compositioexidation mechanism.
(such as the amount of Cr, etc.) _ o
Cis a constant related to the flue gas temperat&@rrosion Rates: The limited data collected for type

b and d are empirical constants. 347H stainless steel in wood chip-fired boilers in Den-
mark are compared in Fig. 12 to the data for straw firing.
Wood Chip Firing Where rapid corrosion was observed, there was a large

A comparison between the impurity contents and levelgi@ntribution from grain boundary corrosion, and the over-
straw and wood chips indicates that the latter has less@igorrosion rate was within the range of results from
and fewer corrosive compounds; straw contains approiraw firing. In contrast, when protective oxides formed,
mately an order of magnitude more K and Cl than in wo8te corrosion rates were below those for straw firing.
chips. On this basis, it appears that wood chips would be

a less corrosive biomass alternative to straw and, agaFiring of Coal and Straw

consequence, there has been no similar investigafiléam has conducted an investigation at the Studstrup
program for corrosion concerns in wood chip firing. Asilant of the feasibility of co-firing coal and straw, and its
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M Tampaniurs B man B0 ae0 Ao corrosion morphologies for straw co-firing at low metal

i | | ; temperatures were similar to those found in coal-fired
8 ) “‘,r";* & I ' : plants, comprising an outer layer of iron oxide and an inter
g e l"‘&v- =_ ||| layerofiron-chromiumoxide. Forthe higher alloys, a thin
1. i :'". « 1 | Cr-rich oxide was formed, whereas on the lower-alloy
i E “ro#®F 70 _| steels, thicker scales formed. Sulfur, in the form of sulfate
2 1T s ¥ W | or sulfides, was present within the oxide. At higher
*1 o T, ;xﬁ.g temperatures (approximately 58) there were addition-
: _| —~ — . ally large, shallow oxide pits present when co-firing with
T 9006 straw, especially with the austenitic steels. Sulfates
PO E— or sulfides were detected at the base of the oxide pits.

Figure 14. Comparison of temperature dependence of Corrosion Mechanism: It is proposed that upon com-
corrosion rate of type 347 stainless steel in  bustion, KCI from straw reacts with &, SiO,, as well
straw-fired and woodchip-fired boilers as Q, H,0 and SQto form K,SO,, potassium-aluminum

effect on corrosion, ash deposition, and aerosol forngiicates, while chlorine is released as HCI. These com-
tion. On the basis of the positive results obtained, a &Unds depositon the cooled metal surfaces, and the HCI
fired plant is now in operation. This section discusse8§Parts W't(t‘ the flue gas. Increasing the straw content
results from long-term exposures in a suspension-fifs@M 10-20% results in a greater amount of KCl in the

boiler burning 10 or 20% straw (percentage on an eneﬁﬂ“bqs_tio” chamber, which produces mot&®, for
basis). eposition, and increased emissions of HCI from the

stack. Observations are that corrosion increases with

Corrosion Morphology: Figure 13 summarizes the trend;SC, concentration in the deposit, indicating that this is
in chemical composition of the ash adjacent to the corfB€ corrosive species in the deposit. Iron oxide at the
sion products on type 347 fine-grained stainless st@¥de-moltensaltinterface canreactwith&Jormiron
when burning coal; coal plus 10% straw; or coal plus ZC%I_fate, and itis known that a eutectic which has a me_Itlng
straw. The main elements detected in the ash were Al,R§int of 62IC forms between iron sulfate and potassium
S, K, Ca, and Fe. As the proportion of straw in the fu4lfate (at approximately 94%,80,). The two criteria
increased, the Al and Si content of the ash decreadikfessary for the formation of a molten eutectic are (1)
whereas the percentage of S and K increased. T concentration of SO, on the surface, and (2) a

findings were supported by deposition studies. Note tifface temperature close to the eutectic melting point.
Laboratory measurements indicated that a mixture of

- [ Coal | K,SO, and FeO, first melts at 588C; further, trace
mCoal + 10% straw | amounts of other elements may further reduce the eutectic
o 30 W Coal + 20% straw|  melting temperature. It is, therefore, suggested that low-
3 | temperature hot corrosion occurs at the higher tempera-
. | tures with 20% straw co-firing: K&O)), forms a melt
% = with K,SO, and, due to SQgradients, F£S0,), migrates
z I | to the outer part of the melt and precipitate©E€lhe net
[ 18] I - | . .
10 I : | resultis that at temperatures in the range 580®0be
| [ H presence of KSO, leads to acidic fluxing of the ‘protec-
o U . . tive’ Fe,O, scale.
Al Si 5 K Ca Fa _ _ _ ,
Corrosion Rates: Figure 16 is an Arrhenius-type plot
Elements

(assuming parabolic kinetics) of the corrosion rates of
alloy 347FG as a function of temperature. In the plot, the
units of the parabolic rate constanpt) (&re (1m?/1000h).
This diagram indicates that the corrosion rates in straw co-
firing lie in the same region as those from coal firing, and
significantly below those for straw firing. For specimens
exposed to 10% straw co-firing, the corrosion rates can be
%ﬁsidered as similar to those for coal firing at all tem-
eratures, even those where there is an increased flue gas
f metal temperature. For 20% straw co-firing at low

Figure 15. Average composition of main elements in
ash adjacent to coerrosion products on type
347 FG stainless steel in coal-fired, coal+
10% straw-fired, and coal+ 20% straw-
fired boilers
no Cl was detected in the deposits or corrosion prod
nor at the corrosion front. The ash contained particles r
in Al, Si, K and O in a matrix of kSO,. Iron oxide
precipitates also were present within this matrix. T
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Motal Tomp. BDO°C L ]

[ coa rie | t€Mperatures, the corrosion rate is also similar to coal
llin e ng |
——

. — —— Stranw firing| firing. There is an increase in the corrosion rate at high

— | temperatures due to the change in corrosion mechanism,
as iron sulfate-potassium sulfate meltis formed. Note that
the corrosion rates are specific to the investigations con-
ducted at the plants in Denmark, and the results described
are likely to be dependent on the coal and biomass type
used.

: - . . - ~ —  Abstracted from: M. Montgomer¥,echnical University
Dz 00514 0, &1 DEIE [ ] Lol o] ] g LT Of Demarko H LarserElsam and O B|ed(-f_nerg| E2,
AT [Meial temnparatura) in Kokvin . . . . .
_ _ “Corrosion and Materials Performance in Biomass-Fired
Figure 16. Comparison of temperature dependence of and Coal-Fired Power Plants,” Paper 03356, presented at
corrosion rate of type 347FG stainless steel Corrosion/2003, San Diego, California. Published by

in straw'+co.al co—fi.red, straw-fired, and permission of NACE International.
woodchip-fired boilers

Recent Developments

A New Coal-Fired, Supercritical Steam Power Plant Turbine atthe Baglan Bay Power Station near Cardiff, Wales
Under Construction in lowa as one of its top three power projects in 2003. The H-System
MidAmerican Energy Company has started construction@2s turbine is the product of a jointly funded development
a 790 MWe coal-fueled power plant at the Council Bluffgffort between GE Power Systems and the U.S. Department
Energy Center in lowa. The plant will employ “advance@f Energy’s Office of Fossil Energy. The increased perfor-
supercritical” technology, and will also incorporate adnance in terms of efficiency and emissions (9 ppm)O
vanced technologies for clean-coal conversion, includiffjs turbine rely heavily of on the use of advanced materials
dry scrubbers and selective catalytic reduction. This coahd a new steam-cooling system that allows operation at
fired plant forms part of MidAmerican’s portfolio of diversdiring temperatures of 142Z/2600F. For more informa-
generation resources, which includes wind, biomass, nuclé@f), contact: David Anna, DOE'’s National Energy Technol-
hydro, natural gas, oil and coal. Phase 1 of a 540 MWey Laboratory, ‘phone: 412.386.4646; e-mail:
natural gas-fueled generation station has been complete@ina@netl.doe.gov.
Pleasant Hill, lowa, and plans have been announced for the
construction of 310 MWe of wind turbine generators in norfoal Mine Methane Fuel Cell in Ohio
central lowa. To be acceptable, the coal-fired plant wagelCell Energy of Danbury, Conn., has started operation of
required to be cleaner and more efficient than previous un&g.00-kW Direct FuelCell® technology fuel cell powered by
so that MidAmerican opted for state-of-the-art technologgoal mine methane in a six-month demonstration at the Rose
The steam conditions have not been announced, but \igdey coal mine methane test site in Hopedale, Ohio. Direct
temperature of the steam delivered to the high-presshk€lCell® power plants can use hydrocarbon fuels to pro-
turbine is believed to be no higher than 88@hich, while duce electricity without the need to first create hydrogen in
somewhat higher that the norm for current supercriticil €xternal fuel processor. Because hydrogen is generated
steam plants in the US (540-568, is still well below that directly within the fuel cell module from readily-available
of the state-of-the-art plants now in service in Europe aftt§ls (in this case, coal mine methane) these power plants do
elsewhere of 600-62C. Hitachi Ltd. of Japan is providingnot require the creation of an extensive hydrogen supply
boilers, power turbines and other critical technology expéhfrastructure. The National Energy Technology Labora-
tise, and Mitsui & Company is responsible for managing tk@Y, the research laboratory for the Department of Energy’s
construction. Sargent & Lundy, Chicago, is the desigdffice of Fossil Energy, is managing The overall three-year
engineer, and Kvaerner Songer from Washington, Pa., sefvi@ect is managed by the National Energy Technology
as the general work contractor. Laboratory; the total cost of the project is approximately
$7m, shared equally between the Department of Energy and
From: MidAmerican Energy’s Fact Sheet, 9/9/03. For FuelCell Energy. For details, contact: David J. Anna, DOE
more information, contact: Allan Urlis , Director of MedidNational Energy Technology Laboratory, 412-386-4646,
Relations, MidAmerican Energy Company; ‘phone: david.anna@netl.doe.gov
515.281.2785.

Sensor Research Projects Selected
H-System Turbine Award As a result of the solicitation “Development of Novel Sen-
Power Engineering magazine has picked the H-System &@ks for Ultra High-Temperature Fossil Fuel Applications,”
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the Department of Energy’s National Energy Technolodlye most promising mercury controltechnologies ata broader
Laboratory (NETL) has selected three projects to devel@mge of utility field-test sites, specifically those burning
sensors that will operate in high-temperature, harsh envirignite, and those with smaller electrostatic precipitators.
ments. The awards are being made from the Instrumentatibimese pre-commercial demonstration tests will be con-
Sensors and Control System program, a part of NETldacted at commercial coal-fired power plants and will pro-
Advanced Research Program, which targets novel reseatabe information on mercury removal effectiveness and
opportunities for fossil-energy systems. The awards arecost, and the potential impacts on plant operations. The eight
projects were selected are:
Nuonics, Inc., Orlando, Floridaill develop an ultra high-
temperature-resistant and vibration-tolerant sensor based®” Environmental Solutions, LLC, Littleton, Colorado
SiC. The sensor will be able to accurately measure tempevidl-evaluate the use of sorbent injection to remove mercury
ture, pressure, and concentrations of combustion materfeden coal-combustion gases in conjunction with existing
using interferometry. The refractive index changes in Sgllution-control equipment. Full-scale sorbent-injection
due to changes in the system temperature and pressureagilipment will be installed and tested at four power plants
be measured by a high-speed remote-detection systdrmat cover a combination of coals and pollution control
Nuonics will also study the feasibility of detecting gasquipment that are representative of 78 percent of existing
species by coating the silicon carbide materials. The valueoél-fired generation and a large portion of new plants. The
the award is $950,000, and the project duration is 36 montiesearch team also includes EPRI, CONSOL, Reaction
Engineering, and Microbeam Technologies.
Prime Research, L.L.C., Blacksburg, Virgimid develop
sensors based on sapphire fibers that have been altere®xA Technologies, Inc., Littleton, Coloraddl test a new
deliver a single wavelength or multiple wavelengths of lighton-carbon sorbent (Amended Silicatgsthat delivers
The highly sensitive, ultra-high-temperature micro-sensdrgh mercury removal levels while avoiding impacts on fly
will be used in the control systems of next-generation zeash sales. The project will take place at a 75-MW unit
emission fossil-fuel power plants. The feasibility of thieperated by Cinergy Power Generation Services in Miami
technology was recently discovered, and focuses on mEart (Unit 6). The project team also includes the University
surements and sensors that are most likely to survive in dfidlorth Dakota and Western Kentucky University.
harsh environments of fossil-energy power plants. Prime
Research will fully develop the process to produce thdd®S Group, Inc., Austin, Texasl inject sorbents upstream
special fibers. The value of the award is $945,186 (Primka small collection-area electrostatic precipitator (ESP),
Research Share: $38,994), and the project duration isf@@®wed by a wet scrubber at Southern Company Services’
months. Plant Yates (Unit 1) in Atlanta, GA. Previous full-scale
sorbent injection tests have involved relatively large ESPs,
SRl International of Menlo Park, Californigill develop an but more than 60 percent of the industry is equipped with
arrangement of miniature solid-state, electrochemical s&&Ps having small-size collection areas. The tests will
sors that are inexpensive, rugged, reliable, and easyevaluate longer-term removal performance and by-product
fabricate. The sensors will measure the concentrationgofality. Other team members include ADA Environmental
nitrogen oxides, sulfur oxides, and hydrocarbons, and ti&glutions and EPRI.
will be able to operate in high-temperature and high-pres-
sure environments using a novel array and packaging desigiRS Group, Inc., Austin, Texd%is projectinvolves large-
This novel design will serve as a basis for integrating micreeale testing of a honeycomb catalyst system that has been
sensors into next-generation power plants because cursfiawn to be effective in oxidizing elemental mercury so that
sensor technologies are inadequate for online monitoringtafan be removed in downstream wet lime or limestone flue
emissions. The value of the award is $641,820, and tes desulfurization (FGD) systems. Testing will be con-
project duration is 36 months. ducted over 14 months at two stations: TXU Monticello
For more information, contact: David J. Anna, DOE NETIStation, and Duke Energy’s Marshall Station. One plant
‘phone: 412.386.4646; e-maittavid.anna@netl.doe.gov,burns Texas lignite, and the other a low-sulfur bituminous
or Susan Maley, DOE NETL, ‘phone: 304.285.1321; e-madoal. Both are equipped with an ESP and wet scrubber.
susan.maley@netl.doe.gov

URS Group, Inc., Austin, Texasll test EPRI's Mercury

DOE to Test Advanced Methods For Reducing Mercury Control via Adsorption Process (MerCAPTM) technology
Emissions for controlling mercury emissions from coal-fired power
With coal-burning utilities facing the prospect of first-timglants. The process involves placing a regenerable, fixed-
control on mercury emissions, the Department of Energy Iséisicture sorbent into a coal flue gas stream to remove
selected eight new projects to test mercury control technateercury. Because the sorbent periodically regenerates as it
gies at coal-fired power plants. The selections build on paaptures and isolates mercury for disposal, mercury will not
DOE research and focus on longer-term, large-scale testsefcontained in the combustion by-products. Testing will
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occur over a 6-month period at Great River Energy’s lignitand a wet scrubber at two lignite-burning plants. The host
fired Stanton Station, and at Southern Company Servicsi#es include Minnkota Power Cooperative’s Milton R. Young
bituminous-fired Plant Yates. (Unit 2) in North Dakota, and TXU Monticello (Unit 3) in
Texas. The project will measure mercury oxidation levels
University of North Dakota, Grand Forks, North Dakotacemoval rates across existing ESP and FGD units; determine
This project focuses on enhancing the effectivenesscokts associated with those removal rates; investigate the
activated carbon in capturing mercury in plants burning lopessibility of the air pollution control device acting as a
rank lignite coals. Because of low chlorine and high calciumulti-pollutant control device; and quantify plant mainte-
content, lignite produces higher levels of elemental mercungnce impacts due to the control approach.
which is more difficult to remove. Two different approaches
will be evaluated: the injection of chlorine-based additivé&orbent Technologies Corp., Twinsburg, Ohid test a
and the use of chemically treated sorbents. Testing will mavel sorbent at Duke Energy’s Buck Station or Allen
performed on four units at three power plants burning No&ation, which are both equipped with an ESP and burn
Dakota lignite: Leland Olds Station (Unit 1) and Stantdsituminous coal; and also at Detroit Edison’s St. Clair
Station (Unit 10), both near Stanton, ND; Antelope Valletation, which burns a mixture of bituminous and sub-
Station (Unit 1) near Beulah, ND. Two units are equippé&ituminous coal. Other program participants are; Duke Power;
with ESPs only, and two are equipped with spray dryPetroit Edison; Fuel Tech, Western Kentucky University’s
absorbers combined with fabric filters. Combustion Laboratory; PS Analytical; Spectra Gases; and
Stock Equipment Company.
University of North Dakota, Grand Forks, North Dakota
will evaluate the effectiveness of using a chloride-basEdr more information, contact: David Anna, DOE NETL,
additive to increase mercury oxidation upstream of an EQRone: 412.386.4646; e-mail: david.anna@netl.doe.gov

Meetings Calendar

February 16, 2004:A Technical Workshop ofNear-Term Op- in materials and corrosion control in fossil fuels conversion and
tions to Reduce C{Emissions from the Electric Power Generacombustion, as well as a panel discussion on materials selection
tion Sector in APEC Economiedll be held at the Conrad Jupitersand performance in incinerators and waste fuel facilities. For
Convention Centre, Gold Coast, Queensland, Australia in caletails, contact: Larry Paul, ThyssenKrupp VDM USA Inc., Tipton,
junction with the IEA Asia Pacific Conference Bero Emissions Indiana; ‘phone: 765.675.9964; fax: 765.675.9836; or e-mail:
Technologie¢February 17-19, 2004). The workshop will addredpaul@tiptontel.com.

the following topics: upgrading and refurbishment of existing

power plants; efficiency improvements in existing power plant&pril 18-22, 2004: The 29" International Technical Conference
fuel switching for emission reductions; new commercial generata Coal Utilization and Fuel Systen®&heraton Sand Key Hotel,
ing technologies (supercritical and ultra-supercritical pulveriz&iearwater, Florida. Information is available from: Barbara A.
coal, integrated gasification combined cycle, gas turbines, f@akkestad, Coal Technology Association, 601 Suffield Drive,
cells, etc.) including their market penetration, economics, reliab@aithersburg, MD 20878; ‘phone: 301.294.6080; fax:
ity, O&M, and other related issues; emission accounting aB@1.294.7480; websit@ww.coaltechnologies.com. See Materi-
trading schemes, and development co-operation; and facilitatalg & Components No. 160 (calls for papers).

trade and investment in APEC developing economies in areas

relating to CO2 emission reduction from electricity generation. FApril 19-23, 2004:Thelnternational Conference on Metallurgi-
additional details, contact: NETL Conference Services Informeal Coatings and Thin Fils) Town and Country Hotel, San Diego,
tion, NETL Event Management, National Energy Technologyalifornia. For information see the conference websitgtat/
Laboratory; ‘phone: 412.386.6044; fax: 412.386.4604; e-mailww.abs.org/conferences/icmctf/coal. See Materials & Compo-
kimberly.yavorsky@netl.doe.gov nents No. 160.

March 7-10, 2004:The First International Conference on FuelMay 16-21, 2004.The sixthinternational Symposium of High-
Cell Development and Deploymehiniversity of Connecticut, Temperature Corrosion and Protection of Materiaddl be held
Storrs, Connecticut. For information, contact: Laurie Enderlen the lle des Embiez, France. This conference is intended to
School of Engineering, 261 Glennbrook Road, Unit 2237, Univgrermit open, in-depth discussions and exchanges on the various
sity of Connecticut, Storrs, CT 06269-2237; ‘phone: 860.486.3238jentific and technical aspects of corrosion of materials at high
fax: 860.486.2269; or e-maiitfuelcell@engr.uconn.edu.; websiteiemperatures under the joint action of temperature, multi-oxidant
www.ctfuelcell.uconn. edu/scic/. See Materials & Componentsemical and mechanical environments, and of specific param-
No. 160. eters representative of their conditions of use. The main themes of
the symposium are: The Main Industrial Fields Concerned With
March 28-April 1, 2004: NACE’s 59" Annual Conference & High-Temperature Corrosioand-based gas turbines, diesel en-
Exposition—CORROSION NACExpo 2004—will be held at thgines; boilers, incinerators, burners; coal gasification; aerospace
New Orleans Conference Center and the New Orleans Marrigtustry; fuel cells; exhaust systems and high-temperature filtra-
New Orleans, Louisiana. The Specific Technology Group fton/hot gas clean up; and high-temperature processes in industry
Energy Generation (STG41) will hold a symposium on advandgesemical, petrochemical, steelmaking, glassmaking, pulp and
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paperindustries). 2dvanced Materials And Associated Problemalternative fuels: waste coal and petcoke; supercritical and ultra
Concerned With High-Temperature Corrosiatevelopment in supercritical steam cycles); af@bal Supply & Materials Han-
understanding of high-temperature corrosion and protectionding. For details, contact: Jan Simpson, PennWell Corporation,
aggressive environments; high-temperature coatings (includiigRl S. Sheridan Road, Tulsa, OK 74112; ‘phone 918.831.9736.
thermal barrier coatings); high-temperature alloys and intermefdahe  conference has a web site at: coal-
lics; ceramics and composites; metal dusting and carburisatiganconference@pennwell.com
role of water vapour and steam on high-temperature corrosion;
modeling and lifetime prediction; spalling and mechanical aspeddstober 5-7, 2004:Power-Gen Asia 2004vill be held at the
and advanced characterisation techniques of degradation. Irgract Exhibition and Convention Center, Bangkok, Thailand.
details, contact: Prof. P. Steinmetz, Université de Nandyor more information, contact: Miss Seoniad Thomas, ‘phone:
psteinme@persmail.uhp-nancy.fr; lan Wright, Oak Ridge N@11.44.199.265.6629; fax: 011.44.199.265.6704; or e-mail:
tional Laboratory: wrightig@ornl.gov; or visit the web site afpowergenasia@pennwell.com.
http://www.htcpm-2004.uhp-nancy.fr.

October 20-22, 2004:Stainless Steel World-American 2004
June 14-17, 2004The 49 ASME TurboExpo-Power for Land, Conference held at the Doubletree Hotel, Houston, Texas. Plenary
Sea & Air will be held in the Austria Centre, Vienna, Austria. Theaper and workshop sessions will be held on such topics as clad
program includes sessions on: biomass gasification; combustiomaterials, weld overlay, risk-based inspection, failure analysis,
alternative fuels; treatment and technologies to enable the usevelding, and high-temperature applications. The conference will
solid fuels in gas turbines; advanced systems for coal utilizatiextensively cover the following materials groups: duplex and
new concepts for reduced Cémissions; status of large-frame gasuper duplex stainless steels: super martensitic stainless steels;
turbines; condition monitoring of large utility plants; repair andustenitics and super austenitics; other stainless steels; Ni-based
manufacturing technology; degradation and life prediction; aatloys; titanium; and other corrosion-resistant metals. For further
advanced in high-temperature coatings. For further informationformation contact Mrs. Marion Barth asw-America@Kkci-
contact: IGTI world.com. The conference also has a websitenat.stainless-
5775-C Glenridge Drive, Suite 115, Atlanta, Georgia 30328teel-world.net.
‘phone: 404.847.0072; or fax: 404.847.0151.

November 1-4, 2004:The 2004 International Gas Research
July 7-9, 2004:The17th International Conference on EfficiencyConferenceVancouver Conference Centre, Vancouver, British
Costs, Optimization, Simulation and Environmental Impact @olumbia, Canada. For information, contact Christopher Esson,
Energy and Process Systems (EC@&)anajuato, Mexico. The 1700 South Mount Prospect Road, Des Plaines, Il 60018-1804;
conference has a home page at: http://ecos2004.imp.mx. See‘flaene: 847.768.0816; fax: 847.768.0842; e-mail:
terials & Components No. 160 (calls for papers). igrc2004@gastechnology.org.; websigw.igrc2004.org. See

Materials & Components No. 160.

July 28-30, 2004 TheCoal-Gen 2004 Confereneell be held at

the Overland Park Convention Center, Overland Park, Kansas. Nowember 17, 2004The U.S. Department of Energy’s (DOE)
issues of interest at this conference include: design, developme@iftice of Fossil Energy’€lean Coal and Power Conferenesd
construction, upgrading, operation and maintenance of coal-fited2"Joint U.S.-People’s Republic of China Conference on Clean
power plant. The major themes will bExisting Asset Value Energy(November 18-19), Ronald Reagan International Trade
Maximization(includingfuel and materials handling; boiler operaCenter in Washington, D.C. For information contact: Faith Cline,
tion and maintenance; steam turbine upgrades; balance of piphbne: 202.586.7920; fax: 202.586.0734; or e-mail:
equipment issues; plant cooling/water treatment; re-powerinfgith.cline@hg.doe.gov.; websitbttp://fossil.energy.gov/news/
Environmental IssuesNew Generatior(including plant siting; events/cleancoal/index.html. See Materials & Components No.
boiler technology; integrated gasification combined cycle; fluid-60.

ized-bed combustion; next-generation coal-fired power plants;

Calls for Papers

April 29-30, 2004: The second international; conference osurface treatment; test methods and service conditions; and
Industrial gas Turbine technologies, organized by the Thematiodeling. Since four large European joint research efforts will be
network CAME-GT of the European Union’s RTD Frameworklose to completion at that time (COTEST-code of practice for
Programme V will be held at Hotel Golf, Bled, Slovenia. Theyclic oxidation testing; OPTICORR—modeling of high-
deadline for submission of Abstracts is 2/2/04 and papers 29/3mperature corrosion for optimization of service performance of

boilers steels; SMILER—surface-treated materials for improved
June 11-12, 2004:A US-China Industrial Boilers Workshop: life and emissions reduction; and SUNASPO—surface engineering
“Increasing Energy Efficiency, Reducing Pollution and GreenhousEnew alloys for super high-efficiency power generation), it is
gases,” will be held in Beijing, Peoples Republic of China. expected that there will also be discussion of results from these

efforts at the Workshop. Abstracts should be submitted before
October 27-29, 2004A workshop onNovel Approaches to the march 31, 2004 to: Prof. Michael Schiitze, DECHEMA, Karl-
Improvement of High-Temperature Corrosion Resistavitdbe  Winnaker-Institut, Theodor-Heusse-Allee 25, D-60486 Frankfurt
held at DECHEMA House, Frankfurtam Main, Germany. Thiswidm Main, Germany; ‘phone: 011.49.69.756.4361; fax:
be European Federation of Corrosion Event No. 275. The m&)dd.49.69.756.4388; e-mail schuetze@dechema.de. The Workshop
topics of the Workshop are expected to be: alloy modificatioalso has a web site at: www.dechema.de/efcws04.
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A Word From Our Sponsor...

Please note that thd®™ EPRI/DOE International
Conference on Advances in Materials Technology for
Fossil Power Plantwill be held at the Hilton Ocean Front
Resort, Hilton Head Island, South Carolina on October
26-28, 2004. Presentations will be made by worldwide
utilities, equipment manufactures, alloy venders, forging
shops, casting houses, universities, national labs, and
consulting and research organizations on subjects that
willinclude: plant economics; new materials development
concepts; high-temperatures materials used in boilers and
turbines in steam power plants; ferritic steels, austenitic
steels, and nickel-based alloys; boiler tubes, headers,
steam pipes, water walls; turbine rotors, blades, bolts,
casings, valves, and high-temperature components. The
issues to be addressed include creep; fatigue; toughness;
corrosion; weldability; fabricability; coating and claddings;
microstructures; advances in design; and field 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-mailnelwade@epri.com.
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