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SUPPORT SERVICESFOR CERAMIC FIBER-CERAMIC MATRIX COMPOSITES

Research sponsored by the U.S Department of Energy, Fossil Energy Advanced Research
Materids Program, DOE/FE AA 15 10 100, Work Breakdown Structure Element UNDEERC-4

INTRODUCTION

To increase national energy self-sufficiency for the near future, power systemswill be
required to fire low-grade fuels more efficiently than is currently possible. The typical coal-fired
steam cycle used at present is limited to a maximum steam temperature of 540°C and a
conversionefficiency of 35%. Higher working-fluid temperaturesare required to boost
efficiency, exposing subsystems to very corrosive conditions. Inorder to initially evaluate the
suitability of a new material for use in a fossil energy system and to determine appropriate
alterations in material composition or processing during the development stage, short-term tests
of the corrosion resistance of the material and the corrosion mechanisms must be performed.

The University of North Dakota Energy & Environmental Research Center (EERC) is
working with the Oak Ridge National Laboratory and the U.S. Department of Energy (DOE)
National Energy Technology Laboratory to provide technical assistance and products of coal
utilization to the Fossil Energy Materials Program investigating materials failure due to corrosion
in fossil energy systems. The main activities of the EERC are to assemble coal slag and ash
samples for use in corrosion tests by materials researchers, to assist in providing opportunities for
realistic corrosion tests of advanced materials in pilot-scale fossil energy systems, and to provide
analytical support in determining corrosion mechanisms of the exposed materials.

This work serves DOE goals of advancing the efficiency and reducing the emissions of
coal-fired power plants by providing inexpensive and rapid initial tests of the corrosion resistance
of newly developed advanced materials. The information is most useful in the development stage
so that the potential of the material for use in a fossil energy System can be quickly assessed and
so that modifications can be made to the material or its processing in order to increase its
corrosion resistance. Upon successful testing under this program, the materials developer will be
able to produce a more corrosion-resistantmaterial, recommend appropriate uses for the material
In afossil energy system, and choose appropriate long-term testing scenarios under other
programs.

In this report, we present the results of investigationsby the EERC from October 2001 to
September 2002. The two main pilot-scale power plant simulation systems at the EERC that can
be used by researchersfor realistictesting of materials are described. Researchers can include
sample coupons in each of these facilities at no cost since they are being operated under separate
funding. In addition, a pilot-scale coal combustion test is described in which material sample
coupons were included. The results of scanning electron microscopy (SEM) energy-dispersivex-
ray analyses Of the corrosion products and interactions between the surface scales of the coupons
and the products of coal cornbustion found on the coupons exposed during those tests are
reported.



DESCRIPTIONS OF EERC PILOT-SCALE EQUIPMENT

Two pilot-scale solid fuel-fired test systems are being operated at the EERC in which
materials coupons can be included for corrosion testing. The slagging furnace system (SFS)
simulates the conditions in a commercial pulverized-fuel-firedcombustion (oxidizing) system.
Material coupons can be placed in zones exposedto gas and molten slag or fly ash at
temperatures of approximately 1400°, 980°, or 750°C. The transport reactor development unit
(TRDU) simulates the conditions in a commercial entrained-bed gasification (reducing) system.
Coupons can be exposed in this system tither on the clean or dusty side of a hot-gas filter
operating at approximately 530°C.

Slagging Furnace System

Figure 1is a simplified illustration of the SFS. It was constructed with funding from the
DOE Combustion 2000 Program through a subcontract to the United Technologies Research
Center to support testing and development of subsystemsto be used in a high-temperature
advanced furmace. The illustration consists of eight main components: 1) slagging furnace,
2) slag screen/slag tap, 3) dilution-quench zone, 4) process air preheaters, 5) convective air heater
(CAH Xection, 6) radiant air heater (RAH) panel, 7 )tube-and-shell heat exchangers,and
8) pulse-jet baghouse. The SFS design is intended to be as fuel-flexible as possible, with
maximum furnace exit temperatures of 1480° to 1590°Cto maintain the desired heat transfer
the RAH panel and slag flow. The furnace has a nominal firing rate of 2.6 x 10° kJ/hr and a range
of 2.1 to 3.2x 108 kJ/hr using a single burner. The furnace design was based on Iilinois No. 6
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Figure 1. The EERC SFS.
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bituminous coal (25,800 kI/kg) and a nominal furnace residence time of 3.5 s. The EERC
oriented the furnace vertically (downfired) so that slag would not interfere with the operation of
the burner. Internal dimensionsare 119¢m in diameter by roughly 4.9 m in total length. The SFS
is lined with three layers of refractory totaling 30 cm thick to minimize heat loss. This insulation
keeps the vl surface temperature near that of the gas stream. The inner layer is composed of an
aluminacastable, developed by the EERC in cooperationwith the Plibrico Company, that has
been shown in bench and pilot tests to be extremely resistant to slag corrosion at high wall
temperatures.

Material sample coupons can be inserted into the system through ports in the main
combustor, in the slag screen, or on racksin the convective pass downstream of the CAH. Most
samples were included downstream of the CAH. Neax that subsystem, gas temperatures are
maintained at 980°C, but they drop farther back in the system to approximately 175°C as the gas
enters the exit stack-To be included in SFS tests, materials coupons should be no more than 5 cm
wide and able to be slipped onto a I.2-cm-thick Inconel support rod.

Transport Reactor Development Unit

In additionto exposure to combustion conditionsin the SFS, material coupons can also be
exposed to gasification gas and dust in the hot-gas filter vessel (HGFV) of the TRDU, The
TRDU is a2.6x 10%-kJ/hr pressurized circulating fluid-bed gasifier similar to the gasifier being
tested at the Southern Company Services Wilsonville, Alabama, facility. The system s illustrated
in Figure 2. It has an exit gas temperature of up to 980°C, a nominal gas flow rate of 5§ 10m>hr,
and an operating pressure of 0.93—1.1 MPa. The TRDU system can be divided into three
sections: the coal feed section, the TRDU, and the product recovery section. The TRDU proper
consists of a riser reactor with an expanded mixing zone at the bottom, a disengager, and a
primary cyclone and standpipe. All of the components in the system are refractory-lined and
designed mechanically for 1.1 MPa and an internal temperature of 1090°C.

The premixed coal and limestone fed to the transport reactor can be admitted through one
ofthree nozzles that are at varying elevations. Oxidant is fed to the reactorthrough two pairs of
nozzles at varying elevations within the mixing zone. For the combustion mode of operation,
additional nozzles are provided inthe riser for feeding secondary air. Hot solids from the
standpipe are circulated Into the mixing zone, where they come into contact with the oxidant and
the steam, which is injected into the J-leg. This feature enables spent char to contact oxidant and
steam prior to the fresh coal feed. Gasification or combustion and desulfurization reactions are
carried out in the riser, as coal, sorbent, and oxidant (with steam for gasification) flow up the
riser. The solids circulation into the mixing zone is controlled by the solids level in the standpipe.
The bulk of entrained solids leaving the riser is separated from the gas stream in the disengager
and circulated back to the riser via the standpipe. A solids stream is withdrawn from the
standpipe via an auger to maintain the system's solids inventory at an appropriate level. Gs
exiting the disengager enters a primary cyclone that has been modified to provide variable
particulate collection performance. Solids from the dipleg of the primary cyclone are collected in
alock hopper. Gas exiting this cyclone enters ajacketed-pipe heat exchanger before entering the
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Figure 2. TRDU and HGFV in the EERC gasification tower.
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HGFV at approximately930°C. The cleaned gases leaving the HGFV enter a quench system
before being depressurizedand vented to a flare.

This vessel i s designed to handle all of the gas flow fran the TRDU at its expected
operating conditions. The vessel is approximately 1.2 minner diameter (i.d.) and 4.7 m long and
is designed t handle gas flows of approximately 550 m*/hr at temperatures up to 980°C and
0.99MPa. The refractory has a 0.71-m i.d. with a shroud diameter of approximately 0.56 m. The
vessel is sized such that it could handle candle filters up to 1.5 m long; however, 1.0-m candles
are being used in the initial 540°C gasification tests. Candle filters are 60 mm outer diameter
with 10-cm center he-to-center line spacing. The total number of candles that can be mounted in
the current geometry of the HGFV tube sheetis 19.

Standard TRDU tests consist of 200 hours of operation under gasificationconditions with
the HGFV operating at temperatures of 540°—-650°C, 0.93 MPa. Material coupons are exposed in
the system by sliding them over 1.3-cm-diameter stainless Steel rods in the free space below the
candle filters. Samplesup to 5.1 cm wide can be included. The composition of the gas to which
the material coupons would be exposed in the HGFV is approximately 8%—14% H,0, 6%-9%
each of CO and H,, 8%-10% CO,, and 1.0%-2.5% CH,, with the balance being N, and other
trace constituents.

RESULTS AND DISCUSSION OF THE COUPON TESTING

The EERC performed a 100-hrtest in the SFS in November of 2001, during which ceramic
and alloy samples were exposed to coal combustion conditions. The samples included three alloy
rings from Oak Ridge National Laboratory (ORNL) wo of these containing chromium with iron,
tantalum, molybdenum, titanium, and silicon. The remaining alloy contained chromium with
magnesium oxide, tantalum, and lanthanum oxide. Ten alloy samples were also included from
Applied Thin Films, Inc. (ATFI). These alloys included two disks and eight rectangular samples.
The metal content and coating material of these alloys have not been disclosed. Nine alley and
ceramic samples were also reinstalled that had previously been exposed in March and June 2000
SFS tests. The samples included two SiC/SiC rings from Allied Signal Composites, Inc., four
mullite rings from Honeywell Advanced Composites, Inc., and three chrome tantalun alloy rings
from ORNL. All sampleswere installed in the convective pass, where they were heated to an
average temperature of 935°C vihille firing an Illinois No. 6 bituminous coal. Brownish-gray
scales covered with thick ash deposits were observed on all samples. No visible signs of erosion
or major corrosion were observed on any of the alloys or ceramic rings. One sample from each
type of chrome/tantalum alloy received from ORNL was analyzed by SEM, which verified the
absence of major corrosion or erosion. The remaining samples were returnedto their prospective
suppliers.

Ash Deposit Analyses

Samples of bulk ¢oal ash and ash deposits formed in the vicinity of the samplesin the
convective pass were analyzed by wavelength-dispersive x-ray fluorescence (WDXRF) and SEM



point count (SEMPC), respectively. As shown in Table 1, the deposits that formed in the
convective pass onthe SFS coupons contained slightly more Ca thanthe bulk coal ash, but
otherwise they have similar compositions. This is a relatively uncommon result since in most
coals, certain mineral types tend to concentrate in larger or smaller size ranges. As the particles
pass through the combustion System,they tend to become segregated by size, with the larger
particles (> 10 microns) depositing preferentially in the slag screen and smaller ones passing
through to deposit on downstream surfaces such as the coupons in the convective pass.
Therefore, elements that make up the larger particles are often depleted in the ash deposits
formed in the convective pass, and those that make up the smaller particles tend to enrich the ash
deposits. Table 2, which shows computer-controlled SEM (CCSEM) analyses of the minerals in
the coal, indicates that the mineral matter inthe coal is composed primarily of silica-rich clays,
partially oxidized iron sulfide listed as pyrrhotite, and mineral particles of mixed compositions.
For this coal, the particles listed as mixed have compositions indicating that they are primarily
aluminosilicate clay particles with some sulfur. The sulfur peak in the x-ray signal is most likely
from organically associated sulfur in the carbonaceous material surrounding the clay particle, not
actually part of the clay. The size distribution of the clays and mixed particles indicates that they
are relatively small particles, and the iron-rich pyrrhotite particles are relatively large. The fact
that there is no depletion of iron In the ash deposits indicates that the pyrrhotite particles
fragmented upon combustion and so were not preferentially removed in the slag screen.

Table 1. Composition of the Bulk lllinois No. 6 Coal Ash and the Convective Pass Deposits,
normalized sulfur-free oxide basis

Illinois No. 6 Convective Pass

Oxides, wt% Coal Ash Ash Deposit
Si0, 52.4 50.9
ALO, 24.1 22.1
Fe,0, 15.1 15.0
TiO, 11 15
P,0; 0.1 0.1
Ca0 2.9 6.2
MgO 17 14
Na,0 0.3 0.4

2.3 2.3
S0, 2.7 0.0

Table 3 shows the SEMPC data which indicate the relative volume percent of the deposits
with the compositionsindicated. The compositionnames were derived from mineral names, but
do not necessarily indicate that the mineral type is actually present, just that a portion of the ash
deposit has a composition similar 1 that of the named mineral. In fact, most of the depositis
likely to be amorphous rather than crystalline. The data show that the bulk of the deposit is
aluminosilicate-rich netersall,most likely glassy phases formed from the interaction of the clays

with the other minerals during combustion.Only a minority of the pyrrhotite remained separate
from the glassy
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Table 2. Composition, Size, and Abundance of Minerals Present in Illinois N0. 6 Coal, wt%

on a mineral basis

10 2.2 4.6 10.0to 220t0 46.0to %
to22mm tod6mm I10O0mm 220mm 46.0mm 100mm Totals Excluded
Quartz 0.5 1.1 2.5 1.9 0.7 0.3 6.9 57.8
Iron Oxide 0.1 0.1 0.6 0.3 07 09 2.7 S0.1
Periclase 0 0 0 0 0 0 0 0
Rutile 0 0 0 0 0 0 0 0
Alumina 0 0 0 0 0 ] 0 0
Calcite 0 0 0.3 0.5 0.9 0.4 2.1 0.2
Dolomite 0 0 0 0.1 0 0 0.1 100.0
Ankerite 0 0 0 0 0.1 0 0.1 100.0
Kaolinite 1.1 2.6 29 24 0.6 0.5 101 53.1
Montmorillonite 0.4 05 0.6 0.7 0.2 0.2 2.7 41.4
K Al-Silicate 14 33 34 35 15 14 14.5 52.3
Fe Al-Silicate 0 0.2 u.2 0 0 0 0.4 455
Ca4-Silicate 0 0 0 0 0 Q 0 0
Na Al-Silicate 0 0 0 0 0 0 0 46.8
Aluminosilicate 0 0.1 0.2 0.1 0.1 0 0.4 80.1
Mixed Al-Silica 0 0.4 0.2 0 0.1 0.1 0.8 40.9
Fe Silicate 0 0 0 0 0 0 0 100.0
Ca Silicate 0 0 0 0 0] 0 0 0
Ca Aluminate 0 0 0 0 0 0 0 0
Pyrite 0 0] 0.1 05 0.5 0.3 14 56.0
Pyrrhotite 0.3 1.8 24 T8 8.6 7.7 28.6 85.1
Oxidized 0.4 0.4 0.5 0.8 1.0 0.7 3.8 78.6
Pyrrhotite
Gypsum 0 0.4 0.2 0 0 0 0.6 74.7
Barite 0 0 0 0 0 0 0 0
Apatile 0 0 0 0 0 0 0 0
CaAl-P 0 0 0 0 0 0 0 0
KCl 0 0 0 0 o 0 0 0
Gypsum/Barite 0 0 0 0 0 0 0 0
Gypsum/Al- 0.1 0.1 0.1 0.2 0 0 0.4 Bl.6
Silicate

Si-Rich 0.3 06 0.6 0.7 0.3 0 2.5 43.4
Ca-Rich 0 0 0] 0.1 0 0 0.1 100.0
Ca-Si-Rich 0 0 0 0 0 0 0 0
Mixed 5.1 5.3 34 2.3 3.9 1.9 21.7 37.5
Totals 9.9 16.8 18.1 21.9 19.0 14.4 100.0

phases, undergoing oxidation and ending up in the depositsas iron oxide particles. Essentially no
sulfur is present in the ash deposits.

Additional SES tests are scheduled in the coming 18 months. One test will be a purely
coal-fed test, probably oxygen-blown combustion. The other tests are expected 1o include coal

cofired with biomass.



Table 3. Mineral Phases and Frequency Present n Ash Deposits

Mineral Name Freguency, % Mineral Name Frequency, %
Oxide-Rich Silicon-Rich
Magnesium Oxide 0 Quartz 47
Aluminum Oxide 0 Albite 0
Calcium Oxide 0 Anorthite 5.1
Titanium Oxide 0 Potassium Feldspar 0
Chromium Oxide 0 Nepheline 0
Iron Oxide 94 Hauyne 0
Spinel 0 Leucite 0
Ca, Ti Oxide 0 Kaolinite 0
Ca, Al Oxide 0 Altered Kaolinite 34
Mixed Oxide-Rich 0 Illite 12.3
Total for Group 94 Montmorillonite 17
Sulfur-Rich Pyroxene 0
Pyrite 0 Wollastonite 0.4
Pyrrhotite 0 Ca Silicate 0
Iron Sulfate 0 Dicalcium Silicate 0
Sodium Sulfate 0 Na CaSiO, 0
CalciumSulfate 0 Gehlenite 0
NaCa Sulfate 0 Akermanile 0
Barite 0 Merwinite 0
Mixed Sulfur-Rich 04 Spurrite 0
Total for Group 04 Mullite 0
Phosphorus-Rich Mixed Silicon-Rich 57.4
Apatite 0 Total for group 85.1
Mixed Phosphorus-Rich 0
User-Defined List
Total for Group 0 Halite 0
Carbon-Rich AlSiCal 0
Calcite 0 AlSiCa2 0
Altered Calcite 0 Total for Group 0
Dolomite 0
Sulfated Dolomite 0 Other 13
Ankerite 0
Sulfated Ankerite 0
Mixed Carbon-Rich 3
Total for Group 3
Metal-Rich
Aluminum 0
Titanium 0
Iron 0
Nickel 0
Copper 0
Chromium 0
Mixed Metal-Rich 0.9
Total fur Group 0.9




Coupon Analysis Results

NMARL Sample #2-0451 Submitted by Mike Brady, ORNL Cr-TuAlloy C

Sample Description

Shiny gray alloy ring, 12.5 mm high by 24 mm diameter, with a wall thickness of 6 mm.

Postexposure Appearance

Figure 3 shows the sample removed from the sample holder downstream of the CAH after
the November 2001 test run. Flue ges flow across the alloy was from left to right. The ash deposit
was easily removed from the alloy, leaving a thin coating of ash, What could be seen of the alloy
surface was no longer shiny; it appeared dull dark gray and brown, with no flaking.

SEM Analysis

The alloy was reported to contain 82.75 wt% Cr, 9 wt% Ta,5 wt% Mo, 3 wt% Si, 0.15
wt% La,and 0.1 wt% Ti. Figure 4 shows a representative example of the cross-sectioned coupon,
corrosion product, and ash deposit at 100x magnification. It reveals a dual-phase field of alloy, a
typical corrosive intrusion into the sample, and the thin discontinuous oxide layer coating the
sample with ash above. A few large cracks were observed, which generally run parallel to the
surface of the alloy, were randomly distributed about the sample, and extended several
millimeters into the alloy.

EERC JH20780.CDR

Figure 3. ORNL Cr-Ta coupons after removal from the SFS.
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Figure 4. Example of cross-sectionedalloy, corrosion product, and ash deposit at 100x
magnification (ORNL Cr-Ta Coupon C).

The alloy was composed of essentially a chromium matrix reinforced with a Cr-Ta
intermetallic phase. A spot analysis of the matrix gave a composition of approximately 92 wt%
Cr, 7 wt% Mo, 1 wt% Si, with an intermetallic composition of approximately47 wt%Ta, 34
wt% Cr, 15 wt% Si, and 4 wt% Mo. The alloy near the surface appeared to be altered. The matrix
was slightly enriched in molybdenum, silicon content doubled, and tantalum showed a fourfold
increase below the oxide layer. Inthe same region, the intermetallic phase had a slight reduction
in silicon, reduction by haif of tantalum, and a threefold increase in molybdenum. Fine porosity
was observedto a depth of approximately 15-20 pm. The diameter of the pores was less than
2 pm.

Figure 5 illustratesthe discontinuousoxide layer with ash deposit attached & 1500x
magnification. This figure also clearly shows the Cr-Ta intermetallicphase in a chromium
matrix previously discussed. The oxide layer is essentially chromium oxide, which ranges from
24 pm in thickness, where present. The layer is enriched with silicon and tantalum at the alloy
interface, but tantalum was not detected at the layer surface. However, near the surface, iron,
calcium, and aluminumwere detected, indicating that the oxide layer reacted with the ash.
Chramium was detected In the ash material above the oxide layer In amounts as high as 13 wt%.
The alloy surface, both covered with chromium oxide and uncovered, had a 2-pm-thick zone that
was highly porous and broken. The corrosion mechanism appeared to be oxidation. Sulfidation,
halide attack, or ash constituent interaction directly with the alloy was not detected.

10
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Figure 5. Sample surface at 1500x magnification (ORNLCr-Ta Coupon C).

NMARL Sample 02-0452 Submitted by Mike Brady, ORNL Cr35-Fe Samples

Sample Description

Shiny gray alloy ring, 12.7 mm high by 24.9 mm diameter, with a wall thickness of
5.7 mm.

Postexposure Appearance

Figure 6 shows the samples removed from the sample holder downstream of the CAH after
the November 2001 test run. Flue gas flow across the alloy was from left to right. The ash deposit
separated easily from the alloy, leaving a thin coating of ash. The surface of the alloy was no
longer shiny and appeared dark gray 1o brown, with no indications of flaking.

SEM Analysis

The reported composition of this alloy was 54.5 wt% Cr, 35 wt% Fe, 5.5 wt% Ta, 4 wt%
Mo, 0.5 wt% Ti,and 0.3 wt% Si. A representative example of the cross-sectioned coupon at
100x magnification is shown in Figure 7. It reveals a dual-phase field of alloy, a typical corrosive
intrusion into the sample, and the thin discontinuous poorly attached oxide layer coating the
sample with ash above. Mery areas showed the beginning of pit formation, and none was
observed deeper than 10 pm.

11
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Figure 6. ORNL Cr35-Fe coupons after removal from the SFS.

EEAC JH20763.COR

- ra 1SkVU 188um

Figure 7. Cross section of alloy showing corrosion and ash deposit at 100x
(ORNL Cr35-Fe Coupon A}.
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The matrix of the alloy was analyzed as having a composition of 62 wt%Cr, 34 wt% Fe,
and 4 wt% Mo. Silicon and tantalum were found in trace anounts. The intermetallic phase was
found to have a composition of 44 wt% Ta,24 wt% Fe, 15 wt% Cr, 13 wt% Si, and 4 wt% Mo.
Near the surface matrix, enrichment of iron, tantalum, molybdenum, and silicon was measured.
Iron enrichment was only 6 wt% on average whereas the molybdenum content doubled, silicon
had a threefoldincrease, and tantalumwas found to have a fivefold increase, Chromium content
decreased by 20wt%. The intermetallic phase near the surface was measured to have a decrease
by half of chromium, tantatum, and silicon, with only a slight increase in molybdenum.

The oxide layer was found to be chromium oxide with a few percent iron and silicon.
Thicknesswas fairly uniform, where present, and was measured to be 5—7 pm thick. The top
5 pm of alloy at the oxide interface was highly porous and broken. Figure 8 illustrates the oxide
layer, porous alloy, and ash at a magnification of 1500x. The oxide layer was found to have
reacted significantly with the ash. The iron content of the oxide layer was greatest at the metal
interface and the ash contact zone. Aluminum was measured at 2-3 wt% throughout the oxide
layer. Chromium firon the alloy wes detected in the ash layer at approximatety 2 wt%. Like the
previous sample, oxidation was foundto be the corrosion mechanism. Sulfidation, halide attack,
or ash constituent interaction directly with the alloy was not detected.

Figure 8. Sample surface at 1500x magnification (ORNLCr35-Fe Coupon A).
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NMARL Sample 02-0453 Submitted by Mike Brady, ORNL Cr6-MgO

Sample Description

Shiny gray alloy ring, 12.7 mm high by 25.4 mm diameter, with awall thickness of
6.4 mm.

Postexposure Appearance

Figure 9 shows the sample removed from the holder downstream of the CAH after the
November 2001 test run. Flue gas flow across the alloy was from left to right. As with the other
two samples, the ash depositwas easily separated from the alloy, leaving a thin layer of ash. The

alloy surface was no longer shiny. Instead, it appeared dull dark gray to brown, with no visible
degradationor flaking of the surface.

SEM Analysis

Figure 10 shows atypical example of the cross-sectioned coupon at 100x. It reveals a
triplephase field of alloy, typical corrosion, a discontinuous oxide layer, and the ash above. The
reported alloy composition was 93.2wt% Cr, 6 wt% MgO, 0.5 wt% Ti, and 0.3 wt% La,O,.

Indications of pitting directly under the oxide layer were noted but no evidence of cracking was
observed.

L RC JH20 ‘OR

Figure 9.ORNL Cr6-MgO coupon after removal from the SFS.
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EERC JH20767.CDR

Figure 10. Cross section ofalloy at 100x magnification (ORNL Cr6-MgO Coupon A).

The alloy is composed of a chromium matrix with a La-rich phase and a Mg-rich phase.
The La-rich phase was analyzed and found to contain 63 wt% La, 22 wt% Ti, 13wi% Cr, and
2 wt% Mg. The Mg-rich phase was found to contain 21 wt% Mg, 48 wt% Cr, and 31wt%Ti.
Near the surface of the alloy, the lanthanum could only be detected in trace amounts. The Mg-
rich phase near the surface was found to lose all but a few percentage of titanium and chromium.

The oxidation layer was irregular in thickness and broken in areas. An average thickness
was measured to be 5 pm. The layer also appeared to be poorly attached to the alloy. Figure 11
shows an example of the oxide layer and ash on the alloy at a magnification of 1500x. Iron was
found in the oxide layer grading from “not detected” at the alloy interface to as high as 8 wt% at
the ash interface. Trace amounts of aluminum and silicon were also detected in the oxidation
layer. Chromium wes found as high as 5 wt% In the ash above the layer. The ash layer was well
adhered to the oxide layer. Evidence of sulfidation or halide attack could not be detected.
Oxidation appearsto be the corrosion mechanism for this alloy as well, with some interaction of
iron from the ash with the oxiide layer and some dissolution of the chromia into the ash deposit.
Sulfidation, halide attack, or ash constituent interaction directly with the alloy was not detected.
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EERC 82 8453

Figure 11. Alloy, oxide layer, and ash deposit at 1500x magnification
(ORNL Cr6-Mg0O CouponA).

CONCLUSION

Al three of the Oak Ridge samples formed a chromia layer on their surfaces. The chromia
layers were more bonded to the ash deposit than the alloy and tended to separate from the alloy
with the ash deposit leaving only a thin chromia layer behind. The chromia dissolved partially
into the deposits and limited amounts of ash constituents dissolved into the chromia layer. This is
common for chromia layers formed on other alloy samples analyzed previously. The presence of
hollow pores below the layer indicates the loss of alloy material, and the discontinuous nature of
the layer further indicates lessened protection tothe alloy, although there is much better
protection than If no chromium were present. Sulfidation, halide attack, or ash constituent
interaction directly with the alloys was not detected.
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