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The Advanced Coal Liquefaction Research and Development

Facility in Wilsonville, Alabama, is funded by the U. S. Depart-

ment of Energy (DOE), the Electric Power Research Institute

(EPRI), and Amoco Corporation. On behalf of these organizations,

Southern Company Services manages and Southern Clean Fuels

Division of Southern Electric International operates the Wilson-

ville facility. Oak Ridge National Laboratory (ORNL) receives

funding from DOE to provide materials technical support to the

Wilsonville operators.

During the early years of operation, the Wilsonville facili-

ty was operated in the SRC-I mode and utilized a single thermal

reactor to produce a solid product. A catalytic second reactor

was added in the early 1980s to permit operation in a two-stage

liquefaction mode and to improve the yield of liquid products.

After several years of operation with various ash removal tech-

niques, a critical solvent deashing facility was installed.

The involvement of engineers from ORNL's Metals and Ceramics

Division with the Wilsonville facility began in 1979 when severe
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corrosion problems were encountered in the TI05 atmospheric

distillation column. To characterize the TI05 corrosion, ORNL

began a corrosion sample program as well as a study of failed

components. An extensive program to identify the corrosive

constituents of the process liquids was initiated at ORNL, and

the result of all these studies was the identification of struc-

tural materials resistant to the corrosive attack in TI05,

determination of the composition of the corrosive materials, and

recommendation of means to avoid the corrosive attack.

The involvement of ORNL engineers with the Wilsonville

facility has continued; albeit at a significantly reduced level.

Corrosion coupons and/or u-bend samples supplied by ORNL have

been and continue to be exposed in most vessels that operate at

significantly elevated temperature and are large enough to hold

samples. Additionally, analyses have been performed on numerous

components that have failed or shown appreciable degradation

during service. Recommendations of materials for specific

service applications are also made upon request from Wilsonville

engineers.

For the period July 1987 through November 1990 the plant was

operated with the two reactors in a close-coupled integrated two-

stage liquefaction (CC-ITSL) mode. Coal processed was obtained

from several seams including Ohio No. 6, Illinois No. 6, and

Pittsburgh No. 8, as well as Texas lignite and several subbi-

tuminous coals. Figure 1 shows the schematic process diagram for

the CC-ITSL mode. Corrosion samples which were removed for
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examination at the end of this period were exposed in the TI02

vacuum distillation tower, the TI05 atmospheric distillation

tower, the V1258 high pressure separator, and the R1235 first

stage reactor.

CORROSION SAMPLE STUDIES

Two types of corrosion samples are used at Wilsonville;

corrosion coupons and u-bend samples. The coupons are nominally

5.1 cm (2 in.) squares of sheet material which provide infor_,a-

tion about general corrosion rates. The u-bend samples are

intended to provide information on stress corrosion crack:_ng, but

general corrosion information can also be derived by weighing the

samples before and after exposure in the same manner used for the

corrosion coupons. The samples removed during the November 1990

shutdown included seven racks of corrosion coupons and three

racks of u-bend samples.

Two racks of corrosion coupons were removed from the TI02

vacuum distillation tower. The samples had been exposed a total

of 13,548 hours with one rack at the upper manway where the

temperature was 232-288°C (450-550°F) and the other rack at the

lower manway where the temperature was 316-343°C (600-650°F).

The calculated corosion rates for the samples exposed at the

upper manway are shown in Table 1, and these indicate that even

carbon and low alloy steels corroded at a rate less than 0.127

mm/y (5 mil/y). The coupons exposed at the lower manway were

subjected to somewhat higher temperatures, but the calculated

corrosion rates listed in Table 2 are only slightly higher. For

3



i6

_o

i

both racks of s_mples exposed in TI02, negligible corrosion rates

were measured for the austenitic and duplex stainless steels as

well as the nickel-base alloy Haynes 263.

The TI05 atmospheric distillation tower actually contains

eleven racks of ORNL-supplied samples. Five racks of corrosion

coupons are mounted on selected trays so that local variations of

corrosion can be closely monitored. These racks are located in

the portion of the column where the amine hydrochloride corrosion

problem was previously encountered. These sample racks can only

be removed and examined when the trays are removed from the

tower, so examination is infrequent and was not performed this

time. The other six racks consist of three u-bend and three

coupon racks with one of each type mounted on the top, middle,

and bottom manway covers.

The sample racks mounted on the top manway cover of TI05

were exposed for 16,301 hours at 149-204°C (300-400°F). Calcu-

lated corrosion rates for the coupons are shown in Table 3, and

these indicate that the corrosion rates for chromium-molybdenum

steels decrease with increasing alloy content but are probably

excessive for long-time use. The more highly alloyed iron-base

alloys all had corrosion rates below 0.076 mm/y (3 mil/y).

Corrosion rates calculated for the u-bend samples are shown in

Table 4, and they match up very well with the rates of the

coupons in the same location. Corrosion rates for the austenitic

and nickel base alloys are well within acceptable limits.

As shown in Table 5, the coupons mounted at the middle
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manway had corrosion rates very similar to those on the top

manway rack even though the temperature, 204-260°C (400-500°F),

was somewhat higher. Carbon steel corroded at a rate of about

0.51 mm/y (20 mil/y) while the austenitic stainless steels were

all below 0.051 mm/y (2 mil/y). The u-bend samples exposed at

the middle manway had corrosion rates (Table 6) slightly higher

than the coupons at the same location and almost identical to the

rates of the u-bends exposed at the cooler upper manway.

The samples located on the bottom manway cover were at an

even higher temperature [260-316°C (500-600°F)], but calculated

coupon corrosion rates were lower as shown in Table 7. Carbon

steel corroded at a rate about one third that at the higher,

cooler manways, and the austenitic stainless steels all corroded

at a rate no greater than 0.007 mm/y (0.3 mil/y). Corrosion

rates calculated for the u-bend samples are shown in Table 8,

and, they compare very well with those for coupons exposed in the

same location. Again, corrosion rates for the austenitic and

nickel base alloys are well within acceptable limits.

Vessel V1258, the high pressure separator, is not used in

all modes of operation, consequently, the exposure time for

samples in this vessel was only 7325 hours during the 40 month

exposure period. The vessel operates at relatively high tempera-

ture, 399-454°C (750-850°F), and, as a result the corrosion

rates of carbon and chrome-moly steels were quite high. As

indicated in Table 9, modified 9 Cr-i Mo steel had a corrosion

rate of 0.509 mm/y (20.0 mil/y), and the alloys with lower
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chromium content corroded so extensively that the identifying

marks were removed. Alloys with chromium content of 12% or

greater had corrosion rates less than 0.051 mm/y (2.0 mil/y).

Corrosion samples have also been exposed in the reactor

vessels; for this period samples were only exposed in R1235.

Because of the limited space available and the small diameter of

the nozzle through which the samples are inserted, smaller

coupons are required, and, consequently, the exposed surface is

considerably less. Calculated corrosion rates for coupons

exposed 16,301 hours at a temperature of 404-457°C (760-855°F) in

R1235 are given in Table I0. These results show that corrosion

rates are no greater than 0.051 mm/y (2.0 mil/y) for iron and

nickel base alloys that contain at least 17% chromium.

CHLORIDE STRESS CORROSION CRACKING STUDIES

The two reactor vessels, R1235 and R1236, are both con-

structed of austenitic (300 series) stainless steels and, conse-

quently, are vulnerable to chloride stress corrosion cracking

provided the operating conditions satisfy certain prerequisites

of chlorine concentration, stress and temperature. The top cover

flanges of the reactors each have several pipes which are at-

tached to the covers by welds. The temperature at the top of the

reactors and in these pipes decreases with distance from the

center of the reactor so that conditions could be such that

aqueous condensation will occur at some point in the system. In

addition, stresses could be significant because of a combination

of thermal stresses and residual stresses. Since chlorine is
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present in the feed coal, special attention has been paid to the

reactor covers and to the internal components of the reactors.

In fact, brittleness has been reported in the stainless steel

sheaths of thermocouples in the reactors. Several years ago, a

field metallographic examination was performed on one of the

reactor covers, and no evidence of chloride stress corrosion

cracking was found on the inside surface of the stainless steel

cover. Examinations of thermocouple sheaths have also been

performed, most recently on thermocouples which were removed

during the November, 1990 shutdown because they were found to be

"brittle". Again, after examination by light microscopy and

energy dispersive x-ray analysis no evidence of chlorine or

cracking of the alloy 825 sheaths was found.

Cracking was encountered in the stainless steel transfer

line to exchanger ?E-103? and this degradation was attributed to

chloride stress corrosion cracking. Heat tracing was temporarily

used to control the problem, but eventually the line was replaced

with alloy 825 which has not experienced any cracking.

EROSION OF PUMPS AND LINES

Possibly the most serious unresolved materials problem

currently encountered at Wilsonville is erosion of metallic

components by streams carrying catalyst and/or ash. Erosion of

the stellite coated liners and impellers in the ebullating pumps

is a continuing problem. Various surface treatments and coatings

have been evaluated, but a satisfactory material has not been

found. Currently a test is being conducted on a CD4CMU pump
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buffer plate with a chromium carbide coating applied by the

packed cementation process of Sequa Engineered Services. Results

will be available in early 1992.

Erosion of letdown valves also continues to be a problem.

Letdown valve LV5403 is located in the line between high pressure

separator V-1247 and overhead flash vessel V1250. Because of

erosion the tungsten carbide trim in this valve is replaced

weekly. Recycling of ash is desirable because it improves the

coal conversion rate, but increased trim erosion is an undesir-

able result of ash recycling.

Another area where erosion is especially troublesome is in

the recirculation loop on the vacuum flash vessel. Dowtherm at

600-650°F in the pipe jacket is used as a heating media for the

high solids content bottoms material being recirculated. The

excessive erosion of the lines results in leakage of Dowtherm

into the product.

SD_AR¥

Materials degradation at the Wilsonville Coal Liquefaction

Facility is being monitored by means of corrosion samples and

component examinations. The corrosion samples removed during the

November 1990 shutdown indicated relatively low corrosion rates

for austenitic stainless steels in all areas studies. In many

areas corrosion rates of lower alloy materials were acceptable.

Concerns about the possibility of chloride stress corrosion

cracking in the reactors have not been substantiated by any of

the component examinations. Cracking in a stainless steel line
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that was likely due to chloride SCC was apparently eliminated by

switching to alloy 825.

Erosion continues to be a problem in the lines, pumps and

valves used for transporting streams having a high solids con-

tent.
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Figure i Simplified process flow sheet for the Wilsonville Coal

Liquefaction Research and Development Facility when operating in

the close-coupled integrated two-stage liquefaction mode.





Material Calculated Corrosion Rate*

mm/y mil/y

2.25 Cr - 1 Mo 0.107 4.2

Carbon Steel 0.105 4.1

5 Cr - 1 Mo 0.054 2.1

7 Cr - 1 mo 0.046 1.8

Modified 9 Cr - 1 Mo 0.009 0.4

Type 409 Stainless Steel 0.006 0.2

Type 304 Stainless Steel <0.003 <0.i

Type 316 Stainless Steel <0.003 <0.I

Type 321 Stainless Steel <0.003 <0.i

Type 347 Stainless Steel <0.003 <0.i

SAF 2205 (duplex steel) <0.003 <0.i

Ferralium (duplex steel) <0.003 <0.i
18 Cr - 1 Mo <0.003 <0.i

Haynes 263 <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 1 Calculated corrosion rates for corrosion coupons exposed

for 13,548 hours at the upper manway cover of the TI02 vacuum
distillation tower.

Material Calculated Corrosion Rate*

mm/y mil/y

2.25 Cr - 1 Mo 0.133 5.2

Type 409 Stainless Steel 0.105 4.1
5 Cr - 1 Mo 0.096 3.8

7 Cr - 1 mo 0.081 3.2

Carbon Steel 0.072 2.9

Modified 9 Cr - 1 mo 0.066 2.6

18 Cr - 1 Mo 0.041 1.6

Haynes 263 <0.003 <0.I
Ferralium <0.003 <0.i

SAF 2205 <0.003 <0.I

Type 304 Stainless Steel <0.003 <0.i

Type 321 Stainless Steel <0.003 <0.I

Type 347 Stainless Steel <0.003 <0.i

Type 316 Stainless Steel <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 2 Calculated corrosion rates for corrosion coupons exposed

for 13,548 hours at the lower manway cover of the TI02 vacuum
distillation tower.
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Material Calculated Corrosion Rate*

mm/y mil/y

Carbon Steel 0.467 18.3

5 Cr - 1 Mo (heat 5) 0.251 9.9

5 Cr - 1 Mo (heat 6) 0.247 9.7

7 Cr - 1 Mo (heat 8) 0.216 8.5

7 Cr - I Mo (heat 7) 0.208 8.2
Modified 9 Cr - i Mo 0.188 7.4

9 Cr- I Mo 0.138 5.4

Type 304 Stainless Steel 0.067 2.6
18 Cr - 1 Mo 0.064 2.5

Type 316 Stainless Steel 0.046 1.8

Type 317LM Stainless Steel 0.028 I.i

Incoloy 800 0.028 1.1

Incoloy 825 0.026 1.0
29 Cr - 4 Mo 0.023 0.9

Haynes 263 0.011 0.4
Titanium <0. 003 <0.1

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 3 Calculated corrosion rates for corrosion coupons exposed

for 16,301 hours at the top manway of the TI05 atmospheric
distillation tower.

Material Calculated Corrosion Rate*

mm/y mil/y

Welded Type 410 Stainless Steel 0.152 6.0

Welded Type 304L Stainless Steel 0.066 2.6

Welded Type 321 Stainless Steel 0.062 2.4
Ferralium 0.051 2.0

Welded Type 316 Stainless Steel 0.046 1.8

Welded Type 310 Stainless 3teel 0.043 1.7

Welded Type 317L Stainless Steel 0.041 1.6
Welded Inconel 625 0.019 0.7

Welded Hastelloy C-276 <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 4 Calculated corrosion rates for u-bend samples exposed

for 16,301 hours at the top manway of the TI05 atmospheric
distillation tower.
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• Material Calculated Corrosion Rate*

mm/y mil/y

Carbon Steel 0.535 21.0
Monel 400 0.064 2.5
Type 316 Stainless Steel 0.044 1.7
Type 321 Stainless Steel 0.042 1.6
Carpenter 20Cb3 0.039 1.6
Alloy 904L 0.037 1.4
Type 317LM Stainless Steel 0.025 i.0
Crutemp 25 0.023 0.9
Incoloy 825 0.019 0.7
Haynes 20 mod 0.017 0.7
Crucible 6M 0.013 0.5
Inconel 600 0.006 0.2
Haynes 263 0.004 0.2
Titanium <0.003 <0.I
Hastelloy C-276 <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material
from exposed surfaces.

Table 5 Calculated corrosion rates for corrosion coupons exposed
for 16,301 hours at the middle manway of the TI05 atmospheric
distillation tower.

Material Calculated Corrosion Rate e

mm/y mil/y

Welded Type 410 Stainless Steel 0.147 5.8
Welded Type 310 Stainless Steel 0.068 2.7
Welded Type 304L Stainless Steel 0.067 2.6
Welded Type 321 Stainless Steel 0.057 2.3
Welded Type 316 Stainless Steel 0°054 2.1
Welded Type 347 Stainless Steel 0.049 1.9
Welded Type 317L Stainless Steel 0.030 1.2
Welded Inconel 625 0.015 0.6
Welded Hastelloy C-276 <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material
from exposed surfaces.

Table 6 Calculated corrosion rates for u-bend samples exposed
for 16,301 hours at the middle manway of the TI05 atmospheric
distillation tower.
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Material Calculated Corrosion Rate*

mm/y mil/y

Monel 400 0.241 9.5

Carbon Steel 0.161 6.3
9 Cr - i Mo 0.046 1.8

Type 317LM Stainless Steel 0.008 0.3

Type 316 Stainless Steel 0.005 0.2

Incoloy 825 0.003 0.I

Carpenter 20Cb3 0.003 0.i

Type 304 Stainless Steel <0.003 <0.I

Haynes 20 Mod <0.003 <0.I
Crucible 6M <0.003 <0.i

Type 321 Stainless Steel <0.003 <0.i

Hastelloy C-276 <0.003 <0.i

Haynes 263 <0.003 <0.I

Alloy 904L <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 7 Calculated corrosion rates for corrosion coupons exposed

for I_,301 hours at the bottom manway of the TI05 atmospheric
distillation tower.

Material Calculated Corrosion Rate*

mm/y mil/y

Welded Type 410 Stainless Steel 0.038 1.5

Welded Type 310 Stainless Steel 0.004 0.2

Welded Type 347 Stainless Steel 0.004 0.i

Welded Type 304L Stainless Steel 0.003 0.i

Welded Type 321 Stainless Steel <0.003 <0.i
Welded Type 317L Stainless Steel <0.003 <0.i

Welded Type 316 Stainless Steel <0.003 <0.I

Welded Hastelloy C-276 <0.003 <0.i
Welded Inconel 625 <0.003 <0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table 8 Calculated corrosion rates for u-bend samples exposed

for 16,301 hours at the bottom manway of the TI05 atmospheric
distillation tower.
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Material Calculated Corrosion Rate*
mm/y mil/y

Carbon Steel t t
2.25 Cr - 1 Mo t t
5 cr - i Mo t t
7 Cr - 1 Mo t t
Modified 9 Cr - 1 Mo 0.509 20.0

Type 409 Stainless Steel 0.047 1.8
Type 304L Stainless Steel 0.046 1.8
Type 304 Stainless Steel 0.026 1.0
Type 347 Stainless Steel 0.019 0.8
Incoloy 825 0.012 0.5
Carpenter 20 Cb3 0.010 0.4
18 Cr - 2 Mo 0.005 0.2
SAF 2205 0.005 0.2
Ferralium 0.003 0.i
Inconel 625 <0.003 <0.I

Alonized Type 310 SS <0.003 <0.i
t Weight losses were so great that sample identification markings
were destroyed.

* Corrosion rates calculated assuming uniform removal of material
from exposed surfaces.

Table 9 Calculated corrosion rates for coupons exposed for 7,325
hours in the V1258 high pressure separator.
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Material Calculated Corrosion Rate*

mm/y mil/y

Type 409 Stainless Steel 0.149 5.9

Type 304 Stainless Steel 0.051 2.0

Type 321 Stainless Steel 0.049 1.9
SeaCure 0.026 1.0

Type 316 Stainless Steel 0.025 1.0

Hastelloy G 0.025 1.0

Type 347 Stainless Steel 0.022 0.9

Incoloy 800 0.022 0.9

Haynes 20 Mod 0.015 0.6

Incoloy 825 0.015 0.6
SAF 2205 0.006 0.3

Hastelloy C-276 0.006 0.2
Inconel 625 0.005 0.2

26 Cr - 1 Mo 0.004 0.i

253 MA >0.003 >0.i

* Corrosion rates calculated assuming uniform removal of material

from exposed surfaces.

Table I0 Calculated corrosion rates for coupons exposed 16,301

hours through a nozzle near the top of the first stage reactor
R1235.

Acknowledgement

This research was sponsored by the U.S. Department of Energy Fossil Energy AR & TD

Materials Program under contract DE-AC05-84OR21400 with Martin Marietta Energy
Systems, Inc.

16



WILSONVILLE OPERATING CONDITIONS

_ Two close-coupled reactors were operated in the
thermal/catalytic mode in a manner to produce high
distillate yields.

The Residuum Oil Supercritical Extraction-Solids
- Rejection (ROSE-SRSM) unit was used to separate

ash and unconverted coal from resid.

_ Coals used for plant operation included bituminous
coals from Ohio No. 6, Illinois No. 6 and Pittsburgh No.
8 seams, Texas lignite and selected subbituminous
coals.
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ORNL CONTINUES TO PROVIDE MATERIALS
ASSISTANCE

Racks of corrosion samples are provided for exposure
- in selected vessels and are examined when

periodically removed.

_ Failed or degraded components are examined at
ORNL to determine the cause of degradation.

Evauations of alternate materials are made upon
requested.

Recommendation of substitute materials are made
when requested.
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POSSIBILITY OF CHLORIDE STRESS
CORROSION CRACKING IN REACTORS HAS

BEEN INVESTIGATED

_ lt is likely that conditions in the reactor vessels satisfy
the requirements for chloride stress corrosion cracking.

_ The top cover flange of reactor R1235 has been
examined for evidence of chloride stress corrosion
cracking.

_ Thermocouples in the reactors have become brittle in
certait, regions, but chloride stress corrosion cracking
could not be confirmed.



CHLORIDE STRESS CORROSION CRACKING IN
OTHER AREAS IS SUSPECTED

Stainless steel transfer line to heat exchanger E103
had to be replaced several times because of cracking
failures.

_ Cracking was not observed after heat tracing of line
and rerouting to eliminate low points where aqueous
condensate could collect.

_ Replacement of stainless steel with alloy 825 was used
as permanent solution to cracking problem.
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EROSION CAUSES SERIOUS PROBLEMS IN
SEVERAL AREAS

Erosion of liners and impellers results in rapid
degradation of ebullating pumps.

Letdown valve trim has to be replaced weekly in lines
carrying heavy ash loading.

Jacketed lines used for recirculating the vacuum flash
bottoms experience excessive erosion resulting in
Dowtherm leaks.
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SUMMARY

_ Corrosion coupons and u-bend samples are used to
monitor corrosion in vessels at the Wilsonville Coal
Liquefaction Facility.

_ Calculated corrosion rates for samples exposed from
July 1987 until November 1990 did not identify any
areas where corrosion of stainless steel was
unacceptably high.

_ lt is suspected that chloride stress corrosion cracking is
responsible for the failure of certain stainless steel
lines, but examination of components has not
confirmed this.

_ Erosion continues to be a problem in the lines, pumps
and valves used for transporting streams having a high
solids content.
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" COMPOSITION OF ALLOYS USED FOR CORROSION SAMPLES

Material Composition (Nominal wt %)

Fe Ni Cr Mo C Mn Other
Carbon Steel Bal 0.20 0.45
2.25 Cr- 1 Mo Bal 2.25 1 0.13 0.4
5 Cr- 1 Mo Bal 5 1 0.09 0.34
7 Cr-1 Mo Bal 7 1 0.09 0.34
9 Cr-1 Mo Bal 9 1 0.09 0.34
Modified 9 Cr-1 Mo Bal 8.5 0.95 0.10 0.40 0.21 V, 0.08 Nb, 0.05 N
18 Cr-2 Mo Bal 1.0M 18.5 2.1 0.025M 1.0M 0.8M Ti+Nb, 0.025M N
26 Cr- 1 Mo Bal 26 1 0.002 0.05 0.01 N
29 Cr-4 Mo Bal 29 4 0.0lM 0.3M 0.02M N
SeaCure Bal 2.5 26 3 0.025M
Type 409 SS Bal 11 0.08M 1.0M 0.75M (6xC-m) Ti
Type 410 SS Bal 12 0.15M
SAF 2205 Bal 5.5 22 3 0.03M 0.14 N
Ferralium(Alloy 255) Bal 5.5 26 3 0.04M 0.8 1.7 Cu, 0.17 N
Type 304 SS Bal 9.5 18.5 0.08M
Type 304L SS Bal 10 18.5 0.03M
Type 310 SS Bal 20 25 0.25M
Type 316 SS Bal 12 17 2.25 0.08M
Type 317L SS Bal 14 19 3.5 0.03M
Type 317LM SS Bal 14 19 4.25 0.03M
Type 321 SS Bal 11 18 5xC-m Ti
Type 347 SS Bal 11 18 10xC-m Nb+Ta
Incoloy 800 45.5 32.5 21 0.05 0.4 Ti, 0.4 A1
Incoloy 825 30 42 21.5 3 0.03 2.2 Cu, 0.9 Ti, 0.1 A1
Crutemp 25 Bal 25 25 0.06 1.5
Haynes 20 mod (M532)Bal 26 22 5 0.05M 2.5M 4xC-m Ti
Crucible 6M Bal 25 20 6 0.03 1.8
Carpenter 20Cb3 Bal 34 20 2.5 0.06M 3.5 Cu, 8xC-m Nb+Ta
Alloy 904L Bal 25 20 4.5 0.02M 1.7 1.5 Cu
253 MA Bal 11 21 0.08 0.8 0.17 N, 0.04 rare earths
Haynes 263 0.7M Bal 20 5.9 0.06 0.6M 20 Co, 0.2M Cu, 2.6 AI+Ti
Inconel 600 8.0 76 15.5 0.08 0.5 0.2 Cu
Inconel 625 2.5 61 21.5 9.0 0.05 0.2 0.2 Al, 0.2 Ti, 3.6 Nb+Ta
Hastelloy G 19.5 44 22.2 6.5 0.05M 1 W, 2.0 Cu, 2.1 Nb+Ta
Hastelloy C-276 5.5 Bal 15.5 16 0.02M lM 4 W, 2.5M Co, 0.35M V
Monel 400 1.1 66 0.2 1 31.5 Cu
Titanium 0.13 0.010 0.008 N, Bal Ti

"M" designates maximum
"m" designates minimum






