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SECTION III

TEST RIG AND ENVIRONMENT

The program was conducted on a laboratory test rig which has been used for high tem-
perature alloy and coating evaluation and has shown correlation with sea salt ingestion
engine tests conducted at Allison. The laboratory rig is capable of producing sulfidation-
oxidation corrosion basically the same ar that found on turbine components returned from
service or subjected to the accelerated turboprop engine test. Standard T56 turbine
blades were used as test specimens (Figure 2). Each test cycle consists of heating 16
rotating (1800 rpm) turbine blades in a furnace to a preselected temperature after which
the entire unit is retracted into a cooling chamber. Here it is sprayed with an aspirated
solution of deionized water and 1% sulfate ion supplied as water-soluble sodium sulfate
(NapSOy4). A cycle consists of 1.5 minutes heating time and 0, 5 minutes cooling by the
sodium sulfate solution, The test has been standardized at 500 cycles.

TEST RIG ATMOSPHERE CONTROLS

A sampling station was built into the fire chamber and a gas analyzer was employed for
periodic evaluation of the combustion products.

Sixteen-position test fixture and T56 turbine blade test specimens for the Allison
sulfidation test rig. (magn 1X)

Figure 2. Hot corrosion rig test fixture and test blades.
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Alloy Alloy Alloy 713C +
7:3C 713C + Cr Cr>Y Mar-M421 Inco 717

As cast condition

Mar-M246 PDRL 163 IN-728 NX GMR-235 IN-100

As cast condition

Alloy Alloy Alloy 713C +
713C 718C + Cr Cr+¥ Inco 717 IN-100

Heat treated condition

Surface conditions (concave side) of test specimens after exposure in th
oxidation test rig. (Test No. S-2) (Magn 1X) ‘

e sulfidation- .

Figure 8. Test blades after 500-cycle test--1700°F cyclic temperature.
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Alloy Alloy Alloy 713C +
713C 713C +Cr Cr+Y

As cast condition

Mar-M421 Inco 717

PDRL 163 IN-728 NX GMR~235 IN-100

As cast condition

Mar-M246

Alloy Alloy Alloy 713C +
713C 713C +Cr cre+YyY Inco 717

Heat treated condition

IN-100

Surface conditions (concave side) of

test specimens

oxidation test rig. Test No. S-21 (Magn 1X)

Figure 9. Test blades after 500-cycle test—1800°F cyclic temperature.
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Alloy Alloy Alloy 713C +
713C 713C +Cr Cr+Y Mar-M421 Inco 717

l l l l ‘
-

As cast condition

Mar-M246 PDRL 163 IN-728 NX GMR~235 IN-100

As cast condition

Alloy 10)’ Alloy 713C +
713C 4HC +Cr Cr+Y Inco 717 N-100
Heat treated con "
Surface conditions (concave side) of test specimens after exposure in the sulfidation-

oxidation test rig. Test No. S-41 (Magn 1X)

Figure 10. Test blades after 500-cycle test—1900°F cyclic temperature.
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Alloy Alloy 713C Alloy 713C
713C +Cr +Cr+Y Mar-M421 Inco 717

As-cast condition

Mar-M246 PDRL 163 IN-728 NX GMR-235 IN-100

As-cast condition Magn 1X

Figure 11. Test blades after 500-cycle test—2000°F cyclic temperature.










































713C after testing (left) and after caustic cleaning (right) following
2000°F cyclic test (magn 3x)

Figure 23. Alloy 713C test blades from 2000°F test after testing and after cleaning.
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IN-100 after testing (left) and after caustic cleaning (right) fol’owing
2000°F cyclic test (magn 3x).

Figure 24. IN-100 test blade from 2000°F test after testing and after cleaning.
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Figure 43.

Magn 1000X

Magn 2500%

Light and electron micrograph of corrosion on Inco 717
after 1900°F cyclic test.
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Microprobe traverse on Alloy 713C —1800°F cyclic test.

Relative composition

e T

Location Oxide Depletion Sulfide Depletion zone Matrix Matrix
on traverse —a zonea-f~7 Y sulfides Y@ interface 0

Element

Nickel* 51-81 78-92 28 65-91 72 72
Chromium#* 1-6 1 29 1-12 12 13.2
Sulfur#** 2-5 1-4 93 2-23 1 1
Aluminum* 9-26 2(814) 2 2-3 4.5 6.3
Molybdenum* 41/2-6 21/2-4 21/2 21/2-3 4 4.7
Niobium#*# 3-7 2-3 4 3 1 s
Titanium#** 1-7 1 11/2 1/2 2 21/2

* Approximate weight percent
**+X -ray intensity —compare with matrix

Figure 44. Microprobe traverse acrose corrosion area of Alloy 713C

after 1800°F cyclic test.
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Microprobe traverse on Alloy 713C—1900°F cyclic test.
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Etchant: ferric chloride No. 2

Relative composition

Location Oxide Depletion Sulfide Interface Matrix
on traverse a zone B—Y Y Y~

Element

Nickel* 30-60 86-88 22 72 72
Chromium* 4-18 1-2 27 12 13.2
Sulfur** 2-15 2-3 77 11/2 11/2
Aluminum#* 5-32 2-3 2 6 6.3
Molybdenum* 11/2 4-5 31/2 41/2 4.7
Niobium** 1-3 - 11/2 11/2 11/2
Titanium** 2-10 1-2 8 5 5

* Approximate weight percent

** X -ray intensity —compare with matrix

Figure 45. Microprobe traverse across corrosion area of Alloy 713C
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Magn. 500X Etchant: ferric chloride No. 2

' Microprobe traverse on modified chromium alloy 713C.

Relative Composition

Location Oxide Depletion Oxide Depletion Sulfide Matrix
on traverse —a zcne a—f B zone B — Y 0
Element
Nickel* 20-45 84-87 59 68-86 35 70
Sulfur** 21/2-4 2-4 2 2 80 2
Titanium** 20-40 3-4 3 21/2 10 12 1/2
4 15.7

Chromium* 7-16 11/2-2 11/2 11/2-2 23
Molybdenum * 2 4-7 Rl 3-4 4 4.7
Niobium*#* 2-11 2-21/2 2 2-3 3 4

’ Aluminum#* 10-35 2 8 3 21/2 5.9

* Approximate weight percent
** X -ray intensity —compare with matrix

Figure 46. Microprobe traverse across corrosion area of Alloy 713C + 2%
Cr after 1800°F cyclic test.
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Magn 500X
Microprobe traverse on Inco 717 —1800°F cyclic test.

Etchant: ferric chloride No. 2

Relative composition

Location Oxide scale Depletion zone Sulfide Depletion zone Matrix Matrix
on traverse a=p i Y sulfides, ¥- 0 | Interface 0

Flement

Nickel®* 25-48 76-87 71 73-84 66 66
Cobalt* 3-12 7-11 8 8-9 101/2 10.5
Aluminum®* 7-16 4-5 4 41/2-5 6 7.1
Sulfur** 8-15 16-21 76 25-77 10 10
Chromium®* 4-8 2 6 3-31/2 12 12.0
Titanium** 16-65 3-5 6 4-12 18 20
Molybdenum* 1-11/2 2-4 4 31/2-4 31/2 4.2
Niobium®** 3-15 2-3 21/2 21/2-7 5 5

* Approximate weight percent

#*#* X.-ray intensity —compare with matrix

Figure 47. Microprobe traverse across corrosion area of Alloy 717
after 1800°F cyclic test.
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Microprobe traverse on GMR-235—1800 °F cyclic test.

Relative composition

Location Depletion Oxide, sulfides Sulfide Depletion Sulfide Matrix
on traverse zone a = B-= Y zone, ¥ -0 ]

Element

Iron* 10 3-11 3 8-10 8 10.4
Nickel 76 -85 10-79 20 65-85 60 66
Sulfur** 2-3 3-59 45 1-2 (peak to 40) 62 1
Chromium®* 11/2-2 31/2-18 10 11/2 15 15.3
Titanium 1-11/2 4-30 15 1/2 4 6
Aluminum#* 2 2-17 17 2 21/2 2.6
Molybdenum* 6-8 3-14 33 6-8 8 6.2

* Approximate weight percent
** X .-ray intensity —compare with matrix

Figure 48. Microprobe traverse across corrosion area of GMR-235

after 1800°F cyclic test.
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