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Concept and Goal of the Coating Design

« Coefficient of thermal
expansion (CTE) mismatch
between coating and substrate

« Coating is brittle

FeAl
« Coating thickness is too high

interdiffusion zone
material

Cyclic and isotherm oxidation
of Al coated materials
* Interdiffusion of Al into the inner
substrate
* Crack formation within the coating
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Figure 1: Cross sections of an Al coated austenitic steel and
Ni-base alloy with brittle phases and cracks.

Coating Design

Thermodynamic Consideration
Kinetic Consideration

Figure 2: lllustration of the coating design procedure.

Determination of
Pack Process Parameter
* Powder Composition
* Process Temperature

* Process Time interdiffusion zone

material

Prediction of Coating Structure

* Intermetallic Phases
(B-FeAl or NiAl phase)

interdiffusion zone

terial
* Coating Thickness material
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Figure 3: Cross sections of an Al coated austenitic steel and
Ni-base alloy with the desired B-phases without cracks.
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Approach of the Coating Design

Thermodynamic Consideration

Pack Cementation Process
* Gaseous diffusion step (Al chlorides diffuse from powder pack
to the substrate surface)
« Solid state diffusion step (Al chlorides dissociate on the substrate surface
and Al diffuses into the substrate)
* Solid state diffusion is assumed to be the rate limiting step

Step 1:
Calculation of the

Al activity within
the intermetallic
phase, that can
occur due to the
coating process
(B-FeAl, B-NiAl,
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Figure 4: Via FactSage calculated Al, Fe and Ni activities
Step 2: within the Fe-Al and Ni-Al systems at 1000°C.
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and the Al activity within the pack.
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and filler Al,O;.

Kinetic Consideration
* Kinetic considerations are based on Fick’s first law
* Linearization of the concentration gradient between the pack/coating and
coating/substrate interfaces (Figure 6) leads to an analytical, instead of a
numerical solution of the differential equation.
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phase

q: constant

Aa: Al activity difference
between the pack
and the substrate

t: process time.
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Figure 6: lllustration of the linearization o2l _

of the Al activity differences.
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Step 1: coating of the material at three
different process temperatures
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Diffusion coefficient (m2/s)

Step 2: determination of the diffusion
coefficient D of Al in B-FeAl or B-NiAl via
Matano analysis at these temperatures ovb—0

Reciprocal temperature (1000/K)
Figure 7: Plotting of the diffusion
coefficient vs. Temperature.

Step 3: determination of the pre-factor of D,
and the activation energy E, for Al diffusion in
the intermetallic phase by plotting /nD(T) vs. 1/T
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Application of the coating design model

Development of a B-FeAl coating on a material/diffusion element couple

1. Thermodynamic calculation of the appropriate pack powder mixture and
process temperature in order to achieve a B-FeAl coating.

2. Three test coating procedures at different process temperatures

3. Determination of the diffusion coefficient D of Al in B-FeAl via Matano

analysis

4. Determination of Dy and the activation energy E, for Al diffusion in B-FeAl by

plotting InD(T) vs. 1/T

5. Prediction of the coating properties for all other process parameters for every

alloy and coatin,
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Table 1: Comparison of predicted and measured coating thicknesses.

| 00000000 msis1 |00 AsI3t4 Alloy 800

measured predicted predicted measured
coating coating co; coating coating
thickness hi ickness thickness ckness
1wt.% Al, 800°C 12pm 11 ym 9um 8.5um 3.9 pm 3.5pum
1wt.% NH,CI, 900°C 25.3 pm 24 um 23um 22 ym 19.9 ym 18.5ym
98wt.%Al,0;  1000°C 50 ym 50 ym 51pm 51pm 54 um 54 um
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