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Background

* Rare earth silicates (RE,Si,O,, RE,SiO;) are currently being utilized as
topcoat materials for current-generation environmental barrier

coatings (EBCs)

* The primary role of the topcoat is to act as a recession barrier

steam l steam

RE silicate

RE silicates are also subject to recession in water vapor.

——— N [0
Si

RE,Si,0, + 2H,0(g) = RE,SiO< + Si(0H),(g)
RE,SiO< + 2H,0(g) = RE,05 + Si(0H),(g)
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The activity of SiO, (ag;p,) has been measured in some RE,Si,0, and
RE,SiO materials.
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Measuring ags;p,can help us understand viability of RE silicate topcoat as a
recession barrier.




Objective

* Measure ag;p, within the Gd,0,-Si0,
system via Knudsen Effusion Mass
Spectrometry (KEMS)

* Analyze Gd,0,-Gd,SiO. and Gd,SiO«-
Gd,Si,0, phase regions, as expected
below =1600°C
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Experimental
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Experimental

* Three-cell flange configuration with
X/Y translation
* Au = temperature calibration
* SiO, = composition calibration
* Gd silicate mixture = sample

* Resistive heating up to =1500°C under
vacuum

* Mo or Ta added to SiO, and/or Gd
silicate mixture as reducing agent

* Cells consist of Mo or Ta = no
contamination issues
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Calculations

* Mo added to SiO, and Gd silicate mixture as reducing agent

3Si0,(sample or Si0, alone) + Mo — 35i0(g) + Mo0O5(g)

[ISiO]3 [IM003]

[aswz ] ’ [anmo]

K =
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Calculations

* Mo added to SiO, and Gd silicate mixture as reducing agent

35i0,(sample or Si0, alone) + Mo — 35i0(g) + Mo05(g)

o [I;i0]3[1;4003] P [1;i0]3[11;\k/1003]
[1]3[1] lasio, ] [1]
\ Y J \ Y J
SiO, 1  sample
( )3

[1§i0]3 :[I>\k/1003_ >

o 3r.o
\[lSiO] _IMOOg_J

asio, = °
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Calculations

* Ta added to Gd silicate (Gd,0,-Gd,SiO.) mixture as reducing agent

35i0,(sample) + 2Ta — 3Si0(g) + TaO(g) + Ta0,(g)

k = calibration constant determined at invariant point of Au
Osio = lonization cross section of SiO, function of ionizing electron energy (E)

- klc;oT
>0 sio (E)

Partial pressures of SiO (g) were determined from
experimental SiO intensity values.
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Calculations

* Ta added to Gd silicate (Gd,0,-Gd,SiO.) mixture as reducing agent

35i0,(sample) + 2Ta — 3Si0(g) + TaO(g) + Ta0,(g)

k = calibration constant determined at invariant point of Au
Osio = lonization cross section of SiO, function of ionizing electron energy (E)

- klc;oT
>0 sio (E)

Partial pressures of SiO (g) then converted to ag;p, values
using FactSage energy minimization software.
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Results: Gd,05 + Gd,SiO: (+Ta)

Temperature (°C)

1500 1450 1400 1350 1300 1250 057

18 T T T T T T T T T T T -1.04

17_ o S|O —15—-

_2.0_

16 + ~ 251

o ]

15 B 301
3 —3.5—- Temperature (°C) | Intercept

|_ J
= 14 -4.0 1 1255.5 4.5342

- ] o -4.5 -
13 . 1 2 1272.0 4.3896

o -50{ oooe
12 1 -5.5 +————————1——1——1— 3 1284.3 4.2845
€ -10.0 9.5 -9.0 -8.5 -8.0 -7.5 ~7.0 -
114 logP(SiO) | 4 1308.6 4.0813
5 1310.4 4.0657
000056 | 00805 | 000060 000062 | 008064 | 0.00 klsioT
0.00056  0.00058  0.00060  0.00062  0.00064  0.00066 P.. — SiO 6 1318.6 3.9989
1/T (K™ Sio O (E)
St0

14



Results: Gd,05 + Gd,SiO: (+Ta)

log(aSiO,)
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Results: Comparing RE,O, + RE,SiOc (+Ta)

Temperature (°C)
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Results: Comparing RE,O, + RE,SiOc (+Ta)

log(aSiO,)
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log(aSiO,)

Results: Comparing RE,O, + RE,SiOc (+Ta)
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Results: Predominance of apatite phase
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Results: Predominance of apatite phase

* Gd,0,-Si0, mixtures within the Gd,SiO. + Gd, 55(Si0,),0, and
Gd, 35(Si0,4)0, + Gd,Si,0, phase regions prepared and heat treated
between 1200 and 1600°C for up to 100 h

e X-ray diffraction (XRD) performed to determine phases

20



Results: Predominance of apatite phase
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Results: Predominance of apatite phase
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Results: Predominance of apatite phase
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Results: Predominance of apatite phase
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Results: Gd,SiO: + Gdg 55(510,)0, (+Mo)
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Results: Gd,SiO: + Gdg 55(510,)0, (+Mo)
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Results: Gd,SiO: + Gdg 55(510,)0, (+Mo)
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Results: Gd,SiO: + Gdg 55(510,)0, (+Mo)

log(aSiO,)
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Results: Gd,SiO: + Gdg 55(510,)0, (+Mo)
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Results: Gd,Si, 0,

Temperature (°C)

1500 1450 1400 1350 1300 1250 1200
00 v I ' 1 v 1 v I v I ' 1 v I

-0.54 --839284¢

-1.0

————— Gd,Si,0,

] —0—Y,Si04-Y,Si,0,

-2.0 - —0— Yb,SiO;-Yb,Si, 0,
1 Lu,SiO;-Lu,Si,0,

=-1.5 1

calculated via ThermoCalc

log(aSiO,)

-2.5
-3.0

-3.5

I ! I ' I ' 1 ' I ! I ' I ' 1
0.00056 0.00058 0.00060 0.00062 0.00064 0.00066 0.00068 0.00070
1T (K

30



Results: Comparing RE,Si, O,

log(aSiO,)
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Results: Comparing Gd silicates

Temperature (°C)
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Summary and conclusions

* Unlike that observed for RE,0,-SiO, (RE = Lu, Yb, Y) apatite
(REq 55(S10,4)0,) forms at much lower temperatures than expected in
the Gd,0,-Si0O, system
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Summary and conclusions

* dgjp, increases Gd,SiO; < Gdg 35(Si0,),0, < Gd,Si,0,

* Gd,SiO; would be considered most “recession-resistant” material
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Summary and conclusions

* However, silica activity does not tell the whole story
* For example, CTE Gd,SiO. = Gd, 55(5i0,);0, > Gd,Si,0,
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Summary and conclusions

* However, silica activity does not tell the whole story
* For example, CTE Gd,SiO. = Gd, 55(5i0,);0, > Gd,Si,0,
* CTE of a-Gd,Si,0, and 6-Gd,Si,0, = 7-8 x 10°/°C... not suitable as EBC
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