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Plasma-Sprayed Ceramic Coatings for Protection against Molten Metal 

Kendall J. Hollis, Maria I. Peters, Brian D. Bartram 
Los Alamos National Laboratory 

Abstract 

Molten metal environments pose a special demand on materials due to the high 
temperature corrosion effects and thermal expansion mismatch induced stress effects. A 
solution that has been successfully employed is the use of a base material for the 
mechanical strength and a coating material for the chemical compatibility with the molten 
metal. The work described here used such an approach coating tungsten rods with 
aluminum oxide, yttria-stabilized zirconia, yttrium oxide, and erbium oxide deposited by 
atmospheric plasma spraying. The ceramic materials were deposited under varying 
conditions to produce different structures. Measurement of particle characteristics was 
performed to correlate to material properties. The coatings were tested in a thermal 
cycling environment to simulate the metal melting cycle expected in service. Results of 
the testing indicate the effect of material composition and spray conditions on the thermal 
cycle crack resistance of the coatings. 
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Coating requirements 

Protect tungsten rod from molten plutonium 
- Chemical compatibility - Aluminum oxide, 

yttria partially stabilized (8%) zirconia, yttrium 
oxide, erbium oxide 

- Thermal cycle crack resistance 
- Molten metal penetration prevention 



Experimental plan 

e 

e 

e 

Spray powders under different conditions to 
change the structure 
The structure is expected to affect the 
thermal cycle crack resistance and molten 
metal penetration 
Perform thermal cycle tests from RT to 
9OOOC for 10 cycles and check for cracking 



A1,0, spray conditions 

40 35 
IHe flow (slm) I 0 10 
I Powder gas (slm) 1 5 5 
I Current (A) 900 900 ’ 

/Voltage (V) 26 31 
/Standoff (mm) I 102 76 



A1,0, particle characteristics 

Velocity ( d s )  

Temperature ("C) 

Diameter (pm) 

192,192,197 

2229,2166,2231 

48.5,48.4,47.6 

248,247,245 

2281,2273,2423 

58.3, 61.3,52.9 



Unexpected results for A1,03 

Particle diameter is larger for high conditions - 
small particles under low conditions not hot 
enough to be detected 
Runs 1&2 vs. run 3 gave different values 

- Thighcond. 

- Dhigh cond. 

Differences 

2281"C, 2273"C, 2423°C 
58.3 'pm, 61.3 
due to particle 

pm, 
size 

52.9 pm 
. 1 . segregation during . . , storage (powder not blended prior to spraying) 



YSZ spray conditions 

IAr flow (slm) 1 40 35 
IHeflow (slm) I 0 10 
IPowder gas (slm) I 5 5 
I Current (A) 900 900 
/voltage (VI 26 31 
(Standoff (mm) I 102 76 



YSZ Darticle characteristics 

Velocity ( d s )  

Temperature ("C) 

Diameter (pm) 

145,144 204,198 

2335,2319 2547,2541 

96.9,99.3 77.8, 81.1 



Unexpected results for YSZ 

Particle diameters were higher for low 
conditions 
- D  low ave = 98.1 pm 
- Dhigh ave = 79.5 pm 

large particles under high conditions 
Differences due to saturation of the detector by 



Y,O, spray conditions 

40 35 
IHe flow (slm) I 0 10 
I Powder gas (slm) I 4 4 

900 900 
(Voltage (VI 26 31 
1 Standoff (mm) 102 76 



Y,02 particle characteristics 

Velocity ( d s )  

Temperature ("C) 

Diameter (pm) 

169 

2417 

67.3 

221 

2600 

63.9 



Er,O, spray conditions 

Current (A) 

Voltage (V) 
Standoff (mm) 

IAr flow (slm) 1 

700 900 
25 31 
76 76 

40 35 
IHe flow (slm) I 0 10 
1 Powder gas (slm) I 5 5 



Er,O, particle characteristics 

Velocity ( d s )  

Temperature ("C) 

Diameter (pm) 

185 

2286 

27.6 

235 

2356 

27.4 



IR image during rod pre-heat 



IR image during rod coating 



IR sequence of rod coating 



Thermal cycling results 
a 

a 

a 

Y,03 high condition sample changed color 
Both A1203 and Er203 samples and the YSZ 
sprayed under low conditions showed no 

d- - a *  sign ot cracklng 
Both Y203 samples as well as the YSZ 
sample sprayed under high conditions 
cracked 
Er,O, samples expanded axially 



Y,O, high condition after cycling 



Y,O, low condition after cycling 



YSZ high condition after cycling 



YSZ low condition after cycling 



Er20, high condition after cycling 

AIamos 



Conclusions 

Powder size segregation during storage can 
significantly affect sprayed particle characteristics if 
the powder is not carefully blended before spraying. 
Optical particle characteristic measurements are 
subject to biases that can result in a non- 
representative sampling of the powder particles. 
Particle temperature, velocity and diameter 
measurements made by the DPV-2000 are highly 
reproducible. 



Conclusions (cont.) 
Y203 when sprayed under high power conditions 
had a gray color in the as-sprayed condition which 
transformed to a white color after thermal cycling 
indicating a change in phase or stoichiometry. 
The Y203 and YSZ coatings sprayed under the low 
conditions showed better thermal cycle crack 
resistance than the same materials sprayed under 
high conditions. 
Both of the A1203 and Er20, coatings along with the 
YSZ coating sprayed under low conditions showed 
good crack resistance under thermal cycling 
conditions . 



Conclusions (cont.) 

YSZ sprayed under high conditions showed very 
poor crack resistance under thermal cycling 
conditions. 

dimensional change during thermal cycle testing 
The ceramic oxide coatings tested here showed little 

except for the Er,03 coatings which exhibited an 
unexplained axial expansion. 


