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EFFECT OF H-BN SPRAY COATINGS ON WETTING AND REACTIVITY
IN S1/SIC SYSTEM
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MOTIVATION

A successful implementation of highly efficient latent heat thermal energy storage
systems working at ultra high temperatures (up to 2000 °C) requires a proper
selection of both phase change materials (PCM) and refractories that would

withstand a long-term contact heating under such extreme conditions. Silicon based §

materials have been pointed out as very interesting candidates for PCMs > § .

applications. i 'l'l'l'!',”l'l'l'l'|'|'|'| \'\‘\‘\'\‘\‘\\\‘\‘\‘\‘\‘\‘\‘\\\\\\\\\\\\\\\\‘ 2

Regarding an achievement of high reliability and long lifetime of the LHTES device, °5miz 3=

the most important conditions are a lack of wettability and negligible reactivity o

between the PCM/refractory couples. However,almost all of commonly applied M

ceramics are well wetted by molten Si at temperatures around its melting point. The Polycrystalline Si Polycrystalline SiC substrates

only one exception is hexagonal boron nitride that shows non-wetting behavior at ultra high purity Si (7N) h-BN spray coatings: FRIALIT® SiC 198D

temperatures up to 1500°C, while there is no available information on the couple _ '

behavior at higher temperatures. Furthermore, the performance of the boron nitride 6 s e Belbeai® 215 - pelmer iy

g P ) P .
coatings has not been so far evaluated under conditions similar to that predicted in B: Henze HeBoCoat® 401E - ceramic slurry
the Project.
In this work, we experimentally examined the wettability and reactivity behavior of SAMPLES PREPARATION

silicon on commercially available polycrystalline SiC substrates coated by two types

of h-BN spray coatings. The Si/h-BN coating/SiC samples were subjected to sessile Polycrystalline SiC substrates (FRIALIT® SiC 198D*) and ultra high purity Si (7N)

drop experiments at temperatures up to 1750 °C. pieces were cut by diamond discs on a precise cutting machine; and then
subjected to grinding and polishing with diamond paste (the SPM measured
roughness of SiC surface was ~100 nm). Such prepared substrates were coated
by two types of h-BN sprays:
A: Henze HeBoCoat® 21E - polymer slurry

EXPER]MENTAL RROCEDURE B: Henze HeBoCoat® 401E - ceramic slurry

SiC substrates (h-BN coated and non-coated) were Before the wetting tests each substrate (coated or not) was subjected to vacuum

subjected to testing of wettability in contact with Si preaheating treatment (at 150°C/10~ bar/45 min) in order to remove residual

by sessile drop method combined with contact EXPERIMENTAL COMPLEX FOR INVESTIGATION gases.

heating procedure at T up to 1750°C. OF MOLTN METAL/C ACS lNTEACTlONS A- B: C:

five intervals: 500
1450°C/5 min (1);
1550°C/5 min (I); 1400 <

: 1 static argon '
165OOC/5 min (”l), EEEZE(;;?)%Sanﬁbar) @ % so oat®
1700°C/5 min (IV);  § gof meneee /¢ s - .
1750°C/10 min (V) & oo :
400 - Q& IV: 5 min at 1700 °C . . . .
1 oS V: 10 min at 1750 °C couple A: Si/h-BN spray (HeBoCoat 21E) coating/polycrystalline SiC
2004 couple B: Si/h-BN spray (HeBoCoat 401E) coating/polycrystalline SiC

couple C: Si/polycrystalline SiC (REFERENCE non-coated sample)

0 : T T T T g T v T T T T T T T i T
0 9000 4000 OO0 @000 ,\00()0 ,\2300 " 2000 \6000 \8000 .
time [s] A macroview of samples

before the wettability test

RESULTS - SEM OBSERVATIONS OF SI IN THE AS-RECEIVED CONDITION

a comparison of various SEM imaging modes
(ETD vs. in-lens detectors)

/ .
" g | s W v’
i e - KD oY
- (e . :
! % - X ' - y ) - B A 3 ~ - N S "“ r \ X i W — y % g 3 e
2 - o ] = Wl f y ,«@ % N ; ; 8 e e <5 N S, SEN TR s SRl
% 7/26/2017 | mag® |HFW | HV curr e ode - % 7/26/2017 |mag® | HFW | HV curr o % 7/26/2017 |mag B HFW | HV curr | det | mode WD  — 11—
= — A ; y —a o cios o Scios

12:42:17 PM | 650 x | 319 pm | 15.00 kV | 3.2 nA | ETD | SE 6.8 mm 11:17:19 AM | 800 x | 259 pm | 15.00kV | 1.6 nA ETD SE | 4.3 mm 10:39:37 AM | 1500 x | 138 ym | 15.00 kV 1.6 nA ETD SE 4.5 mm
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RESULTS - THE WETTABILITY TEST POST-PROCESSING OF COLLECTED DATA
C i 0 \7/2>/2017")rh;gﬁa HFW | RV curr | det | mode WD
A B: A B: ' The contact angle values vs. time plots were calculated by dedicated software B i e oo i o
T=1450°C, t=0min T=1450°C,t=5min | T=1450°C,t=0 T=1450°C,t=23min (ASTRA2 (IENI-CNR, Italy)) based on in-situ recorded images of drops/substrates
A B C A °
T=1550°C,t=0 T = 1550°C, t=5 min
180 T T T T % 1800 180 T— T T T .1800 20 — T 1800
. .T(o_C_),;___;, -y I ) \‘.-1600 ) “t 1600 Teg) | ,__ [ 1600
. . ELE B E L1200 IR R R 80 Jieft angle ()~ ven
T=1650°C,t=0min T =1650°C, t =5 min | SHEIE K o SEEE NI LN P | i ™ T 1000
°-120-:§§ & gleftanéle(°)' K °.120 - § : ] i o
T RS g0 © @ Si%i % reo0 O 4o b §o§of8000
T=1700°C,t=0min T =1700°C, t=5 min IR L oo \200
60 0 60 iy IR N N [ o - [ o
0 0 10 20 30 40 50 60
t, min
T=1750°C,t=0min T =1750°C, t= 10 min
couple A: Si/h-BN spray (HeBoCoat 21E) coating/polycrystalline SiC
couple B: Si/h-BN spray (HeBoCoat 401E) coating/polycrystalline SiC
T=1364°C,beginning T =970°C, after T=1340°C,begin T = 1230°C, after couple C: Si/polycrystalline SiC (REFERENCE non-coated sample)
solidification solidification solidification solidification
a complete
consumption of Si
a poor adhesion of coatings!!  at T>1750°C!
Images of Si drops on coated and non-coated SiC substrates CONCLUS]ONS A macroview of solidified couples
in-situ recorded by high-speed camera (100 fps) after the wettability test
upon the wettability test at T up to 1750°C The application of h-BN spray coatings:

1) supresses a high reactivity of Si/SIC system at T up to 1750°C;
2) allows maintaining non-wetting behavior in this tempearture range.
However, low adhesion makes them rather unsuitable for thermal cycling applications.

_ < Acknowledgments
H Orlzon 2020 4 ' A M A D E U S The project AMADEUS has received funds from the European Union’s Horizon2020 research and innovation program, FET-OPEN action,

under grant agreement 737054. The sole responsibility for the content of this publication lies with the authors. It does not necessarily
FUTURE EMERGING TECHNOLOGIES <4

ultra high temperature energy storage reflect the opinion of the European Union. Neither the REA nor the European Commission are responsible for any use that may be made
of the information contained therein.



