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Problem: CVD Appliosippsueh:

. Vapor deposition processing of high temperature resistant Develop tailored_ precursors that will proc!uce intercalated |
metal borides & metal carbides onto/into different supports thermal protective coatings of Metal Boride or Metal Carbide
are critically needed to protect components. using MOC\_/D processes. Guided by molecular modeling,

precursor will be synthesized and evaluated under vapor

» Limited metal-boron containing precursors that can convert processing conditions. precursor MOCVD Processing & Materials
stoichiometric metal boride materials prevents rapid thermal | Modelina__ . Synthefl.; 8 _ Characterizaton
protective materials development I - —
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Results:
DFT simulation results illustrate potential DFT simulation of [Hf(BH,),L,] candidate precursors
intermediate for the hafnium borohydrlde to examine stability of intermediate as ligand
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Potential energy surface (PES) scans, disassociation  Energy and snapshots of (a) [Hf(BH,),] (n = 4-2)

energies (Ep), ionization potential (IP), and electron PES scans, and the inset shows the intermediate
affinity (EA) used to determine stable precursors. state of [Hf(BH,),(H)] and BH, and (b) energy L = -OH. -Br. -NH.. -
o o and snapshots of [Hf(BH,),H,_,] (n = 4-2) and NMe),
Preliminary efforts indicate the release of a proton insets of Hf(BH,),;H and Hf(BH,),H,. Atom colors: c E
from the BH4 ||gand to stabilize the [Hf(BH4)3H] Hf (p|nk), B (green), and H (Wh|te) E’ Did not exhibit an g
intermediate. Does the same mechanism exist in other candidate intermediate states and
precursors? disassociation energies
— too high to be viable
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DFT Simulation of Hf(BH,),L, candidate precursors indicate T e
: : . : Energy and snapshots of
larger ligands lower dissociation energies. PES scan of [Hf(BH,),(OMe),] and [Hf(BH,)
! ? [Hi(BH,),L,] with L = -Bu),] PES scan. Colors: Hf

-OH, -NH,, and -NMe,. (pink), B (green), H (white), O
(red), and C (gray).
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*H atom remains to coordinate the central Hf atom

L = N(CH,):NH,, (1-piperidin-2-amine referred to }é y S um mary
as Pip2A) o Al _ 4id
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« Same mechanism seen in Hf(BH,), molecule for _ 472 21 : . .
lowering E, values Hf (pink), B (green), H (white), O (red), C intermediates were identified througﬁ'& X‘V %
Recommendations for candidate pre&%rras%)r’sa argetk?'éjaeﬂds with loosely Density Functional Theory
bound hydrogens or methyls to lower disassociation energies simulations. \ : ? : 2
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o | | * Preliminary results from vapor
Preliminary vapor processing of precursors onto fiber processing of precursors indicate
supports produces coatings. AnaIyS|s |dent|f|ed hafmum coatings contain hafnium oxides,
Cﬁﬂbh“é‘abreeé@hi“” + 2 LiBH, N\ A I (. b T optlmlze_ltlon needed to avoid oxide
) production.
& Acknowledgements:
N Ly \\DE This work was funded in part by the Laboratory Directed
. (CP)LHBHY), Research & Development (LDRD) program and by the
[HH(H,BH).] [(CP ) HH(H;BH),] i e st on fibers (~170 °C) Office of Naval Research Program under contract #
N00014-20-1P00044 and approved for release reference
Precursors of A) hafnium borohydride [Hf(H,BH),] and B) bis-cyclopentadienyl hafnium borohydride DCN 43-7208-20
[(Cp’),Hf(H;BH),] were synthesized. C) Scanning electron microscope image of HfXBy coating on fiber '
supports. XRF and EDS identified Hf was present on coating.
cporatot by National Tochrelony & Engineein Sottons of St Manuscript: Rimsza, J. M., Chackerian, S. C., Boyle, T. J., & Hernandez-Sanchez, B. A. (2021). Sandia
E}Zh:rmngtn:desnﬁzyi:Lya?ifozl;nmi:néeercnuarﬂin:é::icn.i,s orious. Stability Evaluation of Candidate Precursors for Chemical Vapor Deposition of Hafnium Diboride @ lNaal}Lorg?cllries

contract DE-NA003525. (HfB2). ACS omega, 6(17), 11404-11410.

SAND No.

SandialNationalfLaboratoriesfisfalmultimissionflaboratoryimanagedlandjoperatedibyiNationallTechnologvi&lEngineeringlSolutionsjofiSandia.lLLC Jalwhollvlowned



