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ABSTRACT

A Tow prosaure N? plasma treatment of ammonia borane (H3NBH3)
or its pyrolysis products [(H?NBH?)”,(HNHH)”] qenerates boron
nitride compositions of empirical formula BNE.  The process is conducted
at essentially room temperature and involves the use of a stable

commercially available starting material ammonia borane,
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INTRODUCTION

Generation of thin pclymeric films and coatings containing a high
content of boron and nitrcgen may be accomplished in several different
wvays. According to an early report subjecting borazine vapor to a
radiofrequency discharge formed monomeric HZBNH2 (among numerous
ather products) which polymerized spontaneously between -196 and

_155%.,1

The product, an "inert white solid," was believed to be
(H2NBH2)H although only its infrared spectrum was reported. A
subsequent report from the same laboratory described the formation of,
presumably, the same product by the vapor phase pyrolysis of an entirely
different starting material, ammonia-borane (H3NBH3), but no
experimental details of the preparation were giVQn.2

Ve have developed an improved synthesis of poly(ammonia-bcrane) by
the vapor phate pyrolysis of H3NRH3 and have conducted a detailed
characterization of the material.3=" We have also qgenerated a high
nitrogen (56 wt, %) content polymeric meterial by subjecting ”3NBH3 or
ilts pyrolysis productS'b to a low pressure N? plasma, lere, we wish
to repourt on the Tow pressure plasma (LPP) approach to high boron and
nitrogen content {ilms and coatings,

FXPERIMENTAL

Materials

Comnereial ”3NHH3 (Callery Chemical Co.) was vacuum and zong

sab:Timed until the melting point was raised to 115 1167C,

Nilregen was Matheson high purity (99.99%) grade, used as received,



Film Deposition

HyNBH, Films. H,NBA; may be sublimed (at - 45°C) onto a glass

substrate as a uniform film only if done in a dyramic vacuum of at least

10'5 torr. In the solid state, H NBH3 is stable to at ieast 70°C

3
and TGA indicates significant decomposition sturting at just above

7

110°¢. Typical film thicknesses varied between 10-50 ;m.

(ﬂ?NRHg)ﬁfFilms. In the preparation of the polymeric HZNBH2

films, measured amounts {0.02 to 0.10 g) of H3NBH3 were placed in the
bottom section of a commerizal glass vacuum sublim=r wivich had Leen
modified by the addition of a 1 inch (dia.) x 6 inch tes*t tube end to the
bottom of the apparatus directly helow the cold finger. The apparatus
was evacuated to 1 x 10_3 torr o less and back filled with dry

nitrcgen to a pressure of 2-3 torr. The nitrogen was necessary to
prevent rapid subTimation of H3NHH3 and to facilitate its thermal
docomposition,

The substrates (for example, microscope cover qlass) to be ¢aated
were at.tached to the cold finger, For infrared analysis NaCl plate was
attached Lo the cold finger. To hegin the decomposition, the sublimer
was closed and the tip containing ”3NHH3 immersed in a stirred oil
bath at 130-140°C. Liquid nitrogen was placed in the cold-f inger of
the sublimer as heating was begun, Within 60-90 seconds, a rapid
frothing decomposition of the fused HRN““3 commensed releasing
noncondensible gas, presumably “?, and depositinn o white coaling on

Lhe microscope cover glass as well as the cold tinger,
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The e solid product was allowed to form for up to five minutes
during whicl. ime hydrogen was pumpec away periodically, then the heating
bath was removed ind the closed sublimer allowed to equilibrate
thermally. The white solid was not apparently air sensitive or
hydroscopic.

The hydrolyzable hydrogen content of the product was deatermined by
hydrolysis with aqueous HC1 at 120° for two weeks followec by
measurement of the hydrogen in a calibrated Toepler sys*em. The boron
content was determined by Parr peroxide fusion followed by titration of
the mannitol complex. Calcd. for BNH,: B, 37.6; H (hydridic) 7.00.
Found: B, 37.9; H, 0.97.

(ﬂﬂgﬁln_fiJTE: For the deposition of (HNBH)n films the following
modifications to the above described procedure were introduced. The
3

system was evacuated to -+ 1077 torr, but was not backfilled with dry
N?_ The £i1m deposition was done in dynamic vacuum. The test tube end
Lo the vacuum sublimer was wrapped with two separate heating tapes. The
heat ing tape closer to the cold tinger was keptl at ~ 350°C and the
bottom heating tape was kept at ~ 1209C,  This heating arrangement
resulted in a more exlensive pyralysis and, hence, the formation oi
NBIL, . The nitrogen content in these materials was determined directly
by a neutron aclivation technique or the deposited materials,
Low_Pressure Plasma Treatment

The 1PP instrament that we are using has been described

10

(%) ' . . .
betovre, U lypical operalting parameters that we were using in
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converting the white, opaque ammonia-borane films into transperent,

glass-like films were:

Initial pressure 10 m torr
Operating system pressure 400 m torr
N? flow rate 100 scem
Current 4 mA
Voltaae 305V

Typical treatment times (dependent upon the sample size) varied from

? 16 hours. The threc types [HNBH, {H,NBH (HNBH)q]of

)y s
films were transferred in open air to the plasma chamber and were
tvpically positioned in the center of the bottom electrode.

We are also using oplical emission spectroscopy (Plasma-Therm, Inc.,
Plasma Scan System, Model PSS=?M) to monitor the plasma composition
during the treatment process.

RESULTS AND_DISCUSSTON

Thermal pyrolysis of ”JNHHR when conducted ol two irferent
temperatures (1400 and 350°C) and ditferenl vacaum conditions yieldoed
eoawentially pore (H;‘,Nn”,‘,):: or (IINHH)n_h Further variation
mnopyralysis temperature or vacuum conditions, however, did nol result in
the generalion aof pure bovon niteide,  Pyrolytic boron nitride has heen
qenevated by o varicty ol techniques; however, even the more recent
technigques invoive synthetic ditticoltics,  For example, it borazole,
“}N_‘Hh, iv heated to 500"C, it underqoes pyrolysis and eliminates
hydrogen to give o non volabile material of expivical formala BNH. 1
thiv metorial s tuvrther held ol OUU”F, U loses hydrogen ta yield o

Y
product of campasit fon approachiing that of BN, L
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The use of low pressure plasma to generatc boron nitride does not
seem to have been reported. We have found now that low pressure nitrogen
plasma treatment of 12 to 24 um thick H3NBH3 films converts them into
(H2BNH2) and other compositions approaching BN depending upon the
length of the treatment time. For example, a N2 piasma (400 m torr, 80
sccm, 4 mA, 3 hours) treatment of a 24 um thick H3NBH3 film gave a
hazy or translucent film that had an IR spectrum essentially identical to
that of a material obtained by pyro]ysis5 (Table I). The translucent

film did have several other bands that the opaque (H,NBH,) film did

2NOHp)
not possass and had strong characteristic absorptionctypical of BN (1390,
810, 720 cm'l). The assignment of all the peaks is undergoing further
study. Furthermore, the spectra compared rather well with thcse reported
for a polymeric armminoborane prepared by a completely difrerent
rnutp.l If the LPP treatment at the above conditions is continued for
Tonger time (up to 16 hours) .r an rf generated nlasma at power levels of
up to 150 watts is used, a completely transnarent, uniform film is
generated. Material that has been plasma treated for longer times or at
higher power densities analyzed for the empirical formula of HN“O.b-
The nitrogen concentration in the materials was determined direclly on
approximately 1 o sampies by a neuteon activation technique., These are
the mildest conditions (at esszentially room temperatuve) that are found
to generate o material that is essentially BN, Furthermore, (he starting
matevial is commerically available, inexpensive, stable, and is casy Lo

handle,
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Literature reports the generation of transparent BN films by

pyrolysis of BC13 + NH3 mixtures at 800—1500°C13’14

15,16

and of
2,4,6-trichloroborazine. In one approach molybdenium and tungsten
substrates were heated to 770-1300°C to pyrolyze the trichloroborazine
vapors.16 At temperatures above 800°C vitreous, transparent BN films
were deoosited. In the BC13 + NH3 approach products from gray-black

to yellow-brown to white-feathery to translucent to clear-glassy films
were all possible depending ubon the reactant ratio, their transport
rate, pyrolysis temperature (1300° to 1700°C), and deposition chamber
geometry used, The two types of products that we have generated:
translucent and clear-glassy, fit into this range of observed products
(Figs. 1 and 2).

The density of the reported BN has been found to vary F.-om 1.846 to
2.262 q/cm depending upon the preparation conditions. The lower density
materials are presumed to have nucleated in the gas phase with the
microcrystallite growth occuring in the gas phase before their
deposition. We find that compacting (24,000 psi at 100°C) material
into a pcellet gave a "pellel” density of 1.23 g/cc. As our Lechnique,
presumably, does not involved gas phase nucleation the low density is
only a reflection of the quality of the pellet. While the |I3an-l3 and
(”?NHH?)n materials decompose violently in concentrated 110

solution, the material with empirical composition of BNHG ) was

insolul:le cinl stable indefinitely in concentiated HCT solution,
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We are using optical emission spectroscopy to monitor the plasma
composition above the substrate during the treatment process to elucidate
possible reactions mechanisms during tne treatment. These studies are
continuing and will be the subject of a future report.

CONCLUSION

A new low temperature (essentially room temperature) synthesis
procedure for an essentially boron nitride composition has been
developed. The technique involves the use of Tow pressure N plasma in
the treatment of thin films of ammonia borane (H3BNH3) or its
pyrolyses products [(H2NBH2)n, (HNBH)n] and the generation of
compositions with empirical formula of BNHO.S'
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TABLE I

INFRARED SPECTRAL BANDS OF POLY(AMINOBORANES)

Thermal Pyrolysis Low Pressure Plasma (H2NBH2)2
cm'1 em! cm-1
3240-3300 3250-33C0 3280
2280-2400 2300-2400 2380
1560 1560,1620 sh 1560
1375-1400 1330-1400 1390
1160-1200 1175-1210 1180
1050-1080 1050-1080 1060-1090
—_— 975 970
—_— 940 -
840 840 840
_— 700 -

a. From Ref, 1,



FIGURE CAPTIONS

1. H3NBH3 Film on Glass Slide

2. Translucent Film After LPP Treatment of H3NBH3 Film
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