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t he cofrposition. The walls can be fully dense with smaller than 0.1
~.mcwonmeter grains or crystallites. For exanple, titaniumcarbide is black
and -non-transparent and both titaniumnitride and zirconiumnitride are
‘gol d colored. \Wile not being bound by theory, it is believed that during
firi-ng of the green or oxide containing ceram c nicrobubbles in the
presence of both a reduction supporting atnosphere and a source of carbon ;
sucl® as wood cel | ul ose, the wood cellulose is reduced to carbon or a
- carbon-cont-ai ning internedi ate phase, which causes conversion of the green
or : oxi de cont al ning ceram c m crobubbles to non-oxi de containing ceramc
‘mi crobut’bl es.” We have further discovered that firing tenperatures to effect
‘this conversion occur at about 300 C bel ow those firing tenperatures :
" necessary to convert a nixture of usuial oxide-containing ceram ¢ powder 45
wi t h" powder ed carbon to non-oxi de-containing ceram c powder. Moreover,
scanni ng el ectron m croscope (SEM m crographs showed that the sizes of
i ndi vidual crystallites present in the bubble wall of m crobub-




““firing the gel:

._.structural gap&

"~ ‘material
- used, the WaII

e‘s of thls i nvention were smaller than 0.1 mcrorreters and X-ray

“diffraction (XRD) studies revealed that the onIy crystalline phase found in
the bubbles was nitride (e.g., gpbdlgedgsdBf at ;a firing temperature of 1360

.- C, . and ZrN, 1420;C) or carbide (TiC, 1420-C ZrC 1480 C). Electrical

'.j}re5| st|V|ty (repbrted in ohm 50 times cm ohmcn) of various non-oxide

. ceram ¢ mcrobubples, firing tenperature, and reduction support- i ng _

‘---atr\msphere are summarized in Table 1. M crobubbles of this invention are
2typically unifgrimin shape and wal | thickness, transparent, tough, durabl e,
~-hi- ghl y resistagt jto scratching, chipping, and cracking. Voi ds in the walls

- of the hol | ow rosphereg @f tfegi nvention are desmabl y avarted by '
65: mC&%phesegprecursors to a degsg stgtg at a

0 0 Cor higher. This inproves transparency, prevents both

. r defects and any acconpanyi ng weakeni ng effects and

~ absgg ption of poi.sture-or other liquids that can degrade the m crospheres. -

- kn general, rofirin terrperature ronote densification of the walls
. of the ceram c-n crospher s- De§e3d| n the particBl@r o%i Qe precursor

: tenperature of« ;_

" EPT0 369 6381 and¥fir¥n¥ tenperature
f-the flred ceram ¢ bubbles will be porous and

heats seal abl.e or' azE r:npermaabl e. Inmeneral the tenperature reqU| red
"~ to seal the non-oxigde bu Ies will be higher than that required to seal the

- range,” from sub

" ‘atnospheres

- ‘m-crobubbl e, s

~oxi de bubbl es. For f&exanpl®, Ti O bubbl esscan be seal ed at tenperatures in
"~ -the range of 60@ito 200 ""C Ti tani um n|-tr| de can be seal ed at about 1360 *
©C 5 i=-..Pres r"B. \chr,n the seal ed: robulbles will be dependent upon
~ the® errperature % ch%ealing I's a&genpl | sfipd and the pressure of the
'sekgct gas at t tBt er‘iature Thus, EtJTe prespure of the select gas and
its pressure wi i i the seal ed m crobLLb‘-bJ es c§'n be varied over a. w de
t:m:sphe:l c. (vacuum 20._super.at nospheric, 1i. . from
B i % at ipgphertesz prif ¢F abl y}pg atyrgg p hetve; to 2.0
88't ¥ Y520 “’I’d‘?r) S ad pPelet er nithdt or™ afppr o‘Rl‘hat ed according

T |1 o encapsyl pure gases
gbgnatl nggses SI crob (gf thlg nvention nmay
| bt th!e may® be sl Pght Iyo eo'r"prolate General ly,
| & B ef dirzéd cdrAh cdnigtr obuliblfs a ef"al sb general |y
diam egfers ig J,he pange of ,l-300 4ri crongters, wall

bBy in the ramdeBof 2-8 perceéht of & he di&nmeter of the
Dttt surface anctdensity of 0.8 to 06 glcr8. By snooth

©.0.0Q01 to 2.0 o

"t'o the gas

and preselec
"~ -be truly spher i
-t hey .are spheri i
“.characterized b}
" thi ckness prefe

‘-:'--.;:surface l.s. rreanlﬁ 1§ that Jd he s fdice ooughness: is I'gbs thal 2500 Angstrom

:uni¥s. where. sur e

§ rougﬁwess |$ gleflged as t@ avelgage hegght of - repeating
“or ‘regul-ar surfateSprotulerances @s nBasured Wertically frB®mthe bottomto

. the. apex of the prot berance usi ng scanni ng elgectron mcroscopy (SEM. Most
- -metal -oxides forma crystalline or m groc al i ne phase. Additives
- sych as yttrium oxi dg an formsolid sggu ions th ot her oxi des, such as

zi=toni a, resulti ng ﬁn he stabilizat p&r stabilization of r2o
.._the met al oxidei(e.gf Rirconia in thegcgbgc o getragonal form. As taught
in U S Patent'No B, 849, 456 and app¥i 8aBl e :Bn& his i nvention, hydrogen or
ot her reducing ,g nosphere can be used where deS| red to formceramc
m cg obubbl es ¢ rﬁsl ng reduced netal oxides, oe g ferrous oxide, or
metal s, e.g. irgh. 3| negt at nospheres, e.g. argo ni trogen, xenon, neon, or - -:
“helium can be & gop &lgularly where it isad i..redtoformceramc '
‘mi ¢robubbl es wi | h=i mei§ atnospheres fillgd+2% §nd heat-sealid
~therewi th. Geneppl y é’n e it is desired to f’bé gal ed ceram c
. mi @ obubbl es wi § agugmtor sel ect gas (othgl f Bar air) encapsul ated
therein, it wilP b8 BormvEnPent to use an air &t mofpkere to convert the
dri ed, gel | ed m cr obubbles to porous ceram c m crobubbl es and then

. heat-sealed by firing the - latter at a_high enough tenperature, in a range

from 500 * to 1400 * C depending on the ceranic, to render the porous wall
n‘Ber nmeabl e in a vacuumor an atnosphere of the select inert gas as noted

.""j_":ab_ove_ The 30 resultant bubbles will contain the vacuum or selected gas
~“wi.thin its single cavity. Ceranic bubbles containing a reducing atnosphere
-.(e.g., carbon npnoxi de or hydrogen) can al so be prepared by firing In the

appropriate atnosphere. During the firing stages, if oxygen Is present, the

- surface of the bubbles can be nadet9o be oxygen-rich. i. 35.

"Table 1 Electrical Resistivity of Non-oxide Ceranic M crobubbl es Bubbl e
conpositions Firing Tenp. ( O At nospher e Resistivity (ohm cm
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Articles ' comprising microbubbles of this invention can be fabricated into ‘useful three dimensional
_shapes. For example, combining the microbubbles of this invention with various binder materials such as

- water glass, polymers such as epoxy resins, and sol-gel derived binders can provide low density structural

- -.=:86 - reinforcement composites, catalyst substrates, machinable refractories, and supports. In addition, the
.. microbubbles can be used 'a:s carriers for drugs and the like for applications where controlled release is

"desired.
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s¢ 11. A method according to any of claims 7 to 10 comprising the further step:
firing said green microbubbles to provide ceramic microbubbles as claimed in any of claims 1to 5
comprising at least a non-oxide phase, said firing step optionally taking place in the presence of an
agglomeration preventative agent.

65 12. A method according to claim 11 wherein a carbgn-containing agglomeration preventative agent is used.
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