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GLASS M CROBUBBLE- CONTAI NI NG SYNTACTI C FOAMS,
EXPLCSI VES, AND METHOD OF MAKI NG Cross Reference To
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buoyancy modules, cementitious slurries and composites (i.e., well casing cements),

composite particles useful in oil well drilling and fracturing (i.e., dual density gradient
particles and low density proppants). |

There exists a continuing desire for syntactic foam composites with improved
properties, e.g., higher strength to density ratios.

Water-based explosives are commonly classified into two types: emulsions and
water gels or slurries. The emulsion type explosive consists of a dispersed phase of an
aqueous oxidizer solution and continuous phase of an organic fuel. Water-gel and slurry
types of water-based explosives consist of an organic fuel as the dispersed phase and
oxidizer-saturated water as the continuous phase. Both types of water-based explosives
require a sensitizer to enable detonation to occur, usually in the form of small bubbles.
These bubbles may be hollow microspheres or gas bubbles. It is generally known in the
explosives art that smaller bubbles and uniform distribution of these bubbles throughout
the explosive provides good performance.

It is known to add a sensitizer in the form of small hollow microspheres or bubbles

to water-based explosive. Examples of such microspheres include those made of glass,
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oxi di zer-saturated water as the continuous phase. Both
types of water-based explosives require a sensitizer

wa eooensIbe det onation to occur, usually in theP¢DU82006/015802

smal | bubbl es. These bubbl es may be hol | ow _

m crospheres or gas bubbles. It is generally known in
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that are nore
averaage density of the glass bead distribution containing the broken bead portions also

generally increases.

Summary
In one aspect, it has been discovered that hollow glass microspheres made from

narrowly distributed glass feed sizes, as described in copending U.S. Patent Application
No. 11/004385, filed December 3, 2004, enable the manufacture of articles with improved
properties, including glass syntactic foam composites with higher strength to density
ratios. Such composites have application in many industrial markets and applications.
Higher strength to density ratio products can also be defined as specific strength.
Specific strength is attained by dividing the rated isostatic pressure resistance (see
Strength Test) of a given sample of hollow glass microspheres, or of a composite made

from those microspheres, by the average true density of the sample.
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fragile than the nean, while the smaller particles

tend to increase the density of the hollow gl ass bead
wale@bnidoot i on. In the case that |arger glass PCT/US2006/015802

m cr obubbl es become broken, the average density of the

gl ass bead distribution containing the broken bead
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conposite. In another aspect, the present invention
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microbubbles or raw product.

As used herein, “water-based explosive” includes explosives that are in the form of
a liquid, gel, slurry, suspension, emulsion, colloid, and the like, wherein the explosive
contains an oxidizer dissolved in water. The water may be the continuous phase, e.g.,
water gels and slurries, or discontinuous phase in the case of emulsions.

Some of the advantages of the explosives of the invention are expected to be

improved explosive performance.

Detailed Description of Illustrative Embodiments

Production of Glass Bubbles

For any given heating process, it is generally the case that the density of the

resultant hollow glass bead distribution correlates with the throughput rate at which the
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been unsuitabl e because the conditions were too

del eterious to the m crobubbl e conponents of the
wewposidove. The present invention can be used POI/D8066/015802

i nproved syntactic foam conposites that provide

i mproved physical properties. In another aspect, the

i nvention provi des wat er-based expl osives conpri sing
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be t
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odi ments Production of G ass Bubbles For gi v

3, 08y %Kb@é@ls) and 3;230.86sh éV%ﬁtdyettahb 3@3565593 1t5r(§@d§ hteal ) and
4 %@1264(} (g—& lhqﬁe {ilsg l { al 5f ?}ﬁh%ﬁg 1%%%?&* %%%{em by refelience in their

corr e €5 W
enitiidtgh thefeed is converted into glass nlcrobubbles.

Thus, in order to_ produce |ow density glass

mi ¢ réblwe}héb,e frit apd/og thedeed mgy he@ea@yépylppetlag that is capable of

foflﬁ ﬂsytghﬁ:‘éﬁi} dn'Y BH9 g@&% t 59&5? ?hé‘lgft Ko iSRS 50 to 90 percent

appdr at us. ng a narrower
of;ﬂa@g; frd)na Llio28 mient mﬁnllkalnmemhemdd: Hose 1 ¢ B0 petckyt af$iad3, from

the gl ass m crobubble industry, the present
0. O&if@rﬁ $ percent of sulfur (e.g., as elemental sulfur, sulfate or sulfite), from 0 to 25

percent divalent metal oxides (e.g., CaO, MgO, BaO, SrO, ZnO, or PbO), from 0 to 10
percent of tetravalent metal oxides other than SiO9 (e.g., TiO9, MnO», or ZrO»), from 0

to 20 percent of trivalent metal oxides (e.g., Al2O3, FepO3, or SbpO3), from 0 to 10
percent of oxides of pentavalent atoms (e.g., PpO35 or V2Oj3), and from 0 to 5 percent

fluorine (as fluoride) which may act as a fluxing agent to facilitate melting of the glass
composition. Additional ingredients are useful in frit compositions and can be included in
the frit, for example, to contribute particular properties or characteristics (e.g., hardness or
color) to the resultant glass microbubbles.

In the above-mentioned frit compositions, sulfur (presumably combined with
oxygen) serves as a blowing agent that, upon heating, causes expansion of molten frit
particles to form glass microbubbles. By controlling the amount of sulfur in the feed, the
amount and length of heating to which the feed is exposed, the median particle size, and
the rate at which particles are fed through a flame the amount of expansion of the feed

particles can typically be controlled to provide glass microbubbles of a selected density.
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general ly achieves a | ower density distribution of

gl ass m crobubbl es or raw product in a syntactic foam
whawenggoan aver age crush strength conparabl e tRCTUS1v06/015802

density distributions of glass mcrobubbles or raw

product. Frit may be prepared, for exanple, by
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( e. Spiral jeomillpimglugle, for ezneple )thoserawailable wndzo thedrasle desighations
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fluorlne fluoride) which nmay act as a fluxin
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pa?@él&‘?%éﬁsﬁr@"sﬁze R dtidh I{yﬂﬁﬁﬁéﬂqﬁﬁl&‘t. conbi ned with

Fluidized-bed jet mills are available, for example, under the trade designations
"CGS FLUIDIZED BED JET MILL" from Netzsch Inc., Exton, Pennsylvania; and

"ROTO-JET" from Fluid Energy Processing and Equipment Co. The lower section of this
type of machines is the grinding zone. A ring of grinding nozzles within the grinding zone
is focused toward a central point, and the grinding fluid accelerates particles of the
material being milled. Size reduction takes place within the fluidized bed of material, and
this technique can greatly improve energy efficiency.

Opposed jet mills are similar to fluidized-bed jet mills, except at least two opposed
nozzles accelerate particles, causing them to collide at a central point. Opposed jet mills
may be commercially obtained, for example, from CCE Technologies, Cottage Grove,

Minnesota.
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oxygen) serves as a bl ow ng agent that, upon heati ng,

causes expansion of nolten frit particles to form
w@b@s318¥)cr obubbl es. By control |l ing the anpuntP@f/US2006/015802

sulfur in the feed, the amobunt and | ength of heating

to which the feed is exposed, the nedian particle

size, and the rate at which particles are fed through
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(hyﬁadgnﬂesignatlons "M CRONI ZER JET M LL" from
Sturtevant I nc. Hanover, Massachusetts;

"M eI Rhg proseud iypRtiprthe priled frids Jassifiedito vidld ar
dl%ﬁ Iﬁ%h%‘g%ﬁ%ﬂe!ﬂhﬁﬁg 9 %gch 1Mh%§&e]cﬁ¥s febd P forming glass

ner gy cessing an
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thip 75 R el B AT O IBENsF 0 T oSS A UL s on
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By utilizing narrow feed distributions, the present invention provides an additional
degree of control that may be used in the production of glass microbubbles as compared to
current methods for forming glass microbubbles known in the art. Typically, the main
process variables in the formation of glass microbubbles are the equipment, sulfur éontent,
and the feed rate, and median feed size. Controlling the feed size distribution according to
the present invention advantageously provides an additional process variable that may be
varied to achieve a desired result.

Classification is performed such that at least one fraction, typically the coarsest
classified portion, of the feed has a span of less than 0.9. This fraction is therefore isolated

and used as the feed for the manufacture of the glass microbubbles. Remaining finer
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Fl ui di zed-bed jet mlls are avail able, for exanple,
under the trade designations "CGS FLU DI ZED BED JET

wWOLMWE/11§900DmM Net zsch I nc., Exton, Pennsyl vani a;PErtiS2006/015802

"ROTO-JET" from Fluid Energy Processing and Equi pnent
Co. The lower section of this type of machines is the
grinding zone. A ring of grinding nozzles within the
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haVeld si;a? 6¥&EPIaRY gﬁi}n dupp c&’s@? ?@cg rpa? %lzagsqﬁc %lcceorrgltn to the
partrc

causi ng emto cent raI
pmﬂ)ﬁm&njlm isrdebikableray be commercial ly obt ai ned, for

M QU FRBFE PG Camay RS ed TRl fasex Bl irasingscrcens
(1ﬁclﬁ&ih§ Lsfélx/@s) Salnzﬁaﬁﬁﬁ:érg ek We@ E‘lassllﬁhrgné W5 Wathds tohgl %ﬂn%{g the

a particle size di'stribution can be expresse
fepﬁalaﬁ/call%dmmgdfornul a: 90P -10P = = span 5()3
ercent g

f whi.ch t
e ST Bn &) P sl o DRue ardeils%%twprogﬁr%about
3$ﬁ1e§1hﬂ1r&£gthfht RECHRdUE 400 HbsheccorlH thA I Bés?g%aﬁ&{ E11-04
10 percent of the particles in the

ermﬂ@fl S@aflaré rpagificaiam for Wirer Clody andSievesfer Testing Butposes”. Such
Slggsﬁﬁﬁigé (ﬁ)tﬁh%cg %I’O]iﬂﬁ:%ﬁﬁlll& gﬁpﬁpﬁo&? S]SC%T aSWH)II’ %}Qa Sf))le pﬁév%grﬂ Wire

partic Pon ar e shal

Clotle Compenly, INewask,tNwav K@tdy. percentil e size); and GQ
adat | on uot| ent. The gradatign

t Az
Zug? g@?ﬂtb% Qr QP%%II% %H?Bﬁiley Ok R¥AMPlerereYitatignel alapsifises, insrtinl
clagsBffs, an&‘@%tﬂﬁfga?&%rﬂe}\ﬂQijassﬁ@fsta!r&H:Iaﬂflﬂl YvaifGieUtorh OF

Gaussi‘an particle size
commercial sources, for example, as available from Hosokawa Micron Powder Systems

under the trade designations "MICRON SEPARATOR", "ALPINE MODEL 100 MZR",
"ALPINE TURBOPLEX ATP", "ALPINE STRATOPLEX ASP", or "ALPINE
VENTOPLEX"; or from Sepor, Inc., Wilmington, California under the trade designation
"GAYCO CENTRIFUGAL SEPARATOR".

Once the feed has the desired span, it is fed into a heat source (e.g., a gas/air flame,
approximately stoichiometric) and then cooled. Upon exposure to the heat source the feed
typically softens and the blowing agent causes at least a portion of the softened feed to
expand and, after cooling, form a raw product that comprises glass microbubbles,
optionally in combination with broken microbubble glass fragments and/or solid glass
beads that did not expand during heating. Generally, it is possible to adjust process
conditions such that at least a majority by weight of the raw product comprises glass
microbubbles. More typically, at least 60, 70, 80, or even 90 percent by weight of the raw
product comprises glass microbubbles. If desired, at least a portion of the glass
microbubbles may be isolated from the raw product, for example, by using flotation
techniques as described in U.S. Patent No. 4,391,646 (Howell).
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di stributions, uses the nedian and standard devi ation

of the particle sizes to describe the distribution.
w@ewontiony to the present invention, the ml| eBCT/I51006/615802

classified to yield a distribution of having a span of

l ess than 0.9, which is then used as feed for form ng

gl ass m crobubbl es. For exanple, the feed may have a

sparnGlafs massbubbles ntayds, prépa8@] omappatedus Juek gs thoamd&ciibed, for

ARSI H M5 M) Sulio DA b . o

de@alﬁ%@h&ﬁ‘mﬁg hbétﬁigﬁ:o‘ﬁﬂﬁﬁn@&aﬁr 'b@ &'&xﬁfd tbﬁé?a&n;ﬂ'@ﬁll{l] S3Phtent Nos.
about 100 mcroneters, nore ically fromat | east

3,3(0ht5 Beck etoand SO67i726 (ﬁM@l’Séla ) th@rﬂjs i stodwihichone
1n£c{r‘8§9a%ﬁ he?e%% ?Q‘é’ﬂéc i &8 Qﬁggtty% m croneters. By

I Z1'ng nart i ons, the present

I NV eAtdoeding toothe Pessedinadtion, the sdw ﬁﬁ@ﬁa&?qﬁf:alb}olﬁﬁs raGhedian particle
that may be used in the production of
siggi1g @661&85’& fdeony 3 to 8%%@9@@% mqr%mplwﬂy Rdeld 5@ gicrometers, more

tyhiehiy & E?I‘(I)B’l%&b 4RRbAS e}ﬁﬂgamlegﬁéfshla ?a@t[pﬁodufct may have a

ypica mai n process varila
mcﬁlargpmasle mzero&ﬁlaulﬂbét &6 naicenidies.efhe mvepodudtbiaf aspan of less than

ntent, and the feed rate n dian fee
08 5 FbtamegetditeaSaes Sarar S rERe B hr sledeSida 060
t he 1a1088 8RtholME@RhO QlaM@%B%%féb‘ silay HAVOY ka%i?g?ht ?e[ho of alkaline
addi ti onal process variable that may be varied to

carth mesyl @xidede sikalidnetalsayide w@ghtg@tlo ircatange of &. 2pietpf3d9 ieahd

| ea one
wRGH b 05 Pinek P by W nt PR Bbini BridBh com s 2g 45 8 percent
SiDgs8 td Maperberd Call)B3o Brpafdenma G, dnliQrt8f10RrdeaOBAOSd and
uSed as the feed for the manufacture of the gl ass
m cr obubbl es. Remai ning finerand/ or coarser
fra%;l nes be, for exanple, used to nmake gl ass
m cr i i cal properties conparable to

exi sA ksfigadcae sm Pofipe BiddH (RS irREnti BPE PEpaRAty! lﬁ&cﬁpasﬁatlﬁg the glass
Typically, as obtained fromthe above-nentioned m |l

m@mbblé& hhtaq\unr()éu@di@s;@@ed eeeveinig afeplumelicresinguatiisn of

par tgu(it ?le‘;flgszngss 1élclu\ég %ﬁ:eo l %/eé gr%c? ﬁ%rarﬁcp%g%ﬂergsh%sr e?n? IB%JPF re%dlly
selba’&ﬁfbyamhetskﬂl&a lin ﬂie&@ﬁ ubdaligdependasidna atlieag paft dnhtke desired
application. Illustrative examples include thermosets such as epoxy, polyester,
polyurethane, polyurea, silicone, polysulfide, and phenolic resins and thermoplastics such
as polyolefins (e.g., polypropylene, polyethylene, fluorinated polyolefins (e.g., pTFE,
FEP, PFA, pCTFE, pECTFE, and PETFE), polyamide, polyamide-imide, polyether-imde,
polyetherketone resins, and blends of two or more such resins. The resin may be
elastomeric or not as desired. If desired, other additives might be incorporated in the foam
composite as desired, e.g., preservatives, mixing agents, colorants, dispersents, floating or
anti-setting agents, wetting agents, air separation promoters, water scavengers, etc.

Suitable techniques and processes for incorporating selected raw product or

microbubbles as described above into the resin to form the desired syntactic foams may be

readily selected by those skilled in the art. One of the advantages of the present invention

is that the increased strength to density ratio of the glass microbubbles may permit the use
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present invention is desirable. Suitable apparatus for
classifying the feed include, for exanple, vibrating
wa@eream®o( i ncl udi ng sieves), air classifiers, BOTUSEING6/015802
classifiers. O her nethods of classifying the feed nay
al so be used. Suitable screens include, for exanple,
si eves having a designation of from about 35 nesh
oftrhore m'@orcms fbmsbmpbsitetfoﬁﬁmionm imemdpdatinnyodesseAIhiv enabling

Si t 04 entitled "Standard Specification
Ot%rgo%e%% @Jaﬁ)‘?lﬁve&lnd Si eves for Testing Purposes". Such

Si eVesndBisaivRRkanpRd of fiam ﬁl@]@ﬁfﬁétﬁhﬁ‘é pRIBRE ﬁ5§m§§" BEused in
as, for exanple, Newark Wre C oth Conpany, NewarKk

thmws%nswtlosmdmlb@w&l Progessing ichitenting, mtatmixifg reaction

avitational ers
info O P12l ol A4S R e Shdng oBRERIGR planctary mixing
whicR &t Hrlo®nSto de @is¢ ER tHeymoyed ifdreddll£iohk, Qi COmMFBhEdiAg extrusion, and
sources, for exanple, as avail able from Hosokawa

inyctemolingiwhionase knayn tecderused orithermeplists fsaulagnas.

TURBO ER AT - B AT B e B e totovs.

VENTGREE/rtactic HolynetBegof‘GSPIK) pip¥\cbatinggharation is prepared by first

Califor t he trade designati
AP Dl AP BT O IR B erst 2D B dosatic
pr%%ﬁfb collbpdeSefifidndeNvih 2RI RAVESS, (:ﬁang exteﬁdegs?‘%éﬁr}"sg driers,

apprOX|nater st0|ch|onetr|c en 'coo
etUp@ml @gptssdlr &he Molutne fragtion ebmtcu:ebttblbhssfoeeaw pyoductahltijese systems

{ t
is ol RO S hbis Freunat e iy O BAAG cxpsaltiiers, gpmediately
PUEREdiifg, a theldBaity SrdinaHigGl 1ehdth lof pREPSH &E&wﬁﬁe&ﬁ@ensed onto the
m crobubbl es, optionally in conbination wth broken
Dipg. dp B15kB Bltkermaly nspletigepalyyreshtare oipesoriing. gigher neeifis strength
m{c?@gubgkg F?atw gﬁ&ﬁﬂ%}dallgw's 'f&gelﬁl&agt 1o0eey dg?s'i]t %H(tﬁ rei“otr? !lo%ver thermal
0Ssi bl'é to adjust process conditions s t

colnéastivﬂa, Pipg 06ating doynpositegdita givert hechaaivalyteeyitl which can be thought

rs as
of in [créprms 0 de[%lm ratlsng, or ability to be handled in harsh conditions during the pipe

laying process, etc., or a higher mechanical strength (depth rating, etc.) at a given density.
Glass Syntactic Polypropylene (“GSPP”) thermoplastic thermal insulation pipe
coatings comprise microbubbles or raw product dispersed in a thermoplastic resin, usually
polypropylene, and coated onto the pipe in a side extrusion or cross-head extrusion
process. These coatings benefit from the increased specific strength microbubbles or raw
product in two ways. First, this thermoplastic coating is mixed in a compounding extruder
at relatively high volume fractions, again around 0.5, and applied from the extruder or a
melt pump at moderate to high pressures, so the microbubbles or raw product have to pass
that first potential breakage regime in the extruder, as well as the microbubbles or raw
product now coated onto the pipe have to survive the harsh conditions being handled in the

field and in the pressures exerted onto the coating in deep water.
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m crobubbl es. Mre typically, at |east 60, 70, 80, or
even 90 percent by weight of the raw product conprises
w@b@s4a18ycr obubbl es. If desired, at |east a poPCT/U82006/015802

the gl ass m crobubbles may be isolated fromthe raw
product, for exanple, by using flotation techniques as
described in U S. Patent No. 4,391,646 (Howell).d ass
m cr Bkplbgivess may be prepared on apparatus such as

3, 235 GERSE b Rl BisBmprtlo g Bansof sl sqputignand fuel
inftue tdrar omteamdlﬁoﬁ NaSy, bt gél. Bxatiphy of oRididetOMat 478 Ysd?el in water-

found faor exanple in U S Patent Nos. 3,365,315 (Beck
based gxplosiugrptiherimyentiog ipsde bigfiarg notdivaited| te aiterieichiorate, or

pé’i’@ﬁlsgt@sra?ts Rg glghg)‘ﬂﬁgﬁ tesgd{ﬁﬁ{ & pﬂbé%éw{r? ﬁlﬁ{l/rgt%?xgs opg%a#eérﬁldes such as

entirety.
mpnadeiby] dryipk aittdty, ahdsombimetiomthgacf. i cl e size in a

ran of from3 to 250 m.croneters, ret
to 1EEmlES %ﬂ%ﬂéﬁgﬂ aFFoH‘Séf‘ﬁ;‘r‘bWé?ﬁ gsed ‘eploggt tncflde hny fuel
chaEl% Qﬁ'ﬁéﬁg xidizedSa %ﬁm“:ﬁ@){ﬁlcﬁvé zfﬁieﬁﬁ&ﬁ ARAUDHCHRYN.

have a nedi an partlceS|ze of at | east

Spactlicoeremplas.indtde, lbawlrp mothimitedtos fizel Qﬁahe&ﬁ fueh gasalirenkerosene,
L ess: tha 75, 0.

et al ol w PR R R bt b Bt R i ippimom, and

thglldes m crobubbl es may have a weight ratio of alkaline
earth netal oxide to alkali netal oxide weight ratio
i n alhawgier-bpsed explpsives of the inventien ipglwde micrebubtdesser raw product

B G BN 16, SEUICT PR, R 369 LR

oﬁesstiha{ﬁ 0.88.2.80,,0r @neh Bsd thard 0.7pcthe 6pdn M2 Blso Be adlieadtioon In order to
of nt act c Foam e of .the,

f gblﬁ?se‘ﬁfh S%g;t%p %egg ! Qa COHDOSI 1@ pagticle size of from
atm:ééf %ﬁb@lt@ abdifi 108 WhiPoRRHES, n‘ijcﬁé %1(9&?19 fﬁﬁ?‘dﬂeﬁﬁ taQOLﬂ 3 to about 50

polymeric resin matrix. Sui't abl € ‘resins incl ud
midremeatetse andhmdret fypicalbp frast 4t deaseations S emabowti PS5 tmcmmthrs y

sel ected by those skilled in the art, usually

dependent in at |east part on the desi r ed appl i cation.

|1l Ushe REbIYiBg CavaPRIdASt isBRIl BsteyHtEet38S StploswCdpplisations has a
mggg;l( %értlgfel aignictetgrr in the range of from at least about 3 to 150 micrometers, more
typically from at least about 5 to 100 micrometers and more typically from at least about
10 to 80 micrometers. \

The microbubbles may be surface treated if desired. A variety of methods are
available for modifying the surface of microbubbles including, e.g., adding a surface
modifying agent to the microbubbles (e.g., in the form of a powder or a colloidal
dispersion) and allowing the surface modifying agent to react with the microbubbles.
Other useful surface modification processes are described in, e.g., U.S. Patent Nos.
2,801,185 (ller) and 4,522,958 (Das et al.).

Various methods may be employed to combine the microbubbles or raw product
and the aqueous oxidizer solution-fuel mixture. In one method, a water in oil emulsion is
prepared. Microbubbles or raw product are then added and uniformly mixed into the

emulsion.
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pol yur et hane, pol yurea, silicone, polysulfide, and

phenolic resins and thernoplastics such as pol yol efins
W@ 200g/1189pDIl ypr opyl ene, pol yet hyl ene, fl uori nat BAI/US2006/015802

pol yol efins (e.g., pTFE, FEP, PFA, pCTFE, pECTFE, and

PETFE), polyanide, polyanide-inde, polyether-inde,

pol yet her ket one resins, and blends of two or nore such

r esi Raw prodhict megy he p@;erﬁen theapguennsoxidior splgtiogduel mixture in

r es 0

St i b BAMEaRELAN By Vel s fbous 2900 by ary

wpigRE Efovieitones.5%Tbix d@gwagleu"tb abomql()% Byis), w@i'gmp efidRomSbout 0.5%
floating or anti-setting ents, wetting ents air
bBééfp(a‘f"?igliltdﬂ abow 5 By dry %}gb’fr asechOR Higdetal W@ng t ofdhe eeippesition.

ThEELBUES S 00 A 5 R b 0GRl BB A Lo

mixverer merepreferdbdy dispdreeddesforaty thynighottithe dqereosas omizbesolution-
ﬁ%FI| sel ected by those skilled in the art. One of
antages of the present invention is that the

I ncremaerspetifistigd bf the 1ﬂﬁfb§/b«§ Xpercﬁid s@reﬁéth%ﬂi%rc@uﬁ@l% or raw product
m crobubbl'es may permt” the useof nore rigorous foam

asdsapriheid therdfin isria theoareaef erauwlsipn leaplosive pensiizetiers , Uschefgaw product

h b hi.eved.
oo el Pl AR 0B PR SRRt s MRl b Fosive
Degieskebsing RehdreeisrRAte dMMe ficroBubbléd to @611t @b to the shock of
processi ng, cast curlng et er HIXIH% reaction

expigsiaa: | Ui qa?éh%hlﬁber spenifie AizRngth mégrolibbln wserarance with this
1n%ﬁ(tt)o%%llcag%?x”oﬁ %ﬂ% %}ﬁ{l <l rru lsiQ/g Wi ﬁg)r@x;ea &8¢! gﬂ:ssmg

e use |ons conpoun
reaxﬂancesmmlnncmanédlenplemwe ontpaopedivund vwlumeh ’Ia[sas Knewnthe dach ehat there
ed for t stic f rnulatlons |II stra |ve
PTRETOLOSHE a?lﬂ Loss gt AlrS wenRif ol B@eﬂ’? g&sw

mﬁﬁkahmg the@rRal s%)iﬂh?&fde%m%%iy&ié e, (" CBPU ) pipe
coating insulation is prepared by first m xing

sui tabl e m crobubbl es or ram1product usual Iy of at

| easllu@@dye®PBlesi sostati c pressure col |l apse resistance,
with liquid polyol resins, chain extenders, catalysts,
driers, etc., and degassed. The vol une fraction of

micr Gi&b‘@ﬁh&§b®blds%¥‘éﬁé£éaddé€&rdir{g th hﬁéﬁrey@hﬁ@ﬁmrﬁm% b&thcluded in
appr ox. hi s prenlx is mxed |socyanate

rdymese mm@@pg and mrAydipsioaally be mixed w1th sohd glass beads. Examples of
suitable polymeric materials include thermoset, thermoplastic, and elastomeric polymeric

materials.

The present invention may be used to advantage in a variety of syntactic foam
applications. Some illustrative examples include: in the transportation market, e.g., body
fillers, frame stiffening foams, underbody and seam sealing coatings, sheet molding
compound/bulk molding compounds, reaction injection molded parts, compounded and
injection molded parts; in the construction market, e.g., sprayable paints and architectural
coatings, composite wood substitutes; in the aerospace market, e.g., void fillers, high
performance, ultra-low density starved foams and other composites applications where
higher strength to density performance is required; and in the wire and cable market, e.g.,

low dielectric constant extruded wire jackets and cable filling compounds.
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punped into a nold cavity surrounding a | ength of
pi pe, or otherw se di spensed onto the pipe, to nmake a
wo b@oredoby i nsul ati ng pol yur et hane pi pe coat i nBCT/HEZPhe015802
specific strength m crobubbles or raw product all ows
for either a |ower density, and therefore |ower
thermal conductivity, pipe coating conposite at a
gi ven mechani cal strength, which can be thought of in
ter { ]
har g[ﬁb_] tﬁg&F I&(gvr%}%gu ¢ r;cldl% %@e%'tloﬁ ﬁnqh% gllhbsﬁroagedeog’ t'he {ollowmg

nodFlirfitin GRAHPRE, qimatheq@huﬁmarr emértak( ﬂmdibm the@of fkited in these
at a given density Synt actjc Pol ypropyl ene

expmgisers) welhas bl oagflnﬁ@n% mslr Aetpils, saenldnpihe gonplgued to unduly limit

1h§QR%%B8ﬁ conpri se microbubbles or raw product
isperséd in a thernoplastic resin, usual l'y
Expoiplew opyl ene, and coated onto the pipe in a side

extrysi on or cross-head extrusion process. . These
c oat‘ffﬁais QShsTASemOR ol PR, PRCPYASSS T8RS EiG Ffbth§te|x%rﬁ§]€ﬁ and the

reﬁ‘o? E&@ﬁ@&h@ﬁldﬁr aré BYWvRIAM Ul alled8BtsWRYSin thé ESdmpledNysre

hernopl astic coating 1s mxed inh a conmpoundi ng
013éam¢d,| deareayailabla trone pgnerdl ghemishlLswppliera sedhassfor gyample, Sigma-

I f h
A@E}ﬁfs E%{npﬁ% esl%gﬁ& ggs W%ﬂu%,?og] Sntg%}' eesxytn gﬁé%gy convenJuonal methods.
m crIgbh)ebfaﬂl@stgre;{aﬁwmf oduct have t o pass that fir st
potenti al breaka % regime in the extruder, as wel

t he 'PPEROBUBISITR RO gt ‘e Ao df @arcswtsamélﬁ%than 590
o RER SRR IR B PR enGaBRENB L o8 oxerted ont o

wat &R detefip Gel s CEbiRme o8 perrenclys Leiidmigrometers
g hSRaRRRs SBen B ipsBie (hat are userdi in

hot I3 S b i ki Cerbeis Se! T JpQPUHPBIFIS0 BAPEE fom
Ui TP fAmERe Bl crazi nes, orsanic

oot 507 i @5 fobipresrbed Fod v SisdebaRstef Srines, West

bl e of being oxidized in a water-based expl osive
Vﬁ@H%éfl ned in this application.

"NapCO3" refers to soda ash, obtained from FMC Corp., Greenvine, Wyoming;

"NapSO4" refers to sodium sulfate, 60 percent smaller than 74 micrometers,

obtained from Searles Valley Mineral, Trona, California; and

"NagPoO7" refers to tetrasodium pyrophosphate, 90 percent smaller than 840

micrometers, obtained from Astaris, St. Louis, Missouri.
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Specific exanples include, but are not limted to,
fuel oil, diesel fuel, gasoline, kerosene, jet fuel,

wa@b@wehwissl waxes, as well as solid organi c andP@BU82006/015802

particles, e.g., alumnum and the Iike. The

wat er - based expl osi ves of the invention include

m cr obubbl es or raw product nmade froma feed having a
Tphietlolds| ess than 0.9. For exanple, the feed may have

a span of less than 0.85, 0.80, or even |less than

0.75; the span may also be at least 0.7. In order to

f or m @L8sSpaHiGE PRUGH BeteARlinBet | N9, the feed typically

has @ nmedian particle size of fromat |east about 3 to

aboud fulcandmatedgnedisplacament pygrioowtdrpbiainad wdel the srade

piadition™ A SRt 1B CUBTRG CER O ARl Q. Sias. Georeia

wisagsed td dgerniié Me@Rbsty dfaBd edmpddite WRkeial Babgdssasstiasiavéording
applications has a nedian particle dianeter in the
to At L P344-6h A veraga diruaBticlcdansit sHAew sraspleres”.

nore typically fromat |east about 5 to 100

m croneters and nore typically fromat |east about 10

t o Sfurtitle S eémindivm m cr obubbl es may be surface
treated .if, desired, A variety of nethods are avail abl e
for hesasF 5178 @sﬂa@@a%?@e&;ﬁw 5B ampTLisle ?1%?1@33(2%?"3‘113‘“6
urkleSthe tﬁgg H8GortisH M ERR A TRE COUNTBER 9801 307 Grdll Beckman Coulter,

m cr obubbles”(e.g., in the formof a powder or a
Fullsrton,i @alifoniz per si on) and al |l owi ng the surface

nodi fyi ng agent to react with the m crobubbles. Oher

useful surface nodification processes are descri bed

in, e.g., US. Patent Nos. 2,801, 185 (Her) and

4, 52&;@%&11@3 et al.). Various nmethods may be

enpl oyed to conbi ne the m crobubbl es or raw product

and TihesRABRVIIhO XNl ARFobRBbIS isARedstiRl udinstAREM DI 02N 2;
method, a water in oil enulsion is prepared.

"HtdeossBiedEnlipsoPirensth pf dollew (Base Miseaspleters avitnide exception that the
sa rr])llef Q& n?)fy lg%s)gigrolbﬂggleg ﬁel O.erg]‘fl Re %&Sﬁ%}(&r% Lo TRRY &ed in
T he ution Al XEUr &

presen agueousoxi drzer °so -tuel
gliyeerol (20.6 g) and data reduction was automated using computer software. The value

C

reported is the hydrostatic pressure at which 10 percent by volume of the raw product

collapses.

Preparation Of Frit

Frit GFC-1

Frit was prepared by combining the following components: SiO7 (600.0 g), NapO
- 2B203 (130.8 g), CaCO3 (180.0 g), NapCO3 (18.7 g), NapSO4 (20.0 g), NagPr07 (6.5
g) and LipCO3 (10.7 g). Mixing was carried out by tumbling for 3 minutes in an 8.7-liter
jar mill with 6000 grams of alumina grinding cylinders (both from VWR Scientific, West

Chester, Pennsylvania). The batches were melted for 3 hours in fused silica refractory
crucible (N size; available from DFC Ceramics, Canon City, Colorado) at a temperature of

about 1290 °C (2350° F) in a quick recovery electrically heated furnace (from Harper

-13 -



varyi ng anmounts including, e.g., fromabout 0.1% by

dry wei ght to about 20% by dry wei ght, from about 0.5%
whyoodnysovei ght to about 10% by dry wei ght, andP€T/082006/015802

about 0.5% by dry wei ght to about 5% by dry wei ght

based on the total weight of the conposition. The raw

product is preferably dispersed throughout the aqueous
Eloxiridj "f@ryvs'kkt Wanoecticud)! Tie x¢sulting malten ghasefres gbénched in water and

L f y throughout the aqueous oxidizer

d%%ﬁ% rﬁé%&?h Thus a specific use of the

|nproved specific strength m cr obubbl e or raw product

as described herein is in the area of enul sion

expl osi ve sensitization. Use of oroduct as

descri bed h&rks GFe=nthrongh LihC10 andi G5l throneh ¢

resi stance of the enuIS|on epr03|ve Dead preSS|n? IS

t he FeisiEGAde G&C thendGEriohuwgh £3F- ﬂ@ve@@pnea@@éa ing to the

pro%;eedu§c¥I ? sc%gecdr% Cl?lb@ . e)y%gt t?lat t?,}% glass ?cw"?gchsictg %Cl fd ' ile% as

repmltéd mllrabwfgfelcav)packaged emul si on expl osive wi t h
I nproved dead- pressing resistance and increased
expl osive output per unit yaRymer This is due to the
fact that there wll be nore explosive and less inert

gh@ss per unit vol ume idyL0g PeekRY8ent Mihhs
nalntalninq the criti APnsens h§£ ﬁ%ﬂ%??v of the
enmul i 11 ystratiy U%§§ | @ .
pr epargg)?ac coiréI (5ng t eN?‘?e p3 e:eeél%dgw %ngp rri\{/a4ggo7 LipCO03
i ncl uded i ?B% c materials and nmay optional ly bg
mxed withis GS aps beads. | Exanpl €s of suiljtabl e
Cﬁplgnerlc erial's | nclude therposet], thernmoplasiic,
l @&-QJE 0ol yrer ilé-7mat er 1808, [Thé0Hr egentd-> 10.7
TMVeENntT on y be use to advaptage 11 a vari gty of
(ﬁyhﬁacﬁmbOfoaﬂﬁﬁﬁpll cat i18As. BSoAe0.0| [juseP&tive 6.5 10.7
exanpgtes—inetude—nthe—transportation—market—e g
GFedy |f600.@ns, 28&e sti B588ni ng fidaks,| urtder body &nd 0
caonamlcpoal 1 hy ~nAat 1 NAE chaoapnt hnl dinao
SCeCUTIT|owvuUr 1 Ily coOoUlUT1 IIy.J \Jllbbl ToOT 'l IIH
GFC-5 | 600.0 123.9 58.5 172.9 5.0 0 0
GFC-6 | 600.0 123.9 58.5 172.9 5.0 0 0
GFC-7 | 600.0 130.8 18.7 180.0 20.0 6.5 10.7
GFC-8 | 600.0 130.8 18.7 180.0 20.0 6.5 10.7
GFC-9 | 600.0 123.9 58.5 172.9 5.0 0 0
GFC- | 600.0 123.9 58.5 172.9 5.0 0 0
10
GF-1 | 600.0 130.8 18.7 180.0 20.0 6.5 10.7
GF-2 | 600.0 123.9 58.5 172.9 5.0 0 0
GF-3 | 600.0 130.8 18.7 180.0 20.0 6.5 10.7
GF-4 | 600.0 123.9 59.6 172.9 3.5 0 0
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conmpound/ bul k nol di ng conpounds, reaction injection
nol ded parts, conpounded and injection nolded parts;

WO pooshesoepnst ructi on market, e.g., sprayabl e pRCTUS20861015802
architectural coatings, conposite wood substitutes; in
t he aerospace market, e.g., void fillers, high
perfqrnance, ultra-low density starved foans and ot her

plications where higher strength to

density perfornance is required; and in the wire and

cable market, e.g., low dielectric constant extruded
wire jackets and cabl e fi l[HeedgScanpounds. Obj ects and

of this invention are further illustra

adva ta
by thlt ‘gg&rb\Rf%P&rerﬁ‘&I?OV?:Mﬁsupﬁﬁlagﬁfﬁﬁ?b@;‘%‘lﬂ%@ dtsﬁénlll (avaﬂable
uﬁ&!’r tHeatdR rdeﬂ@ﬁﬁfdna‘ll)@Lm%ﬁSd pﬁ%ﬁof‘ro&eﬁch Zﬂ | Burbank,

hese exanpl s, as wel | as other conditions :
Cdleﬁomla)SSqungdl dthrestankie dmm sud hesing anO Oﬁ@kmhqh (Di762¢tmmhowter gap.

nyen ess ot her no all part
ThENeE R et Bl fanglon BIEE Theffopene e ieSitaor ool o & B bed
jeOhill (EalaRe bhde Wd PatclcSighMtioMe AIHINEANOIET, 10 AL tidm
used in the exanpl es were obtai ned, or are avail able

Hpsokagdfisran Pw@ﬁwﬁms@mm@ﬂgew Jemeydsyieldarg EecdrﬁﬂCel median
g Mo aint Louis, Mssouri, or may

st e ggr?tgﬁlélg{oze%ergo onventl onal net hods. In the

foll ow ng exanpl es: "borax" refers to anhydrous borax;

Na2 gq : 2B2C3 90Ipercent snaller t han 590
m croneters, 68¥RiIPed  BSC-1Rgnd RSC-9

Cal i TR By o@equlr(ge:g)%lg;ﬁg - ktf%(f: Fhuis %%Mﬁ&%%t%s@%rlts GFC-

percent sna m croneters,
3,| GG -yhs GF Sy, A8 aand G EG shim: plédeiof GRE- 1 reshubting ih deddstobks FSC-3,

t 420 m croneters_obtained fro
F%’? ?SQ‘%@SE ) cial) AEsPeRGD 1 th MRgiRh oA AbIRaR dalues as
re; &ﬁéulg‘rdbm‘gers to silica flour, obtained fromUS
ilica, Berkeley Springs, West Virginia;

Feeds FSC-2, FSC-5, FSC-8 and FS-1 through FS-4
The procedure of feed FSC-1 was followed using to generate feeds FSC-2, FSC-5,
FSC-8 and FS-1 through FS-4 from frits GFC-2, GFC-5, GFC-8 and GF-1 through GF-4,

respectively, except that after milling, each milled frit was classified into two portions

using a centrifugal air classifier (available under the trade designation "ALPINE
CLASSIFIER MODEL 100 MZR" from Hosokawa Micron Powder Systems). Typically,
a coarse fraction and a fine fraction were isolated. Feeds FS-1 through FS-6 correspond to
the coarse fraction and Feedstocks FSC-2, FSC-5, and FSC-8 correspond to the fine
fraction. After classification, FS-4 was screened through a 230 mesh (U.S. mesh size)

sieve.

-15 -



10

15

"Na2CC>3" refers to soda ash, obtained from FMC Corp.,

G eenvi ne, Wom ng; "Na2SO4" refers to sodium sulfate,
woGoopaLssent smal l er than 74 m croneters, obtai PEDUR2006r015802
Searles Valley Mneral, Trona, California; and "Na4P2q
7" refers to tetrasodi um pyrophosphate, 90 percent
small er than 840 m croneters, obtained fromAstaris,

PrSparatieu$§ Glavs ddiorobitbblest Met hods Average Particle
Density Determination A fully automated gas
di spl acenment pycnoneGéss MitwboelsledRBEF] t he trade

desi gnatj on " ACCUPYC 1330 PY TER' from .
M crlégﬁ?gﬁﬁs(djéﬁre%?%? g le%\lq%% apaiypliggs/air flame of

apg) EhFieRestbRRioARAN frdpStiohd itk ABRBL Lo RE £6W BhlcAIARA to be
 ass résidual according to ASTM D- 2840- 69, "Average

abbuti2d. Piters/ miimntetrmtandgrdotemipietahuevand pressphendeat output rate of

oGRS B TS G120 SR it e rii S afibshed s icld the
Joegttbabpedud dehsityh eTHelTRER - BHd BAiduswas ol IR kNI Neith

LS-130" from Beckman Coulter, Fullerton, California.
angpierdriemperyeise airprd then sengraiediromtbe yisukiog gpe stetanbwitk ¢ cyclone

oS TESEE SADA  BiPUUEERE og gose

oft 48 with apparoof X.¥at t he sanpl e size of gl ass
m crobubbles is 10 rnL, the gl ass m crobubbles are
di spersed in glycerol (20.6 g) and data reduction was

aut ot &G BInHBIRHIE-2 SRLYRREC-J B RB1URJugR RpL£d

is the nNydrostatic pressure at whi ch 10 percent by

vol uGlessomidrblaibbies RGA e RPEP hixhBBsl thRngh RPat were @epared
éc%(r)ridtmgFtroitﬁe %gé(i{ure used for preparing glass microbubbles RPC-1 (above) except
using Feedstocks FSC-2 through FSC-9 and FS-1 through FS-4, respectively, instead of
Feed FSC-1, and using the values of gas flow and output rate reported in Table 2 (below).

Further, in preparing RP-4, the flame temperature was increased by enrichment with

oxygen.
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Frit was prepared by conbining the follow ng
conponents: Siq 2 (600.0 g), Na2q 2B2G3 (130.8 g),
W@C2a063159080. 0 g), Na2COB (18.7 g), Na2 SO4 (20POr/y%2006/015802
Na4P207 (6.5 g) and Li2CO3 (10.7 g). M xing was
carried out by tunbling for 3 mnutes in an 8.7-liter
jar mll with 6000 grans of alum na grinding cylinders
(both fromVWR Scientific, Wst Chester,
Pennsyl vani a). The batches were nelted for 3 hours in
fused silica refractorP crugi bl e (IN size; avall able
fromg ‘SCer ami ¢s, Canpn Gitly, ol or ado oat,~aoo
tenpecht&re of about 1RO (23D E’) @ ol ¢8
recovery—el ectrical |y [féat®d urhdte Efrn:mb 2
Har pefEl €ctric, Terryvjlle, |Connedticut). The
r esultTmg—Tof é‘lljl gtassfwas quenched T water —and—dr
g

(114.7)
9,653
(66.6)

L1

resullting in FEit GFC-|& Frilgé GF¢=2 thi@ugh GRC- 10O
and G- & GF-4 FPits |&FC 2 |to GFC1 0 afd G-
t hr ough @F-4 yere prepared dccordijng to|the ptoceduf
descrgpef fAr férit C%C-OL, except that the gl ass
conpo& t Eonwwas vdr i gd\tas r for t ecvj n Td&fl e 1l|€belo
TABLE] Btep@r aﬁi oA Cg Bed Aeed FSE& | Fr";‘,-‘t Gl ,

prepared above,” was ‘gartiallly crughed uging a|disc
ml | (—a¥a4_Lah e-under the trlade degsignatlion
" PULVERI £ D§SC M LL" from Bico,| Inc., Burbank,

Cal i fgn,ga) -Sed8i pped W= h cefani c |t scs |&nd hadi ng

1.15q

D

5785

3.77

0. 03( neh 0.%62-mm) Biter [gap. The reswdl taniSimill
frit (ap r OR mOg i ncrenment|s) wag then|further ml| ed
in affudbed jer m i~ (avaitabteunden the {rade
desi c%at Bonb‘ | NE MIREL 100. APG'|f r om|Hosokawa <
M cr yst ens, |Ssumi [t NewSJer sef), yl[8l di nga
Feed %I ,Qn“e@ an sizege= 2258 m|&ronefers , |8pan =
Feeds FSC- 3. FSG-4, FSC- 6, ESC- 7, land FSC 9 The

pr&jb,edur for making feedstdck FSC-1 was fol | pwed
exEpBE Ui ng frits GGy, @l S lg @l €lg Sla @
g2 5 N AY AR =R AR A
S ¥ & AR R =R B/ D B L
8
g
n ¥ 8 &~ e~ ~ © o) N=)
8 =} <] Vel el vy 0~ r~ ~
= 5 ™ o~ o~ N ™~ N
=
s 2 —r o o | 7 \°
5 O O O &) &) )
£ R =R |~ |~ |~
O g o~ N=) — Ne) o) e
kS g & S % = %0 &
o ) () — — — — — —
o .8
S 5 !
5 B § g
B s O |0 g o — o 0
A B 85 8 g |\ 0 <% \n A —
o9 A 2 = 8 |N o~ i w3 <f o5
3 = @ 5 |N — o N — o
2 g
o — o o < v el
1 1 1) i I I
3 o) O &) Q &) Q
o PR 72 72 72 A 72
2 i i & i &
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3, GFCG4, GG 6, GG 7,

W6 AHID,

respectively,

and GFCG-9 in place of GFC 1
resulting in feedstocks FSC- 3, FSC-4, FSC-6, FSC 7,

wi th nedi an si ze andPGPES2006/015802

val ues as reported in Table 2. Feeds FSC-2, FSC-5,

FSC-8 and FS-|

FSC- |
FSC-5, FSC
GEC 5, GG

8 and FS-1|
8 _and G-

t hroug

resp

t hrough FS-4 The procedure of feed
was followed using to generate feeds FSC 2,
through FS-4 fromfrits G-C 2,
h GF-4,

ectively,

except that
Sl assitiep
gglé35| i €1
" ASPIINE EEA
Powder Syst

t
\Y;
@L \§I

aften mili
ftwo
§|§b|§0

ER
ns). | Typi Ccd

Id

()

ng, e

&i aRs

deg
180

b1y,

ach m
usisg
%e%r
Mz
a coar

I
&

ed f
&N

rit was

trifugal air

ifle Besi gnati on
f¥ oix® Hosokawa M cron
se fraction and a

JLine ff{facti
‘%orregpond
ESC 2" FSC-

wer g 1Sol
t he\acoar
and“FSC- ¢

136

gtea.
e fra
3=corr

Eeeds
~fi on
2pond

am

C?

S-1
d Fe
o th

fractfion. A
Lhrough a 2
% diass M
&SC- 1 |Q prep
gas/dir fl4g

=n

r ¢l assif
mesh, (U.
obubbi es ¢
ed above,
me of [appro

te

R7B4S

i cati
nes

on,

R
ER
v

_FS-4 was|
N.Si ze
Micr ob

sed
y sto

o oy
I arti

m
=)

si eV
bl es
roug

-

~+

Jbe about 25
tand pressur
Founds? hr
to yileld th

pi. oD HEP-==

wi—-
WthRa—<€oh

0

& and |@n out
& 25 k& hr)

e | owest t ot

/ litars/mn

ut r
—The

al pr

at st a
e of
#h gas
bduct

nd

de

SAppr d
Qatid

ard

nsit

fl ame-for ne
v enpe

d product w
[ agd t hg
Syl
S’s mi

a-spa

AS COO0
XN Sep

e de
“Pobub

n of || 72

ed by
ap at ed
(Ve

v ce.
iPes R

(e

of

a

m Xin

ST 1)

rom
e re

ss._ N

9 an

(126) o
2.80
(1.27)

277
2.75

] RP-1

t hrou

(1.25)

gh

<
—

RP-

wy
<t

©

25.7
25.7

27.6
25.7

27.6
25.7

27.6

-1

RPC-9

-3

RP-2

4

1.45 | RPC-7
1.52 | RPC-8

1.43
0.87

0.86
0.77

0.72

10.06
7.19

10.64
36.75

38.46
14.85

74.61

FSC-7
FSC-8

FSC-9
FS-1

FS-2
FS-3

FS-4

t hr ough FS-6

edst ocks

e fine
screened

e. Preparation
RPC-1 Feed

h a natural

i chionetric
f+ow—cal cul ated to

t enperature

ximtely 2.75
was adj usted

y. The

g wth anbi ent

the resulting

sulting gl ass

had a nedi an
crobubbl es

4
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G ass m crobubbles RPC-2 to RPC-9 and RP-1 through

RP-4 were prepared according to the procedure used for
w@e@patsdny gl ass m crobubbl es RPC-1 (above) exe€pUS2006/015802

usi ng Feedstocks FSC-2 through FSC-9 and FS-1 through

FS-4, respectively, instead of Feed FSC-I, and using

the values of gas flow and output rate reported in

Tabl #alde Bbel ow). Further, in preparing RP-4, the flane

tenmperature was increased nri chpepnt with . .

Py é%?f;ﬁgegggegﬁw BropsBmilatoonh BrashPresine wsitance

%;g %yg XIS at i gn vY&t Dead\-gp_ressi nd resistance

¢ tive Exanpl &% %ﬂ?gﬁn Righty Weipht p¥plume, Volume
Wi ght Wi ght Vol yneSvol u¥8Ss g/RS cc | I"bbss Bkai o
Baseamulsion si on 11 3388 0044.3800@4.094. 0094006 8817 80.77
K%z GlpseBubbles bbl ds 00. | 3308766, 6@ON0| 66.00 1. 924 191933
Totals 1.19 100.00 100.00 10.10 100.00 Proposed
Tetalsrul ati on usi ng speci fi c 1589 e1§108 r ai0BPOdude.10 100.00
resulting in higher volume fraction expl osive
Propassshioratlation using specifiastesgthsaw peeldcdesgtiogin, Exanpl e
high&€owhmmechindcticn ekplbsiveenwiehtyatibhi i itie A egdehsitinddidansity
Exolplere $ :c | bs % gal % Base emul sion 1.38 97.22 97.22
COmpénedB. 54 | . 20 gtestb IPéHitPWeigh . - \BSGRAONbludhe’ Folume
2.78 1.66 16 .46 Totgls lgd® 10¢hsO0 10@, 00 10yal0 o
100.00 * K-37 d ass Bubbl es avail able from 3M Conpany,

Bo criitibn MN. Various nodi figatiggns andgpbi er a4 ipnssdks
0.58'5/%2¢, /308G BSI 0N ey be e, thy t hgsg 278 166  16.46
Totals 119 100.00  100.00 10.10 100.00

* K-37 Glass Bubbles available from 3M Company, St. Paul, MN.

Various modifications and alterations of this invention may be made by those
skilled in the art without departing from the scope and spirit of this invention, and it

should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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skilled in the art without departing fromthe scope

and spirit of this invention, and it shoul d be
war@enstoond that this invention is not to be urPdIiug2006/015802

limted to the illustrative enbodi nents set forth

herein.What is clainmed is: 1. A nethod of formng a

syntactic foam conposite conprising a) heating feed
Whatisrclaimediiti ons sufficient to convert at |east a

portion of the feed into raw product conprising glass

m cr obubbl es, wherein the feed has a size distribution

Wit hi aASIﬁaﬁho@Bf femeng ah@‘hta@tlg foeR BorRposite Q:@fn?ﬁﬁlﬂg |a§1§eat1ng feed
said raw product in a Ir%rrerl Cc resin.

uggfer éP%le!P shigient fo senvartiableastiapastion pltbel fasy latow@wrmduct
oSRERIFLAS AR e RL B L Behi M s s

thah &% and b} imsaipbsating said mw ipselsictinra pllpasid eking. 4. The

met hod of claim1 wherein said span is |ess than 0. 85.

5. The nethod of claim1l wherein said span is |ess

thany OTﬁQmeﬁlodUT%la'ﬁﬁtlmﬁerQiB s&idaben ik p‘M\%&i ® eﬁloaré@ﬂlprlsmg

is less than 0.7 . The nethod of "claim
méliing figtiamproddé mlllzcdrfangml dasstiyimgsatd hidled friQ. 7 up to
but not including, 0.9. 8. The nethod of claim1l
wherein said feed has a silica content in a range of
f r on3.69hé¢ meilfodRF @A WierviRictRbifyifly cdhiprismaliQthssifying.
claim1 wherein said feed has sul fur content in a
range of fromO0.01 to 0.65 percent by weight. 10. The
nmet hgd [ r Gt s a
redi A Ber RS e B AR ! 0 8555
m croneters. 11 The nmet hod of claim1l wherein said
raw uct artjcle size a_range of
fro 5%3 rﬂfe t@egwldﬁﬁén wé@%fambq 8@l aim 1

further conprising isolating glass m crobubbles from

6. The method of claim 1 wherein said span is less than 0.75.

7. The method of claim 1 wherein said span is in a range of from at least 0.7 up to,

but not including, 0.9.

8. The method of claim 1 wherein said feed has a silica content in a range of from

65 to 75 percent by weight.

9. The method of claim 1 wherein said feed has sulfur content in a range of from

0.01 to 0.65 percent by weight.

10. The method of claim 1 wherein said raw product has a median particle size in

a range of from 3 to 250 micrometers.

11. The method of claim 1 wherein said raw product has a median particle size in

a range of from 5 to 110 micrometers.
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the raw product and incorporating said isolated glass

m cr obubbles into said polyneric resin. 13. The net hod
wotooslisgdm 1 wherein said raw product has a nmedPErmusS2006/015802

particle size of at |east 70 mcroneters. 14. The

met hod of claim1l wherein said polyneric resin is

sel ected fromthe group consisting of polyurethanes,

pol yol ef ms, epoxies, silicones, and bl ends thereof.

15. syt act i oam ri sing.raw, duct di spers

o afholGreines oE 2R TARRERRRS B igine DS raBEbiHles fiom
thERh® piddicPdndtiBEorp StiRg S4d &bl hdsSRRrWuBBISs into said polymeric

m cr obubbl es, and wherein the plurality of raw producCt

reils a size distribution with a span of |ess than 0. 80.
16. The foam of claim 15 wherein the span is |ess than
0.75. 17. The foam of claim 15 wherein the span is

| ess13.HBle fethdd of Blain heviepsnsaill rod ptotudbhashen&lish pdrgcle size of
pan_is.less than 0.65. 19. The foam of claim 15
ata??é];%(?ﬁmfrﬂ@e%‘fﬁ?an is less than 0.60. 20. The foam of
claim 15 wherein the glass m crobubbl es have a wei ght
ratio of alkaline earth netal oxide to alkali netal
oxi ded.vEheghethpad bf clainm 1 avhreasig eaid holynirit résin & Blected famal the group

wher.ei n.at | east 90 percent by wejght of e copbi ned
ootk SpiprBtesyBobaleBE seriensigotespand Dlgnaheisor 5
percent CaO, from3 to 8 percent Na2q , and from2 to
10 percent B2G3. 2 1. The foam of claim 15 wherein the
raw pr otlggata¢izsfoamgiogtprisingtrawmpreduchdispersadi inm podymoérid resin,

' Lna.Jr e.of fro 0.250 m croneters..22. .Th
WS o SRS mu B PR b P RIS micrtbubbles,
andli wligréin ke plorality 6f @wROde haed §ik€ btriuibn Wwithd spaR 8€1e8d than

from5 to 150 mcroneters. 23. A nethod of providing a
0.8&t er - based expl osi ve conprising the steps of:

16. The foam of claim 15 wherein the span is less than 0.75.
17. The foam of claim 15 wherein the span is less than 0.70.
18. The foam of claim 15 wherein the span is less than 0.65.
19. The foam of claim 15 wherein the span is less than 0.60.

20. The foam of claim 15 wherein the glass microbubbles have a weight ratio of
alkaline earth metal oxide to alkali metal oxide weight ratio in a range of 1.2:1 to 3.0:1,
and wherein at least 90 percent by weight of the combined oxides comprises 70 to 80

percent SiO9, from 8§ to 15 percent CaO, from 3 to 8 percent NaO, and from 2 to 10
percent BoO3.

21. The foam of claim 15 wherein the raw product has a distribution with a

median particle size in a range of from 3 to 250 micrometers.
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a) heating feed under conditions sufficient to convert

at least a portion of the feed into raw product
wa@ompnigdng gl ass m crobubbl es, wherein the ferdI/Oa®06015802

size distribution with a span of less than 0.9, b)

i ncorporating an effective anount of said raw product

into a liquid explosive conposition. 24. A water-based

expl osi ve conprising (a) agqueous oxidizer solution (b)

fuel r I ct. . wherein said,raw duct has
2o 22" S B Fhera B R prR Bl ot RS
mbdian paftigr e ia alrande™dT Fing b RS @mScro@BrHXN a Wei ght
basis a majority of the raw product has a size

distribution with a span of less than 0.80. 25. The

expl gsi W ' ] .

0. 528 K ndhod dRBlidhol et Pacbd B B30 LnbiRins il 3fhps of

i s | ®dwatih@fecd uder carditidiesudhiqbmizo Cenvett at laista @ektion of the feed
. Wherein.the span is |less than 0.65. 28 he expl osiyve,
o 1oy @PW%&OW%@FI@S #15h B’l%fﬁg bl W érsiy T doeg 16 st2g dstibution
with 8 sPAPbOIRE4BarRH. 9Ch AihBBrgdraMhE BiE bife diRE ahRWhigrA8IGhw product into

conpri ses glass m crobubbl es”wherein said glass

a hijwid skplobive sompesitien.wei ght rati o of al kaline earth
nmetal oxide to alkali netal oxide weight ratioin a
range of 1.2:1 to 3.0:1, and wherein at |east 90
percent by wei ght of the conbined oxi des conprises 70

to 8. pareRatbaSIdepl i BobnprBinkY apR{ue il 0xidighr Solh@itnIb) fuel and

to 8 percent Na2q.,, and from2 to 10 percent B2C3. 30. .
(crrrav msodnels wherest said mvnproducihas & pige distiibution pridie medipg garticle

: [ : [ (o d [
it 8 4,015 oo 30 g 4 Ry Ry Lo rn
predpdtdes @ eize Histitaition 2¥ithwhepaeiofi 1dshithan &80pr oduct has a

size distribution with a nedian particle dianeter in a

range of from10 to 80 mcronmeters. 32. The expl osive

of chal TheldephiFeedMIdiMS40¥h&éiA e dpan 3€le8Chasl 0f750m t he
group consisting of nitrate, chlorate, or perchlorate

salts of ammoni um sodi um or potassi um hydrazi nes;

or ga%' C’Tl?er%)%?oss;iveao%la%%%i v(f]haetrieig e gprérel & l%fss than 0.70.
27. The explosive of claim 24 wherein the span is less than 0.65.
28. The explosive of claim 24 wherein the span is less than 0.60.
29. The explosive of claim 24 wherein the raw product comprises glass
microbubbles wherein said glass microbubbles have a weight ratio of alkaline earth metal

oxide to alkali metal oxide weight ratio in a range of 1.2:1 to 3.0:1, and wherein at least 90

percent by weight of the combined oxides comprises 70 to 80 percent SiO, from 8 to 15

percent CaO, from 3 to 8 percent NayO, and from 2 to 10 percent BoOs3.

30. The explosive of claim 24 wherein the raw product has a size distribution with

a median particle diameter in a range of from 5 to 100 micrometers .
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33. The expl osive of claim24 wherein the fuel is
sel ected fromthe group consisting of fuel oil, diese

wo e@b/1189a50! | ne, kerosene, jet fuel, al cohol s, POEKEXN6/015802
solid organic particles, nmetal particles, and
conbi nations thereof. 34. The expl osive of claim24
wherein the raw product is present in an anount of at
| east 0.1 dry wei ght percent.

31. The explosive of claim 24 wherein the raw product has a size distribution with

a median particle diameter in a range of from 10 to 80 micrometers.

5 32. The explosive of claim 24 wherein the oxidizer is selected from the group
consisting of nitrate, chlorate, or perchlorate salts of ammonium, sodium or potassium;

hydrazines; organic amides; and combinations thereof.

33. The explosive of claim 24 wherein the fuel is selected from the group
10 consisting of fuel oil, diesel fuel, gasoline, kerosene, jet fuel, alcohols, waxes, solid

organic particles, metal particles, and combinations thereof,

34. The explosive of claim 24 wherein the raw product is present in an amount of
at least 0.1 dry weight percent.
15
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