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EaARHHESESEME - BsnEsEEYEERRNR -  BAREZSTEY - BE
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it R ARSI EFEE SR AR E—BIEEERE - BESE R R
A2 . anti-ballistic armor skilled liquid material in the present invention relates to a functional
clothing, in particular to a stab and ballistic resistant garment. EEEA LSRRG B
i - S EImERRE - RiEEHheE - hEAEE - SSEENRMAREE - SHEREER

EEEgh . HEESAEERS - BACKGROUND ART stab-resistant clothing or body armor plate, the

entire plate made from aluminum alloy sheet, the body can not be bent, the steel sheet is also
useful, scaly aluminum alloy plate made small, only slightly curved body, there are disadvantages of a

large weight, L RAX LIRS - BEELBHRESERMENR - AIRGT - Rt S
» There is alse an aramid fiber cloth, high-strength polyethylene fabric manufactured body armor,
bullet proof can be, but not anti-stabbed. H{40 : B3c B4 HEAER T O fhsa= F o T oHHY
i . HIFA T2EHGERA T, For example: 3 body armor layer 36 may be fabricated Keviar
cloth 54 preventing the tapping of pistol bullets, but not anti-knife stab 24 joules of energy. LZHAM
EASENEMSRE—THEENE NS N wAEREER R - EREET - B - BRing
o . Hi A BT TEE S B R TR A TR B R R AT A
O - 94 - SEENEMMB EMES BB ; A8 - ooz = ol LI MR B B




present patent is: 1, do not show shear thickening fluid barrier properties especially at room
temperature, Stab proof material is usually very soft close, taking

ffifsE. stong. 2. RFEEARIFE—BERIDE - SRR P S AR 58 B R SR
- R R S R REREFER - B HERERS - 2, Stab proof material

in the event of impact, the hard nanoparticles in shear thickening fluid will be aggregated clusters, 5o
that the material hardens chain Stab proof barrier together play a protective role, strong protection

performance. 3. 4 E T & LEERB NP SN2 ERREFE - 3, a partial

salution to the eternal conflict between ancient and taking protective properties. 4, 2 7 BIEAE
HEFEmEE AR bR Rt EE NP ESE S - FrRioLIE SRR E RS
BRI  EEETIRERESEE - BET/ - EEUIES - 4, the protective material

impregnated with the shear thickening fluid barrier properties than did the same impregnation
material to be much higher, it is possible to use a thinner protective materials to achieve the same

protective properties, so that the entire garment weight, small thickness, and more soft close, BHE
iHAR# 2 EACRIE « BRIEF DESCRIPTION OF DRAWINGS The invention no. REFEESTULIF M
FEFHFIRAR - HEHARZETUILHRIFEEE - DETAILED DESCRIPTION The following description
of the present invention into ho, the scope of protection is not limited thereto. &5 &1 fe S50 0)18
EEdE - AT (ESH) - et 2RCRNFeoxiEZ —Bon Z2810% 28
10% |{FH S1nairEt HanRnaEtEREaED - FEEBEETHSRESE - =55
FEASER Y - ENE AR EET MR « Example 1: preparation shear thickening
immersion fluid, formulated as follows [weight ratio): nano-sized spherical silica particles of GD%
polyethylene glyool 20%: Ethylene glycol 10% Ethanol 10% The aryl woven fiber 1414 1o immersed in

the impregnating solution shear thickening, shear thickening sufficiently absorb the impregnation
solution, the impregnation solvent of ethanol after bake-out, Le., made of a liquid stab proof

material. fFRASEHEIEEERNAR - BisREsT —ERARERRR - S ARESPE

I - WA A CMITFAYs Eoh B# AR O SRR E S EE AR © The liquid material is

cut into pieces by a model, made by sewing together 12 5tab proof sheet, sealing the cover liner was
charged, and then into already ready-made enclosure made vest vest i.e, liguid materials of formula

stab proof dothing. ZLESR-EMTUIER2SE - BEANT ( EREE ) - SeREREENT
40%IE 7 ZFE30% 2 Z 2 0n 2 E1onS S S 141 S mE R Tt R EED - FHRE
SEBWEHHRISFE - SEREERAZ Y - BlEimESERHMEAEE - example 2:

preparation shear thickening immersion fluid, formulated as follows (weight ratio): nanoscale

spherical silicon particles 40% Polyethylene glyool 30% ethylene glyool 208 ethanol 10% aramid fiber
woven fabric was immersed in 1414 shear thickening impregnating solution, 5o a5 to fully absorb the
shear thickening fluid impregnation, after impregnation solvent such as ethanol bake-out, i.e., made

of a liquid stab proof material. IS EEHERENAR - Hiek 8 S5 —285 5B 8 e 5
R - #BAHESDEN - BEADFSA SRRSO SR EEEHEARERRIE -

The liquid material is cut into pieces by a model, made by sewing together 16 Stab proof sheet,
sealing the cover liner was charged, and then into ready-made enclosure made vest vest i.a. liguid

materials of formula The stab and bullet-proof clothing. SCHE 83 B SR PSR &0 - o5 F



D PRSI RS ST as% L 2R 3% KAk 2Tk FRREEEHESER
wEtlEEREED - FETaREIRREER - BaREENLEEL - BIF S

BREERFIFE - Example 6: preparation shear thickening immersion fluid, formulated as follows

{weight ratia): irregular nangscale polymer particles 35% 23% Polvethylene glyeol 15% ethanal 27%
isopropancl impregnated high strength mylon fabric in the shear thickening impregnating solution, so
as to fully absorb the shear thickening fluid impregnation, after impregnation solvent such as ethanol

bake-out, i.e., made of a liquid stab proof material. IFH-S S EEFRENE R - HaREsS®
—EEEI R R R - EARBEPES - BRREEEERNNEEREEE AN ER IR

HEERIEFEEAEIRR - The liquid material is cut into pieces by a model, made by sewing together

32 Stab proof sheet, sealing the cover liner was charged, and then the inner liner is connected in
leather i.e., a liquid material made of fashions the stab and bulletproof clothing.

Claims (&)

translated from Chinese

1. —HEEGEENRIAE - ISTET - BE . BHEAAEE - EasREmtias
FERE R SRR F B R BT S R EREN S R E A EHLENN - Y - FEREE
M FEEEEMERE  fE, HAllEEEa LIRS R ES R ANEE S 1NE
PP - SRR - HE - #2 - fiwie - 59 - S ROEENEE -

1, —fHPEHEAREGARE  HElET - BE : FEGNHE - HORRSEINHERE
FENEEARTF2TRERNERENEE R EEERENEY - #8588 - FERER
WRELESEEMNRE ; #E HERfEEEob R EER A nEFREnE
HTIEAR - 15HEEEE - B3 - #82 - Fi5e2 - B - £MNEEEE ¢ 1, aliquid material is

anti-ballistic armor, comprizsing: a stab and ballistic resistant material impregnated with a shear
thickening fluid made of a hard nanoparticle suspension having a shear thickening properties high
strength fiber wowven fabric, knitted fabric, nomwoven fabric made of single or multiple superposed;
housing, the inside or interlayer may stab and ballistic resistant material connected to or embedded
in various styles substantially uniforms, special clothing, fashion, shirts , jackets, vests, woal knit
garments and leather.

2. BENFERIFRESTEE KN F - EFIEET - BESEN AR o0 - B
~ R~ RHIENH: - AR EEAS - 2. The hard nanoparticles according to claim 1, whergin the

shape of the hard nanoparticles may be spherical, block-shaped, plate-shaped, irregular-shaped,
wherein preferably spherical.

3. RENHEFRIFERER AT - HRFTET - BEESREREnraEEclh _Rik
B - i - BHeE - 2R - SR - evc, B9, BiEEY. BeH, BPRETHELEE - B
o 3, according to the hard nanoparticles according to claim 1, wherein the hard sphencal nang-

particles may be made of silicon dioxide, silicon, an ingrganic material, a metal, calcium carbonate,
PV, plastic, magnetic material, polymeric . wherein preferably silica, silicon.
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B32815/04 Layered products comprising a layer of metal comprising metal as the main or only
constituent of a layer, which is next to anather layer of the same or of a different material

B32615/08 Layered products comprising a layer of metal comprising metal as the main or anly
constituent of a layer, which is next to another layer of the same or of a different material of
synthetic resin

B37B15/095 Layered products comprising a layer of metal comprising metal as the main or only
constituent of a layer, which is next to another layer of the same or of a different material of
synthetic resin comprising polyurethanes

B PERFORMIMG OPERATIONS; TRANSPORTING
E32 LAYERED PRODUCTS

B32E LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA QF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

B32B27/00 Layered products comprising a layer of synthetic resin

R37E27/12 Layered products comprising a layer of synthetic resin next to a fibrous or filamentary
layer

[ PERFORMING OPERATIONS; TRANSPORTING
E3? LAYERED PRODUCTS

B3128 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HONEYCOME, FORM

BE32627,/00 Layered products comprising a layer of synthetic resin

B32B27/18 Layered products comprising a layer of synthetic resin characterised by the use of special
additives

B PERFORMING OPERATIONS, TRANSPORTIMNG

E32 LAYERED PRODULTS

B325 LAYERED PRODLUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

BAZ2B27/00 Lavered products comprising a layer of synthetic resin

BA2E2T /A0 Lavered products comprising a layer of synthetic resin comprising polyurethanes
B PERFORMING OPERATIONS; TRANSPORTING

832 LAYERED PRODUCTS

B320 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

B32R3,/00 Layered products comprising a layer with external or internal discontinuities or
urevennesses, or a layer of non-planar form ; Layered products having particular features of form

B32B3/26 Lavered products comprising a layver with external or intemnal discontinuities or
unevennesses, or a layer of non-planar form ; Layered products having particular features of form




Bl LAYERED PRODUCTS

B3Z8 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOMB, FORM

B3209/00 Laverad products comprising a particular substance not covered by groups
B32B11/00 - B32B29/00

B32B5/ 04 Lavered products comprising a particular substance not covered by groups
B32B1100 - BI2EIS/00 comprising such particular substance as the main or only constituent of a
layer, which s next to another layver of the same or of a different material

B22B5/041 Lavered products comprising a particular substance not coverad by groups
B32B11/00 - BE2B25/00 comprising such particular substance as the main or only constituent of a
layer, which is next to another laver of the same or of a different material of metal

B PERFORMING OPERATIONS; TRANSPORTIMNG

B3 LAYERED PRODUCTS

BA2E LAYERED PRODUCTS, i.e, PRODUCTS BLILT-UP OF STRATA OF FLAT OR MOMN-FLAT, .2,
CELLULAR OR HOMEYCOME, FORM

B3289/00 Layered products comprising a particular substance not covered by groups
B32B11,/00 - B32B29/00

B32E9/0 Lavered products comprising a particular substance not covered by groups
B32B11,00 - B32B29/00 comprising such particular substance as the main or only constituent of a
layer, which is next to another layer of the same or of a different material

B32B9/045 Layered products comprising a particular substance not covered by groups
B32B11,/00 - B32829/00 comprising such particular substance as the main or only constituent of a
layer, which is next to anocther layer of the same or of a different material of synthetic resin

B PERFORMING OPERATIONS; TRANSPORTIMG
E32 LAYERED PRODUCTS

B328 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

B32B5/00 Layered products comprising a particular substance not covered by groups
B32B11/00 - B32B29/00

B32B58/04 Layered products comprising a particular substance not covered by groups
B32611/00 - B32629/00 comprising such particular substance as the main or only constituent of a
layer, which is next to another layver of the same or of a different material

B32B%/047 Layered products comprising a particular substance not covered by groups

E32811/00 - B32829/00 comprising such particular substance as the main or only constituent of a
layer, which s next to another layer of the same ar of a different material made of fibres or filaments

FMECHANICAL ENGIMEERING; LIGHTIMNG; HEATIMNG: WEAPONS: BLASTING
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B PERFORMING OPERATIONS:; TRANSPORTING
B3Z LAYERED PRODUCTS

B3ZE LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF 3TRATA OF FLAT OR MOM-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

B32B2204/00 Composition of particles which form a particulate layver or are present as additives
B32B2204,/10 Inorganic particles

B PERFORMING QPERATIONS: TRANSPORTIMNG

BiZ LAYERED PRODUCTS

B328 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OB HOMNEYCOME, FORM

BIZEZ266/00 Composition of foam
BI2BZI66/04 Inorgamc

B32B2266,/045 Metal

B PERFORMING OPERATIONS; TRANSPORTING
B32 LAYERED PRODUCTS

B328 LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HOMEYCOME, FORM

B32B2307/00 Properties of the layers or laminate

B32B2307/20 Properties of the layers or laminate having particular thermal properties
B32B2307/300 Resistant to heat

B32BZ307/32065 Flame resistant or retardant, fire resistant or retardant

B PERFORMIMNG OPERATIONS; TRANSPORTING

B32 LAYERED PRODUCTS

B3ZB LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OR HONEYCOMB, FORM

BIZEI20W/00 Properties of the layers or laminate

B3282307/50 Properties of the layers or laminate having particular mechanical properties
B32B2307/54 Yield strength; Tensile strength

B PERFORMING OPERATIONS: TRANSPORTING

B3Z LAYERED PRODUCTS

B3ZE LAYERED PRODUCTS, i.e. PRODUCTS BUILT-UP OF STRATA OF FLAT OR NON-FLAT, e.g.
CELLULAR OF HONEYCOME, FORM

AIZHII0V00 Properties of the layers or laminate
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[DD0E] In view of the foregoing, new ightweight materials baving enhanced ballistic protection for
both personal and vehicular use would be of substantial benefit in both military and civilian
applications, Mot only would such materials offer improved ballistic protection, but they would alse
provide improved wearer comfort and improved vehicular performance over heavier matenals
currently in use, SURMMARY

[000&] In various embodiments, laminate materials having a first layer of 2 dilatant compound, a
cecond laver of a ceramic material and a third layer of a strike face material are described herein. The
second layer is between the first layer and the third layer.

[0007] In other various embadiments, laminate materials of the present disclosure have a first layer
of a dilatant compound and a palymer fiber component, a second layver of a ceramic material and 2
third layer of a strike face material. The palymer fiber component is arranged in sub-layers within the
first layer, The strike face material includes at least one metal underlayer, a polymer material, and a
nanomaterial dispersed in the polymer material. The at least one metal underlayer is patterned with
a plurality of holes, The polymer material fills at least a portion of the plurality of hales. The second
layer is interposed between the first layer and the third layer.

[00E] In other various embodiments, dilatant compounds are descrbed herein. The dilatant
compounds include a silicone fluid and a nanomaterial dispersed in the silicone fluid. The
nangmaterial is fitnctionalized with at least one siane coupling agent. In some embodiments, the
nanomateral is HALLD YSITE nanatubes,

[x12] The foregoing has outlined rather broadly the features of the present disclosure in order that
the detailed description that follows may be better understond, Additional features and advantages
of the disclosure will be described hereinafter, which form the subject of the daims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the present disdosure, and the advantages thereof,
reference is now made 0o the following descriptions to be taken in conjunction with the
accompanying drawings describing specific embodiments of the disclosure, wherein:

[0011] FIGURE 1 shows a schematic of an illustrative response of a dilatant compound to shear
conditions;

[0012] FIGURE 2 shows an illustrative electron micrograph of H ALLD YSITE nanotubes; [0013] FIGURE
3 shows an illustrative embodiment of a metal underdayer used in strike faces of the present
disclosure;

[0014] FIGURE 4 shows an illustrative electron micrograph of HALLO YSITE nanotubes filled with
resorcingl diphenyl phosphate [RDP);

[0015] FIGURE 5 shows an illustrative schematic of a laminate material produced according to one
embodiment of the present disclosure; and

[0016] FIGURES & A - 60 show illustrative images of a laminate material of the present disclosure
following ballistics testing. FIGURE &A shows the impact zone in the thermoplastic
polyurethane/HaLLD ¥Y5ITE layer on the exterior of the strike face. FIGURE 6B shows the impact zone
in the thermoplastic polvurethane layer on the interior of the strike face. FIGURE 6L shows the
impact zone at the metal underlayer of the strike face. FIGURE 60 shows the impact of the projectile
in the high-molecular weight polyethylene layers after yawing.




B! B! and RY can be selected independently from hydrogen, hydroxyl, thiol, alkyl and cycloalkyl
groups, alkenyl and cycloalkenyl groups, alkynyl and eycloalkynyl groups, aryl and heteroaryl groups,
heterooyclic groups, amines, amides, esters, ethers, epaxides, and combinations thereof.

[0025) As used herein, the term "polyurethanes” will be used to refer to any of polyurethane
polymers, polyurea polymers, and hybrid polyurethane/polyurea polymers. One of ordinary skill in
the art will recognize that any of the various embodiments herein utilizing polyurethane polymers
may be practiced equivalently using polyurea polymers, hybrid pelyurethane/polyurea polymers, or
ather thermoplastic polymers known in the art having suitable properties for the chosen application.
Thermoplastic polyurethanes are particularly advantageous for practicing the various embodiments
of the present disclosure due to their ease of use in forming laminate materials, In terms of
performance, thermoplastic polyurethane films represent a desirable compramise between cost and
performance, as they are easily cut and handled for processing by lay-up and autoclave processing
technology. Further, thermoplastic polyurethane coatings offer high curing rates, a wide range of
operating termperature, ballistic resistance, chemical resistance and imperviousness to chemicals.
These properties are among those that make thermoplastic polyurethanes well suited for use in the
laminate materials of the present disclosure due to their suitability for use in a wide range of field
conditions, Further, due to their amenability to lay-up processing, the thermoplastic polyurathanes
may be evenly distributed between layers. In contrast, epoxies, resins or wet chemistry binders may
not be evenly distributed, thereby leading to potential impact failura.

[0026] In some embodiments, thermoplastic polyurethanes may be used 1o coat the laminate
materials of the present disclosure. In coating apphications, the thermoplastic polyurethanes may
again include a nanomaterial filler. Manomaterial fillers advantageoushy confer strength to the
coatings. Use of the thermoplastic polyurethanes as a coating or as a laminating material between
layers may also provide protection from shock and vibration, particularly for the ceramic material,
Alternative coating materials include, without limitation, epoxy palymers, silicone rubber, and other
thermoplastic polymers. [0027] In any of the various embodiments of the present disclosure, the
thermoplastic polyurethanes may possess the ability to covalently bind to suitably functionalized
organic and inorganic materials. Thermoplastic polyurethanes capable of such covalent bonding are
now commercially available from Huntsman Polyurethanes. In some embodiments, the
thermoplastic polyurethanes may be functionalized with a silane coupling agent in order to achieve
the capability for covalent bonding. Covalent bonding advantageously increases the compatibility
between layers composed of different materials and thereby strengthens the laminate materials in
various embodiments of the present disclosure.

[0028] In various embodiments of the laminate materials of the present disclosure, the dilatant
compound, the ceramic material and the strike face material are all silane functionalized with at least
one silane coupling agent. As described hereinabove, silane functionalization provides the
apportunity for cross-linking to strengthen the laminate materials. Further, as described
hereinbelow, silane functionalization may strengthen individual components of the laminate
materials by correcting defects in their structure,

[0029] In various embodiments, the ceramic material of the laminate material's second layer may be,
for example, boron carbide, silicon carbide, cubic boron nitride and various combinations thereof.
Cubic boron nitride, in particular, offers the potential to form thinner laminate layers while
maintaining mechanical strength, A commercially viable route to cubic boron nitride is now available.
In various embodiments, cubic boron nitride may be synthesized by the reaction of boron with
carbon nitride at pressures greater than about 9 GPa. It is believe that cubic boron nitride may have
mechanical properties that surpass those of diamond.




[0033] As shown in Table 1, SPECTRA 2000 fibers are about 30% lighter than KEVLAR, which is
currently used in ballistics applications and offers the opportunity for weight reduction in armor
applications as a result. In addition to weight reduction, SPECTRA 2000 and other ultrahigh malecular
weight polyethylene fibers offer the potential for improved ballistic protection. For example, one of
the more advantageous properties of ultra-high molecular weight polyethylene fibers is the ability to
withstand high load strain weight velocities without failure, This feature is particularly relevant for its
use in high valocity ballistics applications, such as those described in the present disclosure.

[0024] In some embodiments, the polymer fibers are arranged in a plurality of sub-layers within the
first layer. In some embodiments, each of the plurality of sub-layers within the first layer is laminated
to one another through a plurality of thermoplastic polyurethane sub-layers. In some embodiments,
the polymer fibers are covalently bonded to the plurality of thermoplastic polyurethane sub-layers.
For example, in some embodiments, the palymer fibers may be functionalized with a silane coupling
agent and cross-linked with the thermoplastic polyurethane sub-layers. In some embodiments, the
dilatant compound coats the polymer fibers. In some embodiments, the thermaplastic polyurethane
sub-layers contain HALLOYSITE or another nanomaterial in order to increase puncture resistance.

(0035] Dilatant compounds may be thought of as non-Newtonian fluids and are an example of
"smart” materials that can sense and respond to changes in their environment. Under normal
conditions, the molecules of a dilatant compound are weakly bonded and can move around with
ease, but the pressure shock from an impact results in strengthening of the chemical bonds, thereby
locking the malecules into place and hardening the material. Once the impact foree dissipates, the
bonds weaken and the material returns to its flexible state. Hardening of the dilatant compound
prevents a projectile from penetrating the fluid in its hardened state. FIGURE 1 shows a schematic of
an illustrative response of a dilatant compound to shear conditions.




[42] Furthermiore, in various embodiments, the HALLDY S ITE nanotubes may be functionalized
with silane coupling agents in order to enhance their compatibilization with and dispersion into
silicone fluids. In some embodiments, the HALLO YSITE nanotubes may further be cross-linked with
the silicane fluid after being functionalized with the silane coupling agents. Furthermore, HALLOYSITE
nanotubes are able to hydrogen bond to polymer substrates, strengthening the laminate materials of
the present disclosure and conferring additional puncture resistance thereta.

[0043] HALLOYSITE nanotubes are advantageous over other nanoclay materials for dispersal in
silicone-based dilatant compounds and other polymer materials. For example, relative to
montmorillonite, HALLOYSITE nanotubes have a much lower cation exchange capacity and reduced
swelling upon wetting. These properties ease the dispersion ability of the HALLOYSITE nanotubes.
Furthermore, the tubular shape and inner lumen diameter of HALLOYSITE nanotubes are amenable
for being filled with various additives. For example, in some embodiments of the present disclosure
the dilatant compound may fill the lumen of the HALLOYSITE nanotubes. In other embodiments,
additives such as, for example, UV stabilizers or corrosion inhibitors may fill the lumen of the
HALLOYSITE nanotubes. Without being bound by theory of mechanism, Applicants believe that filling
of the lumen may also lead to improved puncture resistance of the laminate materials of the present
disclosure.

[0044] In various embodiments of the present disclosure, the dilatant compound may be intercalated
inte a yarn or a fabric. Since dilatant compounds maintain their properties down to micro -size scale
and lower, application to very small surface areas such as yarns and fabrics becomes possible.
Although dilatant compounds have desirable compression and shear response, they typically have
poor tensile strength. Therefore, in various embodiments of the present disclosure, the dilatant
compound is combined with a fiber component (e.g., polymer fibers) to yield a high tensile stre ngth
composite material having impact and puncture resistance. For example, in various embodiments of
the present disclosure, dilatant compounds may be combined with KEVLAR or ultra-high molecular
weight polyethylene fibers, [0045] In various embodiments, a strike face material forms the third
layer of the laminate materials of the present disclosure. In various embodiments, strike facas of the
present disclosure are a composite material formed from at least one metal underlayer and a
polymer material. In some embodiments, the at least one metal underlayer is patterned with a
plurality of holes in, for example, a3 "honeycomb” arrangement. FIGURE 3 shows an illustrative
embodiment of 2 metal underlayer used in strike faces of the present disclosure. In various
embodiments, the at least one metal underlayer is silane functionalized with at least one silane
coupling agent.

[0046] In various embodiments of the laminate materials, a polymer material coats the at least one
metal underlayer. In some embodiments, the polymer material fills at least a portion of the plurality
of holes in the metal underlayer. In some embodiments, the polymer material further includes a
nangmaterial filler dispersed in the polymer material. Hencs, in various embodiments, at least a
portion of the holes in the metal underayer are filled with both polymer material and nanomaterial
filler. In some embodiments, the polymer material is a polyurea or polyurethane (e.g. 2
thermoplastic polyurethane). In some embodiments, the polymer material is spray coated on to the
mietal underlayer,

[0047] In some embodiments, nanematerial fillers for the polymer materials of the strike face
include, for example, HALLO YSITE nanotubes, carbon nanotubes and combinations thereof. Carhon
nanotubes in the polymer material of the strike face can include without limitation, single-wall

carbon nanatubes and carbon nanotubes having more than ane wall (e_g., multi-wall carbon
nanotubes).




component of the strike face, for example, in 2 polymer material coating the metal underlayer. As
noted above, HALLOYSITE nanotubes can be both filled in their lumen and coated with various
additives. FIGURE 4 shows an illustrative electron micregraph of HALLOYSITE nanotubes filled with
resorcingl dipheryl phosphate [RDP], a flame retardant. A shown in FIGURE 4, the HALLOYSITE
nanatubes are both filled and surface coated with the RDP. Inclusion of BDP with the HALLOYSITE
nanotubes confers beneficial lame retardancy to polymer composites produced therefrom. For
example, polyimethyimethacrylate) (PMMA] treated with decabromodiphermyl ether and antimany
oxide fails the UL-84 WO flame retardancy test at 1.5 mm thickness, However, when a 5% loading of
HALLOYSITE nanotubes treated with BDP iz dispersed in the PMMA, the resultant composite material
passes the UL-94 VO test. Normally, inclusion of RDP in a polymer would significantly reduce the
observed modulus, However, when RDP is included with HALLOYSITE nanotubes, the modules may
be maintained while still conferring flame retardancy. Hence, in some embodiments, polymer
coatings of the strike face may be flame retardant, as well as providing ballistic protection, while
raintaining flexibility and abrasion resistance. Such flame retardancy may also be beneficial for field
use of the laminate materials described hersin.

[0054] In various embodiments, laminate materials of the present disclosure have a first layer of a
dilatant compound and a polymer fiber component, a second layver of a ceramic material and a third
layer of a strike face material. The polymer fiber component is arranged in sub-layers within the first
layer, The strike face material includes at least one metal underlayer, a polymer material, and a
nanomaterial dispersed in the polymer material. The at least one metal underlayer is patterned with
a plurality of holes. The polymer material fills at least a portion of the plurality of holes. The secand
layer is interposed between the first laver and the third layer. In some embodiments, at least the

metal underlayer, the polymer material, the nanomatenal and the ceramic material are silane
functionalized.

[0055] In some embodiments, the first layer further includes HALLD ¥5ITE nanotubes dispersed in the
dilatant compound. In some embodiments, the dilatant compound i5 a silicone fluid cross- linked
with at least one silane coupling agent, hi such embodiments, the HALLOYSITE nanotubes are silane
functionalied with the at least one silane coupling agent.

[0056] In other various embodiments, dilatant compounds are described herein. The dilatant
compounds include a silicone fluid and a nanomaterial dispersed in the silicone fluid, The
nanomaterial 15 functienalized with at least ene silane coupling agent. In some embodiments, the
nangmaterial 15 HALLOYSITE nanotubes, In some embodiments, the nanomaterial is cross- linkad to
the silicone fluid through the at least one silane coupling agent.

Experimental Examplaes

[O057] The following examples are provided o more fully illustrate some of the embodiments
disclosed hereinabove. It should be appreciated by those of ordinary skill in the art that the
technigues disclosed in the examples that follow represents technigues that constitute illustrative
modes for practice of the disclosure. Those of ordinary skill in the art should, in ight of the present
disclosure, appreciate that many changes can be made in the specific embodiments that are
disclosed and still obtain a like or similar result without departing from the spirit and scope of the
dischosure.

[0058)] Example 1: Ballistic Testing of an lllustrative Laminate Material, FIGURE 5 shows an illustrative
schematic of a laminate matenal produced according to one embodiment of the present disclosure,
Strke face 1 s composed of two layers of metal underayer 51 and 54, each individuzlly in contact
with thermoset layers 52 and 55. 5trike face 1 is further coated on its exterior with a thermoplastic




&, The laminate material of claim 3, wherein the polymer fibers comprise ultra-high molecular weight
polyethylene.

7. The laminate material of claim 3, wheregin the dilatant compound coats the polymer fibers.

g. The laminate material of claim 1, wherein the dilatant compound comprises a silicone fuid cross-
linked with at least ane silane coupling agent.

9. The laminate material of claim &, wherein the first layer further comprizes a nanomaterial,
10, The larminate matenal of claim 8, wherein the nanomaterial comprises HALLOYSITE nanotubes.

11. The laminate material of claim 10, wherein the HALLOYSITE nanctubes are bonded to the at least
one silane coupling agent.

12. The laminate material of claim 1, wherein the first laver further comprises a nanomaterial,
13. The laminate material of claim 12, wherein the nanomaterial comprises HALLOYSITE nanotubes,

14. The laminate material of claim 12, wherein the HALLOYSITE nanotubes are further modified with
at least one silane coupling agent.

15. The laminate material of claim 1, wherein the ceramic material is selected from the group
consisting of boron carbide, silicon carbide, cubic boron nitride and combinations thereof.

16. The laminate material of claim 15, wherein the ceramic material is silane functionalized with at
least one silane coupling agent.

17. The laminate material of claim 1, wherein the strike face material comprises a composite
comprising at least one metal undedaver and a polymer matenal,

18. The laminate material of claim 17, further comprising: a nanomaterial dispersed in the polymer
material.

19, The laminate material of claim 18, wherein the at least one metal underlayver, the polymer
material, and the nanomaterial are silane functionalized with at least one silane coupling agent.

20, The laminate material of claim 13, wherein the nanomaterial is selected from the group
consisting of carbon nanotubes, HALLD ¥5ITE nanotubes, and combinations thereof.

21. The laminate material of claim 17, wherein the at least one metal underlayer comprises a TislkWs
alloy.

22. The laminate material of claim 17, wherein the at least one metal underlayer is patterned with a
plurality of hales.

23. Thie laminate material of claim 22, further comprising: a nanomaterial dispersed in the palymer
material; and wherein the palymer material fills at least a portion of the plurality of holes,

24_ A laminate material comprising: a first layer comprising a dilatant compound and a polymer fiber
component; wherein polymer fiber component is arranged in sub-layvers within the first laver; a
second layer comprising a ceramic material; and a third layer comprising a strike face material;
wherein the strike face material comprises: at least one metal underlayer; wherein the at least one
metal underlayer is patterned with a plurality of holes; a polymer material; and a nanomaterial
dispersed in the polymer material; wherein the polymer material fills at least a portion of the
plurality of holes; wherein the second layer i interposed between the first laver and the third layer.
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