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(57) ABSTRACT

One aspect of the present invention is a puncture healing
polymer blend comprising a self-healing first polymer mate-
rial having sufficient melt elasticity to snap back and close a
hole formed by a projectile passing through the material at a
velocity sufficient to produce a local melt state in the first
polymer material. The puncture healing polymer blend fur-
ther includes a non-self-healing second material that is
blended with the first polymer material. The blend of self-
healing first polymer material and second material is capable
of self-healing, and may have improved material properties
relative to known self-healing polymers.
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PUNCTURE HEALING ENGINEERED
POLYMER BLENDS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This patent application claims the benefit of and
priority to U.S. Provisional Patent Application No. 62/086,
375 titled “Puncture Healing Polymer Blends” filed on Dec.
2, 2014, and to U.S. Provisional Patent Application No.
62/254,563 titled “Puncture Healing Engineered Polymer
Blends” filed on Nov. 12, 2015, wherein the contents of each
cross-referenced application is hereby incorporated by refer-
ence in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] The invention described herein was made by
employees of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes without
the payment of any royalties thereon or therefore.

FIELD OF THE INVENTION

[0003] This invention relates to a blend of self-healing
polymers and non self-healing polymers, and a method of
forming such polymer blends. The polymer blends of the
present invention self-heal when penetrated at a very rapid
rate, and have improved material properties relative to known
self-healing polymers formed from a single polymer mate-
rial.

BACKGROUND OF THE INVENTION

[0004] Self-healing materials have the ability to mitigate
incipient damage, and have a built-in capability to substan-
tially recover structural load bearing capacity after damage.
Different “self-healing mechanisms” have been identified in
materials as a collection of irreversible thermodynamic paths
whereby the path sequences ultimately lead to crack closure
or resealing. One mechanism comprises crack repair in poly-
mers using thermal and solvent processes, where the healing
process is triggered with heating or with a solvent. Another
approach involves autonomic healing concepts, wherein
healing is accomplished by dispersing a microencapsulated
healing agent and a catalytic chemical trigger within an epoxy
resin to repair or bond crack faces and mitigate further crack
propagation. A related approach, the microvascular concept,
utilizes brittle hollow glass fibers (in contrast to microcap-
sules) filled with an epoxy hardener and uncured resins in
alternating layers, with fluorescent dye. An approaching
crack ruptures the hollow glass fibers, releasing healing agent
into the crack plane through capillary action. Yet another
approachutilizes a polymer that can reversibly re-establish its
broken bonds at the molecular level, by either thermal acti-
vation (i.e., based on Diels-Alder re-bonding), or ultraviolet
light. Yet another approach utilizes structurally dynamic
polymers, which are materials that produce macroscopic
responses from a change in the materials’ molecular archi-
tecture without heat or pressure. Yet another approach
involves integrating self-healing resins into fiber reinforced
composites to provide self-healing fiber reinforced compos-
ites. Various chemistries have been utilized in connection
with the aforementioned approaches.
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[0005] However, known self-healing approaches may suf-
fer from various disadvantages such as slow rates of healing.
Also, the use of foreign inserts into a polymer matrix may
have detrimental effects on the composite fiber performance.
Furthermore, in some cases the materials have to be held in
direct contact, or under load, and/or fused together with high
temperature for relatively long periods of time. Still further,
known methods may not fully address damage incurred by
ballistic or hyper velocity impacts, and also may not provide
sufficient load bearing strength capabilities.

BRIEF SUMMARY OF THE INVENTION

[0006] One aspect of the present invention is a puncture
healing polymer blend comprising a self-healing first poly-
mer material. The first polymer material may have sufficient
melt elasticity to snap back and close a hole formed by a
projectile passing through the material at a velocity sufficient
to produce a local melt state in the first polymer material. The
puncture healing polymer blend further includes a non-self-
healing second material that is blended with the first polymer
material. The blend of self-healing first polymer material and
second material is capable of self-healing. The polymer blend
may be capable of self-healing over a temperature range that
is greater than the self-healing temperature range of the first
polymer material. The first polymer material may comprise a
copolymer having ionic groups. In particular, the copolymer
may comprise molecules defining a polymer backbone, and
the ionic groups may be distributed along the polymer back-
bone. The ionic groups may have a concentration of less than
about 15 mol %. The second material may comprise a poly-
mer that is no more than about 10% by weight of'the polymer
blend. Also, the first polymer material may comprise a
copolymer having no ionic groups. In particular, the copoly-
mer may comprise molecules defining a polymer backbone.
The second material may comprise a polymer that is no more
than about 10% by weight of the polymer blend. Alterna-
tively, the first polymer may comprise a self-healing polymer
(e.g. Dow Affinity EG8200G Polyolefin Elastomers, avail-
able from Dow Chemical Company of Midland, Mich., or
Barex® 210 IN, available from INEOS Barex of Rolle, Swit-
zerland) that does not have an ionic group.

[0007] Another aspect of the present invention is a method
of making a puncture healing polymer blend. The method
includes providing a self-healing first polymer material hav-
ing sufficient melt elasticity to snap back and close a hole
formed by a projectile passing through the material at a veloc-
ity sufficient to produce a local melt state in the first polymer
material. The first polymer material defines a first melt tem-
perature. A second polymer material is also provided. The
second polymer material is non self-healing, and defines a
second melt temperature. The first and second polymer mate-
rials are mixed, and the first and second polymer materials are
heated to a temperature that is at least as great as the lowest of
the first and second melt temperatures. The method may
include defining a target mix temperature, and causing a
temperature of the first and second polymer materials to ramp
above and below the target mix temperature while the first and
second polymer materials are being mixed.

[0008] These and other features, advantages, and objects of
the present invention will be further understood and appreci-
ated by those skilled in the art by reference to the following
specification, claims, and appended drawings.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0009] FIG. 1 is partially schematic view of a self-healing
copolymer material including amorphous regions, crystalline
regions, and ionic clusters;

[0010] FIG. 2A is a partially schematic isometric view
showing a projectile immediately prior to contact with a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0011] FIG. 2B is a partially schematic isometric view
showing a projectile passing through a sheet/plate/panel of
material comprising a puncture healing polymer blend
according to one aspect of the present invention;

[0012] FIG. 2C is a partially schematic isometric view
showing a projectile passing through a sheet/plate/panel of
material comprising a puncture healing polymer blend
according to one aspect of the present invention;

[0013] FIG. 2D is a partially schematic isometric view
showing a projectile passing through a sheet/plate/panel of
material comprising a puncture healing polymer blend
according to one aspect of the present invention;

[0014] FIG. 2E is a partially schematic isometric view
showing a projectile immediately after passing through a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0015] FIG. 2F is a partially schematic isometric view
showing a projectile immediately after passing through a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0016] FIG. 2G is a partially schematic isometric view
showing a projectile immediately after passing through a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0017] FIG. 2H is a partially schematic isometric view
showing a projectile immediately after passing through a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0018] FIG. 21 is a partially schematic isometric view
showing a projectile immediately after passing through a
sheet/plate/panel of material comprising a puncture healing
polymer blend according to one aspect of the present inven-
tion;

[0019] FIG.3A is anexploded schematic view of an impact
shield structure according to one aspect of the present inven-
tion; and

[0020] FIG. 3B is a schematic view of the impact shield
structure of FIG. 3A.

DETAILED DESCRIPTION OF THE INVENTION

[0021] For purposes of description herein, the terms
“upper,” “lower,” “right,” “left,” “rear,” “front,” “vertical,”
“horizontal,” and derivatives thereof shall relate to the inven-
tion as oriented in FIG. 2A. However, it is to be understood
that the invention may assume various alternative orientations
and step sequences, except where expressly specified to the
contrary. It is also to be understood that the specific devices
and processes illustrated in the attached drawings, and
described in the following specification, are simply exem-
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plary embodiments of the inventive concepts defined in the
appended claims. Hence, specific dimensions and other
physical characteristics relating to the embodiments dis-
closed herein are not to be considered as limiting, unless the
claims expressly state otherwise.

[0022] The present invention generally relates to puncture
healing engineered melt formulations consisting of a non
self-healing polymer and a self-healing polymer that have
been blended together. Various self-healing polymers, such
as, for example commercially available Surlyn® copolymers,
are known. With reference to FIG. 1, a Surlyn® copolymer 1
includes amorphous regions 2, crystalline regions 4, and ionic
clusters 6.

[0023] In general, ionomers contain ionic groups or clus-
ters 6 at low concentrations (<15 mol %) along the polymer
backbone. In the presence of oppositely charged ions, these
ionic clusters or groups 6 form aggregates that can be acti-
vated by external stimuli such as temperature or ultraviolet
irradiation. For example, poly(ethylene-co-methacrylic acid)
(EMMA) (Surlyn®) undergoes puncture reversal (self-heal-
ing) following high velocity ballistic penetration (300 m/s-5
km/sec). The heat generated from the damage event triggers
self-healing in this material. Ballistic testing of EMAA
copolymers with ionic segments has confirmed that these
materials have self-healing properties. Although EMMA
polymers possess excellent puncture healing properties, these
materials were not originally envisioned for such a use. The
puncture-healing behavior/properties result from the combi-
nation of viscoelastic properties under the conditions induced
by projectile penetration. As discussed in more detail below,
several other known polymers also have puncture healing
functionality.

[0024] FIGS.2A-2I are partially schematic isometric views
showing a projectile 8 passing through a sheet/plate/panel 10
of'puncture healing material. The projectile 8 and sheet/plate/
panel 10 are designated 8 A-81 and 10A-101 in FIGS. 2A-21,
respectively. The sheet/plate/panel 10 may comprise a blend
of self-healing polymers and non-self-healing polymers
according to the present invention. Puncture healing in these
materials is the result of the viscoelastic properties that the
self-healing polymers possess. Self-healing behavior occurs
upon projectile puncture whereby energy is transferred to the
material during impact both elastically and inelastically. In
general, puncture healing may occur if the puncture event
produces a local melt state 12 in the polymer material at the
opening 14 and if the molten material 12 has sufficient melt
elasticity to snap back and close the hole 14 (FIG. 21). Pre-
vious ballistic testing studies revealed that Surlyn® materials
heated to a temperature of —-98° C. during projectile puncture
(3° C. higher than its melting temperature). However, more
recent ballistic testing studies have revealed that Surlyn®
materials heated to a temperature —240° C. during projectile
puncture. The temperature increase produces a localized flow
state and via the melt elasticity phenomena, causes snap back,
thus closing the hole 14 (FIG. 21). High speed video testing
has shown that the mechanism of healing for known self-
healing polymers begins when the tip of the projectile 8
punches a hole 14 into the panel or sheet/plate/panel 10 as it
penetrates, with polymeric material being pushed out in front
of'the projectile 10 as it exits (FIGS. 2D-2E). The strong force
of the impact causes stress waves to propagate through the
material of sheet/plate/panel 10 in a radial direction away
from the projectile 8, wherein the modal wave pushes the
material uniformly outward initially, but then upon reflection
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at the edges of the sheet/plate/panel 10, the wave is reversed
and pushes uniformly inward. The heat generated by the
penetration of the projectile 8 facilitates self-healing as the
material 12 around the penetration site or hole 14 melts and
flows to close the hole (FIG. 21). In general, the melted
material 12 ofa polymer blend according to the present inven-
tion flows back and closes the hole 14 almost instantaneously,
typically in less than 100 ms. Some blends according to the
present invention may comprise polymers that close some-
what slower (e.g. 200 ms), but it will be understood that the
hole 14 generally closes at a very rapid rate.

[0025] In contrast to known self-healing polymers consist-
ing of a single polymer material, the puncture healing melt
blends of'the present invention comprise a blend or mixture of
self-healing polymers and non-self-healing polymers. These
blends may be made by melt blending self-healing polymers
with non-self-healing polymeric materials. Examples of self-
healing polymeric materials include Surlyn® 8940, Affin-
ity™ EG 8200 G, and poly(butadiene)-graft-poly(methyl
acrylate-co-acrylonitrile) or Barex™ 210 IN. Examples of
non-self-healing polymeric materials include poly(ether
ether ketone) PEEK, LaRC phenyl ethynyl terminated imide
330 LaRC PETI 330, and Raptor Resins Bismaleimide-1
(BMI-1). Puncture healing blends according to the present
invention may optionally include chopped glass and/or
chopped carbon fibers that are mixed with the self-healing
and non-self-healing polymers.

[0026] Meltblends according to the present invention may
have varying compositions to optimize the desired properties
of the resulting matrix. According to one specific example,
melt blends of the polymers were processed using a C.W.
Brabender, Inc. PL2000 Plasticorder with a 30 cc half size
electrically heated single zone mixing head. Melt processed
blends were processed at S0 RPM under nitrogen purge.
Temperatures were ramped up and down from the target mix
temperature in order to achieve the different material proper-
ties. In general, the target mix temperature is at least as great
as the highest melt temperature of the materials being
blended.

[0027] Ballistic testing was conducted to determine the
self-healing characteristics of several polymer blends accord-
ing to the present invention. To obtain dynamic damage mea-
surements for the polymer blends (i.e. to simulate micro-
meteoroid damage) 7.6 cmx7.6 cm sheets/plates/panels 10
(FIGS. 2A-21) were fabricated of the melt blends at a thick-
ness of approximately 4.9 mm. The sheets 10 were impacted
with 5.56 mmx45 NATO M193 (FMI) projectiles 8 that were
off loaded to achieve an average projectile velocity of 920
meters per second (m/s) (or nominally 3000 feet per second).
The sheets 10 of polymer blends were shot (impacted) at
temperatures of 25° C., 50° C., and 100° C. to determine the
temperature range of healing. According to one predefined
criteria, a polymer blend was determined to be self-healing if
the hole 14 created by the projectile 8 closed after penetration.
Self-healing was also validated by a secondary vacuum leak
test method. The set-up consisted of a tube (not shown) con-
nected to a vacuum pump, attached with a fixture, which
applied suction at the site of penetration of the impacted
sheets/plates/panels 10. Vacuum was pulled on the impact site
down to 1 Torr and the pump was shut off. If vacuum suction
was maintained for a minimum of sixty minutes after the
vacuum pump was shut off, then the tested sheets/plates/
panels were determined to have self-healed. The process was
validated beforehand with pristine non-impacted sheets/
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plates/panels. Also, to further quantify the self-healing ten-
dencies of the blends residual strength tests were conducted.
The tensile tests were performed using dogbone specimens
cut from neat polymer sheets/plates/panels and previously
impacted sheets/plates/panels according to ASTM-D638. To
obtain mechanical properties, an Axial-Torsional Material
Test System (MTS) with Skip MTS 647 hydraulic grips with
diamond pattern wedges was utilized. A MTS Flex test XE
Controller with MTS Multipurpose Testware software was
used to create, control, and collect data on the tests. The ramp
rate in axial stroke control was 0.050 in/min. with a continu-
ous data sample rate of 2 Hz. Data was collected on channels
which recorded time, load and stroke, as well as maximum/
minimum time. Approximately 1 inch of the specimen was
placed inupper and lower grip wedges resulting in a specimen
gage length of 1 inch (i.e. the total dogbone test specimen
length was 3 inches).

[0028] Table 1 lists the puncture healing melt blend formu-
lations and residual tensile strengths and pressure testing
results for several blends according to the present invention.

TABLE 1

Test Residual Pressure Hole

Temp  Strength Test Diameter
Polymer (°C) (%) (mins.) (mm)
Surlyn ®/5% PETI330 100 80 60 0.54
proc. @ 250° C.
Surlyn ®/10% PETI330 100 72 60 0.82
proc. @ 250° C.
Surlyn ®/10% PETI330 100 73 60 0.99
proc. @ 365° C.
Surlyn ®/5% wt. chopped 25 74 60 1.43
glass fiber 50 69 60 —
Surlyn ®/10% wt. chopped 25 75 60 1.49
glass fiber 50 77 60 1.60
Surlyn ®/25% wt chopped 25 57 60 1.50
graphite fiber
90% Surlyn ®/10% PEEK 100 82 60 0.98
95% Surlyn ®/5% BMI 100 83 60 0.48
90% Affinity EG8200G/10% 25 100 60 1.01
PETI330
95% Affinity EG8200G/5% 25 100 60 0.95
BMI 50 97 60 0.89
90% Affinity EG8200G/10% 25 96 60 0.95
BMI
95% Affinity EG8200G/5% 25 100 60 1.02
Barex 210 IN 50 99 43 0.94
90% Affinity EG8200G/10% 25 90 60 0.84
Barex 210 IN 50 98 30 1.32
[0029] Asshownin Table 1, the puncture healing polymeric

melt blends of the present invention demonstrate a self-heal-
ing capability over a wider temperature range than that of
known self-healing compositions. Also, the puncture healing
capability of the melt blends improves with temperature. The
puncture healing melt blends may be utilized for improved
damage tolerance in load bearing structures and as a means of
self-mitigation/reliability with respect to overall vehicle
health and structural durability. Furthermore, the puncture
healing melt blends may be utilized in space vehicles and
other such applications.

[0030] Puncture healing blends according to the present
invention may be infused with carbon fiber into CFRP to
produce self-healing materials. Structures that make use of
this approach produce a healing response from a change in the
material’s chain mobility as a function of the damage mecha-
nism/conditions involved and induced. This type of material
possesses better mechanical properties, healing capability at
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elevated temperatures, faster healing rates (typically less than
100 microseconds), and healing without the need of foreign
inserts or fillers (via structural chemistry). These materials
may be utilized in aircraft and aerospace applications as well
as in other pressure loaded type structures.

[0031] Structures utilizing self-healing polymer matrices
offer the following advantages: 1) increased damage toler-
ance compared to State-of-the-Art (SOA) thermosetting
polymer matrices which incur a greater extent of impact
damage compared to composites developed with these mate-
rials. 2) Self-repairing polymer matrices provide a route for
recovery of a large proportion of the pristine mechanical
properties, thus extending the life of the structure. 3) Since
self-healing is an intrinsic property of the matrix material, the
matrix can be treated as a direct substitute to conventional
thermosetting matrices that do not possess self-healing char-
acteristics. 4) The intrinsic healing of the outlined novel melt
formulations does not require the introduction of microcap-
sules needed by other healing polymer matrices described in
the prior art section; therefore, it has the advantage of not
needing microcapsules which may act as defect initiators in
the composite. 4) As long as there is no significant loss of
matrix material mass incurred during the damage event, these
materials can self-heal repeatedly, compared to the microcap-
sule approach, where healing is limited by the amount of
monomer present at the site where damage occurs.

[0032] Potential applications for puncture healing materi-
als include, but are not limited to, the following: 1) space
habitats/structures MMOD protective liners; 2) radiation
shielding; 3) fuel tank liners; 4) encasing for hydraulics; 5)
healing layer in ballistic protection/armor; 6) encasings for
fuel lines; 7) helmets/head protection and/or protective equip-
ment in high contact sports; 8) packaging material for foods
and etc.; 9) human prosthetics; and 10) wire insulation mate-
rial.

[0033] As humans explore further into deep space, multi-
functional materials may be utilized to decrease complexity
and mass. One area where multifunctional materials accord-
ing to the present invention may be beneficial is in microme-
teoroid and orbital debris (MMOD) shields. With reference to
FIGS. 3A and 3B, a MMOD shield 20 according to one aspect
of the present invention may comprise a stuffed Whipple
shield consisting of layers 22, 24, 26, 28, and 30. Layer 22
comprises a bumper, and layer 24 comprises a thermal blan-
ket or multi-layer insulation (MLI). Layers 26 and 28 com-
prise intermediate layers that may be made from known mate-
rials, and layer 30 comprises a rear wall.

[0034] The MLIlayer 24 may include one or more layers of
material comprising one or more self-healing polymer blends
according to the present invention. The self-healing capabili-
ties of the MLI layer 24 provides significant advantages.
Increasing the MMOD effectiveness of MLI blankets 24,
while still preserving their thermal capabilities, allows for a
less massive MMOD shield. Increased effectiveness of the
MLI blanket 24 is realized as a result of adding a puncture
healing engineered blend as a multifunctional layer to the
MLI 24. The puncture healing layer serves a dual purpose as
a protective liner and radiation shield, thus allowing for aless
massive MMOD shield 20. The puncture healing engineered
blends described herein may comprise polymers such as Sur-
lyn® 8940 and Affinity™ EG8200G, which are primarily
made up of polyethylene. Polyethylene is a known radiation
shielding material whereby the MLI layer 24 has radiation
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shielding capabilities and self-healing properties. Utilizing
advanced shielding concepts may provide a reduction ofup to
50% in mass.

[0035] It is to be understood that variations and modifica-
tions can be made on the aforementioned structure without
departing from the concepts of the present invention, and
further it is to be understood that such concepts are intended
to be covered by the following claims unless these claims by
their language expressly state otherwise.

[0036] The preceding description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in
the art, and the generic principles defined herein may be
applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the
following claims and the principles and novel features dis-
closed herein.

[0037] All cited patents, patent applications, and other ref-
erences are incorporated herein by reference in their entirety.
However, if a term in the present application contradicts or
conflicts with a term in the incorporated reference, the term
from the present application takes precedence over the con-
flicting term from the incorporated reference.

[0038] Allranges disclosed herein are inclusive of the end-
points, and the endpoints are independently combinable with
each other. Each range disclosed herein constitutes a disclo-
sure of any point or sub-range lying within the disclosed
range.

[0039] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. As also used herein, the term “com-
binations thereof” includes combinations having at least one
of the associated listed items, wherein the combination can
further include additional, like non-listed items. Further, the
terms “first,” “second,” and the like herein do not denote any
order, quantity, or importance, but rather are used to distin-
guish one element from another. The modifier “about”used in
connection with a quantity is inclusive of the stated value and
has the meaning dictated by the context (e.g., it includes the
degree of error associated with measurement of the particular
quantity).

[0040] Reference throughout the specification to “another
embodiment”, “an embodiment”, “exemplary embodi-
ments”, and so forth, means that a particular element (e.g.,
feature, structure, and/or characteristic) described in connec-
tion with the embodiment is included in at least one embodi-
ment described herein, and can or cannot be present in other
embodiments. In addition, it is to be understood that the
described elements can be combined in any suitable manner
in the various embodiments and are not limited to the specific
combination in which they are discussed.

What is claimed is:
1. A puncture healing polymer blend, comprising:

a self-healing first polymer material having sufficient melt
elasticity to snap back and close a hole formed by a
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projectile passing through the material at a velocity suf-
ficient to produce a local melt state in the first polymer
material;

a second material blended with the first polymer material,
wherein the second material is non self-healing; and
wherein:

the puncture healing polymer blend is capable of self-
healing.

2. The puncture healing polymer blend of claim 1, wherein:

the self-healing first polymer material is only self-healing
when the first polymer material is within a first tempera-
ture range;

the puncture healing polymer blend is self-healing over a
second temperature range that is greater than the first
temperature range.

3. The puncture healing polymer blend of claim 1, wherein:

the self-healing first polymer material comprises a copoly-
mer with ionic groups.

4. The puncture healing polymer blend of claim 3, wherein:

the copolymer comprises molecules defining polymer
backbones, and

wherein the ionic groups are distributed along the polymer
backbones.

5. The puncture healing polymer blend of claim 4, wherein:

the ionic groups have a concentration of less than about 15
mol %.

6. The puncture healing polymer blend of claim 5, wherein:

the self-healing first polymer material comprises poly (eth-
ylene-co-methacrylic acid).

7. The puncture healing polymer blend of claim 5, wherein:

the self-healing first polymer material comprises a poly-
olefin plastomer.

8. The puncture healing polymer blend of claim 5, wherein:

the self-healing first polymer material comprises poly
(butadiene)-graft-poly (methyl acrylate-co-acryloni-
trile).

9. The puncture healing polymer blend of claim 1, wherein:

the second material comprises a polymer.

10. The puncture healing polymer blend of claim 8,

wherein:

the second material comprises no more than about 10% by
weight of the polymer blend.

11. The puncture healing polymer blend of claim 8,

wherein:

the second material comprises poly (ether ether ketone).

12. The puncture healing polymer blend of claim 1,

wherein:

the second material comprises at least one of glass fibers
and graphite fibers.

13. A method of making a puncture healing polymer blend,

the method comprising:
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providing a self-healing first polymer material having suf-
ficient melt elasticity to snap back and close a hole
formed by a projectile passing through the material at a
velocity sufficient to produce alocal melt state in the first
polymer material, wherein the first polymer material
defines a first melt temperature;

providing a second polymer material that is non self-heal-
ing, wherein the second polymer material defines a sec-
ond melt temperature;

mixing the first and second polymer materials;

heating the first and second polymer materials to a tem-
perature that is at least as great as the lowest one of the
first and second melt temperatures.

14. The method of claim 12, including:

defining a target mix temperature;

causing a temperature of the first and second polymer
materials to ramp above and below the target mix tem-
perature while mixing the first and second polymer
materials.

15. The puncture healing polymer blend of claim 1,

wherein:

the self-healing first polymer material comprises a copoly-
mer with ionic groups.

16. A sheet of material formed from a puncture healing

polymer blend, comprising:

a self-healing first polymer material that is capable of clos-
ing a hole formed by a projectile passing through the
material;

a second material blended with the first polymer material,
wherein the second material is non self-healing; and
wherein:

the puncture healing polymer blend is in the form of a sheet
that is capable of self-healing.

17. The sheet of material of claim 15, wherein:

the self-healing first polymer material is only self-healing
when the first polymer material is within a first tempera-
ture range;

the puncture healing polymer blend is self-healing over a
second temperature range that is greater than the first
temperature range.

18. The sheet of material of claim 16, wherein:

the sheet is about 4.9 mm thick.

19. The sheet of material of claim 15, wherein:

the self-healing first polymer material comprises a copoly-
mer with ionic groups.

20. The sheet of material of claim 18, wherein:

the copolymer comprises molecules defining polymer
backbones, and wherein the ionic groups are distributed
along the polymer backbones.
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