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o Abstract -
Formatlon Of Interphase StrHCtureS Understanding the capabilities of polymeric materials to form interfacial structures around carbon nanotube and other UnderStandlng PrOperty EffGCtS Of
CONTROL OF INTERPHASE STRUCTURE FORMATION nano-carbon materials 1s instrumental toward controlling composite structure-property correlations. This work outlines
developments regarding new processing routes for dispersing nano-carbons in dilute polymer solutions. This dispersion Interphase StruCtureS

PAN tubular coating

process Involved steps of sonication, shearing, and crystallization. The specific combination of these processes results in

the formation of polymer interfacial growth (i.e., interphase structures) on the nano-carbon surfaces. The interphase ' 5.'7;?' P et ol cnyis bl @ O3 LEVE
T RN . the vicinity of SWNT is controlled by tailoring

In this study polymer
(a3) . . ' . .
(002) crystallization 1s combined with

Sormoilé dispersionieRn Iy formed .consists of either extepded-c.hain or folded-chain polymer crystals depepding on the procesging route qsed. This the deeree of e N P 5 5

order topro R R O ation of processing app.roach.for the dlsp9r81on of nano-carbons and subseguent formgtlon of the polymer %nterphasg 1S further of PVA duringiior Ry s
interfacial polymer structures. 1mplemente.d .1nto fiber processing procedures. Polymer materials used in these corpposfce fiber studies }nclude e . | .
The nC i . polyacrylonitrile (PAN), polyvinyl alcohol (PVA), polyethylene (PE), as well as collagen pr.ot.ems. The n.an.o-carbons include e ~b The PVA interfacial region around SWNT has

.. nUcleaT R R O r ) these carbon na.notubes (CNT) and carbon 1.12.1no-.ch1ps (CNC) (1.e., platelet morphqlogy). In addition, boron nitride platelet§ were P e denser crystalline chain-packing
interphase structures also studied. Several process modifications were made to the fiber spinning procedure to ensure the formation of =l e O

PAN kebabs on SWNT shish interphase structures within all the composite fibers formed. It was found that polymer crystal growth and entropy ;o N __
changes in the system (e.g., biological materials) should be well-controlled to form specific interphase morphology. For S i ol i & Young's Modus

B Tensile Strength

B , this reason, such studies were also performed for all the polymeric materials used in the presence of the nano-materials.
(a) Semi-dilute PAN/SWNT solutions : : : : : : : . :
low coolodhmN . In general these composite fiber studies showed that the inclusion of interphase structures in the composite fiber led to
> extended-chain crystals dramatic increases in the mechanical properties. Beyond mechanical enhancement, the composite fiber morphology was
10 100) * major PAN peak exhibits a distinct also examined to understand the fundamental links between the processing route use and the resultant structure-property

i ?hou)l;i;il‘ dl)lg tolﬁle iﬂlslteﬁce of a . relationship. A general overview regarding the results of these studies will be outlined and discussed in this talk.
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The resultant composite fibers (F-A and

F-B) show excellent tensile strength,
modulus, and toughness properties

Young's Modulus (GPa)
Tensile Strength (GPa)
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The fibers with interphase structure
present (F-B) show the most significant

(b) Slow cooled dilute PAN/SWNT Processing Composites with Interphase Structures

solutions in quiescent state

PAN/DMF blobs on SWNT

- hybrid PAN-SWNT shish-kebab . . Young’'s Modulus Tensile Strength
: . Gel-spinning
scattering (first observation for PAN) : Take-up rolle I Gel-spun .
(002) J In order to ensure that the formation of polymer-nanotube [ Shear-spun ;‘:grs]"fh
\ 9raphite (c) Quiescent dilute PAN/SWNT A5 SpnTReEs interphase structure is translated to the composite fiber we Toughness (GPa?

investigate a modified spinning approach (J/9)
Elastic modulus

(GPa)

Nanotube Dispersion and Polymer
Conformational Confinement

solutions subjected to quenching
- PAN/DMF “blobs” (due to the
presence of solvent)

10 20 30 40 Elongational flow has been added to a traditional gel-

spinning approach in order to promote polymer alignment in
Solvent reservior 3
Syringe Flow assisted the presence of the nanotubes. Temperature changes are Strain (%)

EFFECT OF TEMPERATURE (T’) ON PAN CRYSTALLIZATION L i ot spinning introduced between the spinning dope and coagulation bath

Take-up roller

(a,) W Fibers are spun with

Large void structure in the fiber ’ g 45 : :,.‘:,' b dlfferlng degrees Of
S = o 75 K B 8 dispersion quality to study
this effect of interfacial
polymer-CNT interaction

Glass tub
AR As-spun fibers

Initial characterization shows that the flow modification
leads to much improved fiber performance =2

Polyhedral Single Crystals
« 90 °C 2 60 °C, 1sothermal @ 60 °C
* Growth along multiple directions
e Small
* Not sensitive to electron beam

(a) F-1 fibers have large
volds due to phase
separation between

X-ray diffraction

e and scattering are Structural and Morphological Improvement from

i s s o used to analyze the Control PVA Fiber to PVA/ICNC Composite Fiber polyTHS R -
=gl o structural .
= characteristic of the (b) F-2 fibers have large
é composite fibers nanotube agglomerations
0 30
Parallelogram Single Crystals % end CRER R
« 100 °C = 70 °C, 1sothermal @ 70 °C w (c) F-3 fiber have most
. i . 2 : :
* Preferential growth along a- and b-axes =0 0125 0.25 05 > Filer Goncentration (wi%) even dispersion quality

e Medium
 Sensitive to electron beam

Polyvinyl alcohol (PVA)/carbon
nano-chip fibers were spun using
the modified spinning approach

Confinement of the polymer chains Young's Modulus (GPa)
between SWN'T bundles or 10 15 20 25 30 35 40
individual tubes (i.e., molecular M Tensile Strength (GPa)
o N [ 1 Young’s Modulus (GPa)
crowding) resulted in large

increases in the PAN-SWNT
Interaction energy

Elongated Rhombus Single Crystals
« 120 °C = 90 °C, 1sothermal @ 90 °C
« 110 °C = 80 °C, 1sothermal @ 80 °C
« Extremely fast growth along a-axis

Interphase V__ (%)

Composite fibers show the
presence of interphase structure,
and this contributes greatly to the
0125 025 05 . mechanical performance

Orientation s ~~
factor (f) = 0.75 R Weak polymer-SWNT

interaction
(Polymer coiled
conformation)

* Large Filler loading (wt%) Computational studies show that Orientation
» Highly sensitive to electron beam the polymer chain alignment is Orientation actor O =0.17
e most influenced when the factor ) =079
the crystalline, and tensile strength vs. lamella size dispersion quality is highest Strong polymer-SWNT

interaction
(Polymer extended-

Interfacial structures also influence 00 05 L4 ' W&E |  chain conformation)
the mechanical properties Tensile Strength (GPa)

siaqi4 aysodwod INMS/NVd

before amorphous regions reciprocal relationship

Studying the specific

crystallization conditions (i.e.,
single crystal growth) of the

"ne” polymer allows for even more

precise tailoring of the conditions

to be used for the formation of

Interphase structures
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a single fibril consisting of
lamellae stacks
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