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Abstract RESU |t

A method for production of flexible towpregs for thorough infusion of resin into
fibers using electrostatic spray gun, which involves powder coating a bundle of
filaments is desighed and developed. An investigation into the flexural properties of
unidirectional composites (UDC) produced from blending of carbon fiber and
polypropylene (PP) matrix in varying forms of fiber, powder and film are reported.
Further, pre-impregnation techniques such as Dr. Ernst Fehrer (DREF) spinning and
electrostatic powder coating are used for production of hybrid yarns, the pre-
formed yarns are woven into 2D and 3D fabrics (angle inter-lock and orthogonal

Parti ”V fused y |
a ‘a Se _—"—‘
—— T :

Hot air towpreg
Oven

Hot air oven

Electrostatic spray

gun
\ Free charged

ons | .
||

Electrostatic
spray gun

I
|
“J . Charged
-
|

» powder [ Towpreg take up
) _ Powder |

!
- \\\' T
. V 2 “\ “',\
coating booth i O \
- - v 9 -8
- Conveying | ’
Pneumatic tow . I
2 4 air m)lel ,
. spreader ,
.- Take up N | 1
| — — !I

device

4 Tow letoft /  Flidized bed
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2D and four variations of 3D composites. Analysis by micro-computed tomography, Fhdting 4 L | =
and scanning electron microscopy indicate better impregnation of PP powder >chematic of develope electrostatic spray coating set-up
despite higher viscosity of PP powder than PP fiber. The thermoplastic composites | |
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goods like tennis rackets, golf shafts, mountain bike parts etc. ‘
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Introduction & BN =\ G
Thermoplastics are the class of polymers that are often employed in polymeric N b S

composites. Despite its environmental friendly property, thermoplastic based ©
composites are less preferred given the processing challenges arising from its "=
inherent high viscosity. To overcome the processing challenges, several techniques

of pre-deposition of matrix onto the reinforcement have gained attention. Notable
few among these techniques are: Dr. Ernst Fehrer (DREF) spinning and powder
coating. These techniques have the potential to yield flexible towpregs. In this study,
unidirectional composites (UDC) with carbon fiber reinforcement and polypropylene
(PP) thermoplastic was manufactured using three different methods. In the first
method, PP matrix was combined with carbon tow to form DREF spun hybrid yarn. A
stack of yarns was consolidated to yield UDC-D composite. In the second method,

PP powders were electrostatically coated over carbon tow and later consolidated to
form UDC-P. In the third method, PP films were stacked between carbon tows and
consolidated to form UDC-F. The net fiber volume fraction was ~50% in all the three
UDCs. A comparison of mechanical properties of the three composites was taken up

to understand the efficiency of matrix wetting and impregnation.

Further, the preformed yarns from Dr. Ernst Fehrer (DREF) spinning and electrostatic
spray coating are woven into 2D and 3D fabrics (angle inter-lock and orthogonal
weave), which are then consolidated to yield 2D and 3D composites.
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Materials and Methods
Carbon fibers of 7 um diameter procured from Toray, Japan (UKN — 350 6K) is used

fiber breakage and porosity.

for reinforcement. Cryogenically ground PP powder was obtained from Newgen Micro-CT images of (a) DREF unidirectional composites, (b) powder  Micro-CT images of post notch-test samples of 2D and 3D woven composites from DREF spun
| ! . . . coated towpreg composites (c) Film stacked unidirectional composites hvb(id yarn;'ZDWC-D_ (a) :c,ectioned slice showing fiber breakage and PO'I‘OSitV; ?fDWAC-D_ (b) .
S pec 1d |ty P I d St ICS I_| m |ted’ N Ol d d , | N d 4. sectioned slice shou‘nng fiber breakage a?nd por<?5|ty; 3D\NOC:D (c) sectioned slice shc?wmg fiber
. . ] ] . . breakage and porosity, 2DWC-P (d) sectioned slice showing fiber breakage and porosity; 3DWAC-
An e | ectrostatic s pray coati ng set u P Was d esign ed an d fa b ri Cated in-h ouse to yie | d a P (e) sectioned slice showing fiber breakage and porosity; 3DWOC-P (f)sectioned slice showing

thorough impregnation of PP powder on carbon fiber tow.
Similar core sheath yarn was produced by process of DREF spinning which utilizes PP
fiber to be wrapped around the carbon core.
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SEM images of (al, a2) DREF unidirectional composites, (b1, b2) powder
coated towpreg unidirectional composites (c1l, c2) Film stacked
¥ unidirectional composites
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 The maintenance required and spare part consumption for the machine is minimal.
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