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B ARBREMEEIEL? What ?
= Single-polymer-composites (SPCs)

m made by integrating h 1975 Capiati and Porter introduced
of the same polymer. the first example of a SPC of PE
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BN 2 ERBREME SR Why ?
m Advantages:
mLight weight
mGood mechanical properties
mGood Interfacial properties
mGood recyclable (no glass fibers..) and reusability

L N ;

glass fibers carbon fibers polypropylene fibers
Density: 2.5-2.9 g/cm®  Density: 1.7-1.9 g/cm?3 Density: 0.9 g/cm3

(Compo A, 2000, 31, 1117) -
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Nike BP Contour BPS
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Protective case - laptop
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m XKW (PP)
m low density
m high tensile strength

m high compressive strength |
. N s T4 EPPRE S MELRR I’
WRWEE MR R AR, B

m much academic and commercial &. B8R E. miL2EEBh
interest in the past fe ades  MIEMFER R, MAT

— YR B R Bz 45%-
Recyclability H T 1523506, H FH 5510%
Interface adhesion F1 TN 10% U ER 43

n RABEREMEEGHEIPP SPCs
2014/3/27 5-
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o BKEEFE20004EMIRERBEA A BREFNBEFARE TELVS (end-
of-life vehicles) #84: ZR1EF20154E, BKERNBERAMERE X
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™ Main challenge in the development of SPCs

m Proximity in melting temperatures of matrix and

reinforcement _ _
Processing temperature window

o W F B R SR EMRL? How?
m Hot compaction of fibers/tapes
m Film-stacking
m Combination of hot compaction and film stacking
m Overheating
m Co-extrusion
[: Undercooling ]

2014/3/27
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> Undercooling or i S AB B
supercooling refers to
cooling a substance
below a phase-
transition temperature
without the transition
occurring. T T

> Polymers can be easier : .
to supercool because of
their extremely high
molecular weight and
long molecular chains.

b

» Semi-crystalline polymers upon melting
can be undercooled to a temperature
well below the melting temperature
while crystallization is largely absent.

2014/3/27 8



|| WS EERESEA
» RA VI AR

2 L
> The applicability of Hoating ” ; PP fiber
undercooled melt in SPCs
processing Is expected to be o—

largely dependent on the
supercooling degree that the
polymer can undergo without

161°C -
<—| | Undercooling ]
=

N

124C e

Cooling

solidification >

»> The larger the supercooling HEHHW ET el
degree, the smaller the 167°C
pOtentiaI Of heat damage to the 20 | 4;} ﬁ:] E.u Ilfm . 1:‘:01 1lm llf:-ﬂl 1;30 | 260 Izﬁn I24u
strength of the polymer fiber. Tamperature ('C)

Processing temperature window: 125~150C

2014/3/27 9 .
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m Development and characterization of undercooled PP
used to prepare PP SPCs

b

PP was supplied by
B 07 - Phillips Sumika
et sl ] Polypropylene Company,
g ! with a density of 0.905
Cooling 230 | g/cm? at room
$ . temperature.
% 207 'x
Heating % ' L\_
167°C S 107 g
| =
..................... e T——
20 40 60 80 100 120 140 160 180 200 220 240 100 120 140 160 180 200
Temperature (C) Temperature ()

supercooling degree could be up to 43 C (T,,,_T,).

2014/3/27 10
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High-strength woven L
polypropylene cloth was

supplied by Innegrity Heating [_J
LLC (Simpsonville,SC).

1177C

20 40 60 80 100 120 140 160 180 200 220 240
Temperature ('C)

Processing temperature window: 125~150C

2014/3/27 11 .
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High-strength woven
polypropylene cloth was
supplied by Innegrity
LLC (Simpsonville,SC).

> Crystallite orientation 140 C and 150 ¢ o= R
were hardly changed.

» A substantial change was observed
when the heating temperature further
Increased to 160 C.

» Processing temperature should not
exceed 150 C. Otherwise, a large
reduction in tensile strength of fibers is () 150°C (d) 160°C
expected.

Fig. 5. X-ray fiber photographs of heat-treated PP fibers.

Processing temperature window: 125~150°C

2014/3/27 12
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B Heat platen
High temperature platen low temperature platen

> PP sheets were first heated to 200 C for 10 min on the first station
to obtain two layers of molten PP sheets.

» The molten PP sheets were then quickly transferred to the second
station set at a lower temperature to be supercooled.
» Compressed under a pressure of 9 MPa for 10 min.
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9 MPa for 10 min

or e

2004 240-
180- I 220
160- 2001
S I [] 2180+
B 140 - " ]
= 1491 =160
= 120- = 1404
5 < 1401 ¥
5 1007 ] 21204
3 80 [] 71001 §
= in4 £ 007
407 401
207 20
O T T T T T T T T T T d D T T
125 130 135 140 145 150 125

Temperature ('C)

(a) Tested parallel to the warp direction
(b) Tested parallel to the weft direction
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) o PP fib
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140 - R 15 — PP SPC
. 14 ==== PP sheet
120 o
[
1 D12+
= 100 =
Z = 10 -
= 80 2
& |
A 60 - gr o~
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4 A
PP sheet N &
20 24 —
0 - - - - T - . - T . . . . . E | 1] T T T T T T T T T T T T T 1
000 002 004 006 008 010 012 014 0L 30 40 S0 (i1l 70 g0 ) 100
Stram Temperaturs (T

» Comparison of stress—strain curves for PP SPC sheets (weft
direction) and non-reinforced PP sheets obtained by compression
molding at 135 C.

» DMTA results for PP fibers, PP SPC sheets (weft direction) and
non-reinforced PP sheets.

2014/3/27 16
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Exp. Temperature Time Warp Warp Weft Weft

( °C) (min) tensile tensile tensile tensile

. strength modulus  strength modulus

pressure: 9 MPa  (vpa) (GPa) (MPa)  (GPa)
1 125 5 83+4 29t04 92%5 3.2x04
2 125 10 84+5 29+04 93%4 3.2+x05
3 125 15 84+5 28+04 94%5 3.3+04
4 130 5 91+6 3.210.2 126+ 5 3.6t0.3
5 130 10 102+ 8 3.3x0.1 134+ 6 3.8x0.2
6 130 15 103+ 7 3.3+0.2 135+5 3.8+0.3
7 135 5 125+ 4 34103 127+ 6 3.8xt04
8 135 10 1405 3.5%0.2 143+ 7 39+0.2
9 135 15 143+ 6 35104 149+ 6 39104
10 140 5 139+ 7 3.3x0.1 180+ 8 3.6x0.3
11 140 10 149+ 9 3.210.2 196+14  3.7+04
12 140 15 155+ 6 3304 204x8 3.6xt02

2014/3/27
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No variation

F

increased

increased

Strength increased,
Modulus not changed
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Exp.  Temperature Time Warp Warp Weft Weft

( °C) (min) tensile tensile tensile tensile Strength increased
pressure: 9 MPa ?K;?D”zgth E'(‘;OF‘E';)'”S ?It\;“;,“f)th (rgoga‘j)' ° first then decreased,
3 145 5 14819 32404  102+7 32+ 0'g_vtodulus not changed
14 145 10 166+16  3.0+04  203+10 2.9+ 0;7
15 145 15 172+ 10 3.0£04  208%11 29+0( Strength increased
16 145 20 169+ 8 31+03  204+9 2.9+ o[ first then decreased,
17 150 5 168+10  23+04  205+11 23+ o.w’kﬂlus not changed
18 150 10 176+ 11 23+05  215+9 22402
19 150 15 175+ 8 22404  213+8 2.2+0.4
20 150 20 169+ 7 22404 21049 22403

2014/3/27
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No variation

increased

3.8+ 0.%

3.7+0.3
3.9+ 0.2

increased

EXp. Temperature Pressure  Warp Warp Weft tensile Weft tensile
( °C) (MPa) tensile tensile strength modulus

strength modulus (MPa) (GPa)
(MPa) (GPa)

1 125 6 83+ 3 29103 93+5 3.210.3

2 125 9 84+5 29104 93+ 4 3.2x05

3 125 12 84+ 4 28104 94+5 3.1£05

4 130 6 100+ 6 3.3+0.3 134+ 3 3.810.2

5 130 9 102+ 8 3.3x0.1 134+ 6

6 130 12 104+ 9 3.3x04 136+ 7 3.8t04

7 135 6 120*+5 34103 128+ 8

8 135 9 140*5 35+0.2 143+ 7

9 135 12 148+ 6 3.6x0.1 152+ 8 39x0.1

2014/3/27
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Exp. Temperature Pressure  Warp Warp Weft tensile Weft tensile
( °C) (MPa) tensile tensile strength modulus ]
strength modulus (MPa) (GPa) increased
(MPa) (GPa)
10 140 6 132+ 7 3.3x0.1 148t 9 3.6x0.1
11 140 9 149+ 9 32+0.2 196+ 14 3.7 04 Strength increased
12 140 12 154+8 3.1+01 202+ 11 36+03| first then decreased,
13 145 6 149+ 7 32402  189t10  33+0.2 vodulus not changed
14 145 9 166 = 16 3.0+04 203* 10 29104 |
15 145 12 160412  23+03 19449 23+0.2 ( F_Strenhgth (ljncrease((::ll
fIrst then decreased,
16 150 6 167+ 9 24+0.3 204+ 10 22103
Modulus not changed
17 150 9 176 £ 11 23+05 215+ 9 221+0.2 |
18 150 12 170+ 12 21104 208t 8 2.1+0.3
2014/3/27 20 .
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;- - : || (Hine et al., 2003)
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(a) 125°C
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""" (b) 135°C

xtension (mm)
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PP fiber pulled out from the matrix
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# Undercooling

Pros and cons: - : f{

» Wide processing temperature SRR ||~ PP fiber
window: below the matrix T,
and the fiber T, Is even higher
than the matrix T, (due to
orientated crystals).

» Good interfacial properties.

» But the temperature processing

4
\

116°C

124°C e

A4

Cooling

<N
Y

window Is determined by Heatinw PP matrix
different polymers and the 167°C
processing parameters. R P S Y P P s A

Temperature (T)

2014/3/27 23
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= Undercooling
m PEN SPCs

2 PEN SPC

Stress (MPa)

pure PEN

000 002 004 006 008 010 012
Strain

» Tensile strength is 3.6 times
higher than that of pure PEN.

201413727 -




@ Light weight
@ Friendly recyclability
@ Excellent fire/matrix adhesion

« SPCs are developed to overcome the environmental
problem of recycle and classical problem of poor
interfacial bonding between the reinforcement and the
matrix in traditional composites.

PP is athermoplastic with a wide range of applications.
Over the past 30 years, the SPCs concept has been
extensively investigated with PP.

2014/3/27 25



M Hot compaction is still the principle method to
oroduce SPCs

7 Disadvantages:
m long preparation cycle (several minutes)

m products with simple shapes only
m need post forming into appropriate shapes

An intriguing challenge for SPCs Is to develop
processing techniques sufficiently versatile to
be scaled up at an industrial level.

2014/3/27 26



» Some widely used manufacturing processes
such as extrusion and injection molding could
be developed to realize SPCs production.

» Then the application area of SPCs will be
enlarged.

2014/3/27
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M Extrusion of PP SPCs with undercooling melt
L

———————————————————————————————

T1 < Tm TQ{ Tm T3 g Tm

U~ |

[91)
o

1 @PPSPCs

] inf d PP 41.801 =
non-reintorce
= 40 1
& 35.122
E 29.933
£ 30 -
(o))
c
]
B 20
©
3
>
3
(' 10 .
O p

No.1-1 No.1-2  No.1-3 No.1-4  No.1-5
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