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Carbon Fiber Tow Spreading Technology and Mechanical Properties of

Laminate Composites

Sung Min Park*', Myung Soon Kim*, Yoon Sung Choi*, Eun Soo Lee*,
Ho Wook Yoo**, Jin Sung Chon**

ABSTRACT: This paper reports a study on a method for achieving lightweight thermoplastic laminate composites
referred to as tow spreading technology. Thickness of an unspread 12 K carbon fiber tow is reduced by increasing the
tow width from 7 mm to 20 mm. The polypropylene (PP) film was used to stabilize and impregnate the spread tow,
covering it into a partially consolidated prepreg: 12 K carbon fiber spread tow/PP. Laminates were fabricated from the
spread tow prepreg and control laminate composites were produced from unspread tow prepreg consisting of 12 K
carbon fiber and PP. The void content, tensile and flexural properties of the composite laminates were investigated.
Consequently, the spread tow laminate composite exhibited lower void content and improved mechanical properties.
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3.1 Materials

B o of|A= 12 K B4 8-(T700SC, TORAYCA, Japan)
2} 5 15 um, HF 13.5 gsme] PP =& (Kolon, Korea) Af
gahale.

3.2 Carbon fiber spread tow technology

Fig. 1] tow spreading A% Q] A2l & BAE=E el
Stk 3 ATl A AT AUBE WA FAE 9
3l furnace(300°C)o| A AAd7-2] UH 7} &% (Desizing)
Ha, npEEY 4 EYH A AAE AA F 20 mm O
spread tow7| HT} & A7Lof| ARE-H spreading A% 9] &
G 39 T HE US40t o) 913l e wuol

=% bE shglow), Haol Hol Ao uet Beje] 2
$3} Alo]= WiskE wejshel A4 @ At Fig. 2
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SRR
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Fig. 1. Schematic diagram of carbon fiber tow spreading device

(a) (b)

Fig. 2. The carbon fiber tow: (a) before (7 mm) and (b) after
(20 mm) spreading



Carbon Fiber Tow Spreading Technology and Mechanical Properties of Laminate Composites 251

Carbon fiber

Creel Preheating zone Heating & press zone Take up

Fig. 3. Schematic diagram of thermoplastics prepreg line

3.3 Fabrication of the composite laminates

Spreading A, 39| tow®} PP &S ARE-5lo] |y
8 A2ah] 9 Fig 39 wAEe) gre Hul S ALg S
Aok ZF 17 H AA 272 preheating zone 210°Co] 1,
heating & press zone2] 2= 2 ¢F&H -2 230°C, 5 baro| o,
take up $:== 1 m/mino|c}. Fig. 40f A|=% CF/PP iZg]
o 12 L 913, Table 1] A 71 9] ALFS Lhebh S
il 9ot Zol Alxd =Y aE d WFe s 43
5 230°C, 20min, 6.8 MPa®] ZAO = compression
moldingZ 53} 7}2 100 mm, A|2 120 mm, 77| 2 mm2]
2% APL SA5HACHFig 5).

3.4 Density, fiber volume fraction and void content
Az A3 ERe Ues S4517] 98| ASTM D792
Fig. 4. Clr:e/PI:eprepreg: (a) unspread tow prepreg, (b) spread tow Aol 7|25} 0] WE(p)2 =459 1, ASTM D3171-
PrEpred 090] whe} ofeh Aol o5 H94HHE(V) U 7| ZH A&
(V)= AAkstoich

Table 1. Specifications of CF/PP prepreg

Vi (%) = (My/M;) x pp; x 100 5
Spec. Unspread tow Spread tow V,, (%) = (M,~M)IM, x pp; x 100 )
Prepres Prepres V, (%) = 100 —(V,~V,) )

Number of tow 15 5
Fiber content (wt%) 33 30 o] 7] of| A, Vf‘t—_ G0 A& (%)o] 1L, V, & W E A0 H
Width (mm) 100 100 H(%), V= 7152 A1 (%), M= 54 A7 5 2A(g), M,
Thickness (mm) 0.26 0.14 = 27] A1E9 A (g), pa= A1HE] WU (g/ec) 1AL p

Aol Y (g/cc)oltt.

3.5 Mechanical tests

Spreading %, & tows AMERH HRA RO 7| AA EAS
B}t QIRAIH-S ASTM D3039 A|gof| 7]&35}10] cross
head speed 2 mm/min &= 2 AL, ZTA|H-S ASTM
D790 A& of we} 1 mm/mine] £E2 AT

B

s
An 2 o

Spread tow ARg-of| w2 A3 SA| R =4, 7]A14
Fig. 5. Composite laminates: (a)unspread tow, (b)spread tow EAS 28] Table 20 UERYIT) AlH2] E/4E 2 mm
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Table 2. Results of the composite laminates made from carbon
fiber spread and unspread tow

Spec Unspread tow Spread tow
pec. composite composite
Number of plies 8 15
Measured density (g/cm”) 1.09 £ 0.03 1.06 +0.02
Fiber volume fraction (%) 23.17 + 1.47 19.83 £ 0.85
Void content (%) 321+1.22 0.16 £ 0.04
Tensile strength (MPa) 458.52 +73.25 513.73 + 58.63
Tensile modulus (GPa) 2.29+£0.08 2.35+0.06
Flexural strength (MPa) 559.03 + 45.07 607.54 + 62.74
Flexural modulus (GPa) 2.06 + 0.05 2.17 £ 0.06
600
—— Spread tow composite
500 A
—— Unspread tow composite
400 4
3]
&
=
— 300 A
2
2
200 A
100 -
0 ; : .
0.0 0.2 0.4 0.6 0.8

Strain [%o]

Fig. 6. Stress-strain curve of the spread tow and unspread tow
composite laminates
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Fig. 7. SEM images of tow prepreg: (a) unspread tow prepreg,
(b)spread tow prepreg
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