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Evaluation of crystallinity and mechanical properties of
thermoplastic composite material cooled by die during hot press
forming
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Evaluation of crystallinity and mechanical properties of
thermoplastic composite material cooled by die during hot

press forming

Han, Seok Hee

Major of Materials Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Polymer-based fiber-reinforced = composites have superior  corrosion
resistance, specific strength and specific rigidity compared to metal materials,
and are being applied as a substitute for metal materials in transportation
industry such as aircraft, ship, and automobile. Particularly, research on
thermoplastic polymer composites which can be easily processed and recycled
compared to a thermosetting polymer composite material is being studied.

Thermoplastic polymer composites can be thermoformed and molded through
heating, pressing, and cooling processes. Most thermoplastic polymer
composites have a semi-crystalline molecular structure, and the mechanical
properties after molding depend on the degree of crystallization depending on
the cooling temperature. Conventional thermosetting composites have the
advantage of obtaining high mechanical properties by using an autoclave, but
they are disadvantaged in that they require high production cost and long
molding time. On the other hand, in the case of the thermoplastic composite
material, since the out-of-autoclave process using the press equipment can be

performed without the autoclave process, including the thermoforming process,

- viii -
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the process cost and the production time efficiency can be increased It has
advantages.

In this study, the parameters of the press forming process were derived by
using Polyphenylene Sulfide (PPS) applicable to the secondary structure or
simple parts of the aircraft and physical properties were evaluated by
preparing specimen according to the cooling rate. Generally, the process using
Hot-Press performs molding of a thermoplastic composite material through
heating, press-molding, and cooling processes. In this paper, Infrared is used
to heat up to the processing temperature of thermoplastic composites, and
then the molding process is performed by applying pressure. The mold
temperature is changed to evaluate the properties according to the cooling
rate, Respectively. In addition, the same specimen was fabricated by the
vacuum forming process using the oven and compared with the specimen
produced by the hot-press molding process.

The crystallization degree according to the cooling rate was measured by
differential scanning calorimetry (DSC) and the higher the cooling rate, the
higher the tendency to be measured. In addition, the mechanical properties
such as tensile and compression were also measured to be higher as the
crystallinity was higher. Surface and fracture surfaces were observed with a
Scanning Electron Microscope (SEM) to analyze the surface state and fracture
behavior of the material according to the degree of crystallization.

Through this study, we investigated the crystallization and mechanical
properties of hot - press molding using thermoplastic composite according to
the cooling rate. Based on the results of this study, it is expected that it can
be utilized in the actual part molding using thermoplastic composite materials
such as PPS and PEKK (Poly Ether Ketone Ketone).
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2.1.2. PolyPhenylene Sulfide
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Fig. 1 PPS chemical structure

Table 2 Property of PPS resin
Properties Unit Value
Specific gravity g/cc 1.35

Glass Transition
C 90
Temperature

Melt temperature @ 280
Moisture absorption % 0.02
Tensile Strength MPa 90.3
Compressive Strength MPa 148
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Fig. 2 Hot-Press machine
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Fig. 3 Schematic of hot press forming process using preheater
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(d) Press the layers by 10

bar

Fig. 4 Hot-press forming process of Carbon/PPS specimen
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Fig. 7 Temperature data at each layer (8 ply)
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Fig. 8 Temperature data at each layer (18 ply)
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Fig. 10 Temperature data at each position in middle layer (100°C)
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Fig. 11 Temperature data at each position in middle layer(200°C)
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2.2.2. Vacuum forming
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(a) Place vacuum bag with (b) Laminate Carbon/PPS
pre-coat laminates

() Place vacuum bag with
pre-coat

¥ &

(e) Vacuum bag film coating (f) vacuum forming in the oven

Fig. 12 Vacuum forming process of Carbon/PPS specimen
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Fig. 13 Forming time - temperature curve of vacuum forming
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2.2.3. Differential Scanning Calorimetry

WztEw o] Walo] o3 AAIEE A4HEr] el Differential Scanning
Calorimetry (DSO)E ol&3tATth Al&et 7E=d<S 7Hd, ¥4ty 1 9%
o] AolE 7|53t WHOE HolHE A=t AR =9 - 38td HdS
& g Jdow FI WHIE HAFH, dF HRE IS F U A /s
ARZE  FEHolem(Tg), |84L=(Tm), ZAAFLZ=Hm), £84(Tm),
AAst9Ho), ¥HEE, HE, €48%, 249 So] Atk  AFdAE= scinco
ite] DSC N-650 AH]= /\}%omﬁlﬁ‘r o] Xt FHEF VEAHQ A
Table 33 2t} B AdPolxe A2d AlHY DA EE dotir] St <
e 2 Yzt =48 15 C / mnZ FYsHA 244t
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Fig. 14 Differential Scanning Calorimetry

Table 3 Temperature data of DSC

Data Unit Value
Temperature Range T =150 ~ 725
Temperature Accuracy T + 0.5
max heating&cooling rate € [ min 60
- 22 -
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2.2.4. Mechanical Test

DSCE o] &3t SA43 AAsI=et Ao ZAdAE &Astr] fste] 7]
A BANDS WYt A= #7191 KDMT-156<
o]-g3stad 0°, 90° AZAY, 0° A=A 28 S AdA e JFsA0.
AFANHEe A5 7 71238 Aoz ASTM D3039¢] Ao wet Ad
A AL F ALEE 2mm/min2 APk olw AP F AWl A7)
gripRol A shete] ube A WA s We RAVAT AP
ASTM D695¢] A2 AYPH AHY AdFAEE
mm/minelth AFANDH FFAFL L3 2] Q2 HUJAAF=ES ALts

o},

A7 A F'e AQAAAS(MPa), P = g A Ho) 8%, A= A9 3
o THHo|t,
ASTM D2344¢) uw}&} short beam test=2 Al#He Z7F A 45 EALS AY

393 NP4 EE 1mm/min ©)al short beam Ho A== 2 (3)9} zth

m

L 77 GE TR 3)
o714 F* %= short beam Z%, P, & AW 3%, bE AW Z, h AH
FA ol
AL 25 THE JAdsd A, HAEke AL 579 BEgsEs vl
st

Fig. 150 7}&3 Al o] e =E YeEfi it
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250 3

19

79.4

)

Fig. 15 Test specimen (Tensile 0° ,90° , Compressive,
short beam)

—— e B

12

Fig. 16 Tensile test (longitudinal and transverse direction)
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Fig. 18 Short beam strength test
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2.2.5. Scanning Electron Microscope

ZIAA ERZAE olF Iuw EAES 9t FARHAERZA  (Scanning
Electron Microscope, ©]3F SEM) °= IaHS #AZ3sth. Tescan jito
MRA-3E& o]&3on IHgdHd HEA FHAE A3 Ay HAPdezEz #Ha

H2H S AP

Fig. 19 Scanning electron microscopy
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Crystalline Temperature

Temperature (°C)

Time (hh:mm:ss)

—200 — 100

336

—Room Temperautre

Fig. 20 Press time - temperature curve of hot-press forming

Table 4 Cooling rate according to mold temperature until crystalline

temperature and glass

transition temperature

Cooling rate

Room

(‘C /min) Temperature

100 C

200 C

Vacuum
Forming

Contact molding
temperature ~
Crystalline
Temperature

96

76.5

20.7

Demolding ~ Glass
Transition
Temperature

87.39

1.59

3.2

1.75
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3.3.3. Short beam A& Az}
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Fig. 28 Interlaminar shear stress test result
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SEM HV: 7.5 kV WD: 19.89 mm | MIRA3 TESCAN

SEM MAG: 1.48 kx Det: SE 50 ym KMU

Fig. 29 Fracture surface of room temperature mold specimen (longitudinal
tensile)

SEM HV: 7.5 kV WD: 18.00 mm
SEM MAG: 1.61 kx Det: SE

Fig. 30 Fracture surface of 100°C mold specimen (longitudinal tensile)
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SEM HV: 5.0 kV - WD: 8.85 mm | i MIRA3 TESCAN
SEM MAG: 1.43 kx Det: SE KMU

SEM HV: 5.0 kV
SEM MAG: 1.82 kx E KMU

Fig. 32 Fracture surface of Vacuum forming specimen (longitudinal tensile)
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A=

SEM HV: 8.0 kV WD: 12.68 mm ] ) MIRA3 TESCAN
SEM MAG: 1.60 kx Det: SE KMU

Fig. 33 Fracture surface of room temperature mold specimen (transverse
tensile)

—. %

SEM HV: 8.0 kV WD: 16.07 mm ! MIRA3 TESCAN
SEM MAG: 1.59 kx Det: SE KMU

Fig. 34 Fracture surface of 100°C mold specimen (transverse tensile)
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SEM HV: 8.0 kV | WD: 14.88 mm MIRA3 TESCAN

SEM MAG: 1.60 kx | Det: SE 50 pm KMU

Fig. 35 Fracture surface of 200C mold specimen (transverse tensile)

SEM HV: 8.6 kV WD: 10.89 mm . MIRA3 TESCAN
SEM MAG: 1.63 kx Det: SE KMU

Fig. 36 Fracture surface of vacuum forming specimen (transverse tensile)
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