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Tribological Properties of the Basalt Fiber
Reinforced Composites by PTFE-Coating

Park, Jun Mu

Department of Materials Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The purpose of this study makes the basalt fiber reinforced composite
and progresses the friction and wear property test. Because basalt fiber
reinforced composite can be supplemented the defect like the harmfulness
to human body and environmental damage of the glass fiber and
overcome the defect that the application area is limited due to the high
cost of carbon fiber. First, the test specimen was made with the
optimized method according to the composites molding process. And the
friction and wear property test result by the fiber orientation angle was
analyzed. In addition, the friction section was analyzed. Finally, the
friction and wear property test according to PTFE coating treatment of
the material surface was compared and analyzed. This study verified the
possibility of life extension caused by excellent wear resistance and
enlargement of application area according to the low cost. And also, this
study considered that the fiber orientation and the existence and

nonexistence of the PTFE have a effect on tribological property.



The experiment was classified as three condition and progressed through

the process method, fiber orientation, and PTFE coating treatment.
VaRTM and Prepreg process method were compared. The tribological
characteristics test according to the fiber orientation was progressed with
prepreg fiber in Casel(0°), Case2(0°/90°), Case3 (0°/£45°/90°) of order. In
addition, the tribological characteristics according to existence and
nonexistence of PTFE coating treatment were analyzed through the
experiment. Finally, the friction section worn away was observed through
SEM.

Consequently, the test specimen which was made by using the prepreg
process is shown the excellent tribological characteristic rather than the
VaRTM process. And as to the tribological characteristic according to the
fiber orientation, Casel was the most excellent. Finally, in case of
processing PTFE coating treatment, the coefficient of friction which about
0.18u is low was measured.

This study result about friction and wear of the basalt fiber reinforced
composite by PTFE coating can be served as base line data for the

tribology application of the fiber reinforced composite.

KEY WORDS: Tribology Eg}o]& 2 X]; Basalt fiber @4 f; Composites =3}
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Table 1 Physical properties of the basalt fiber and glass fiber used for
experiments
Tensile Strength ~ Modulus of Elongation
Density (g/cmy;)
(MPa) Elasticity (GPa) at Break (%)
Carbon
2500~5600 230~240 1.7 1.4~1.8
fiber
Basalt
3100~4840 85~95 2.8 3.15
fiber
Glass
2000~3500 70 25 25

fiber
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Table 2 Chemical composition of basalt fiber

Contents
Composition
(%)
Sio, 47 ~ 56
AL O, 14 ~ 19
FeO + Fe,O; 7 ~ 15
CaO 8 ~ 11
MgO 3.5 ~ 10.0
K,0+Na,O 25 ~ 6.0
TiO, 02 ~ 20
P,0; 03 ~ 08
Cr,0, 0.04
MnO 0.2
SO, 0.2
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Fig. 1 Images of the basalt fibers
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Fig. 2 A simplified diagram of a basalt fiberization processing line : 1)
crushed stone silo; 2) loading station; 3) transport system, 4) batch charging
station, 5) initial melt zone, 6) secondary heat zone with precise temperature

control, 7) filament forming bushings, 8) sizing applicator, 9) strand

formation station, 10) fiber tensioning station, 11) automated winding station.
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Pulverization of Basalt
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Put Basalt

Meltlng of Basalt
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Formation of Fiber

¥

Blast heat

2
[ Staple winded J

Fig. 3 Manufacturing process of the basalt staple fibers
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Fig. 4 Application of basalt fibers
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Table 3 Mechanical and physical properties of PTFE

Characteristic Unit PTFE
Melting point (¢ 220
Physlcal
Specific gravity - 2.03-2.2
Tensile strength kgf/cm?®
315-420
Compressive strength %
. 1 kef /e’ 320-520
mpact strengt cm
P s 5 13.6-14.7
Rockwell hardness kgfcm/cm
R75-80
Mechanlcal Shore hardness -
D75-80
Tensile -
12.7-18.3
elastic modulus 10°kgf/cm?
10.5-21
Coefficient 10°kgf/cm?
0.37

of kinetic friction
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31 438 A=

AFAA T3t A v g vir EG AFS 93 B Aol Agd
BA = #ZE(SECOTECH) AR Al 23 e dF-4Ad frolth Fig. 5l
Aol AR Aol ARlE YER AT

JIANAZE Prepreg 2 VaRTM F 4ol AR&3l7] 98l =38 Aol A
Az 97434 £A<2U Epoxy KFRIIE AH83l9a 7Z3AlE= KFH141 &
ALE-3FA T Prepregi= Wet Prepreg 208 A|&stgom Ado A8H
Epoxy A2 £4< Table 4] YERHATH

b 9 omte S4S Fol7] fl8l AHER IARAEZE ACE AtellA Alzxd
PTFE =¥ A% JET PROTECTOR SPRAY (ZEY) & AH&3tth Fig. 62
Aol AHEF PTFE Z® AT AAAS YERAIH.

Table 4 Property of epoxy resin for tests

ITEM Density Viscosity
Equivalent Weight
(Measured DIN EN ISO Color DIN EN ISO
DIN EN ISO 3001
at 257C) 1675 2555
KFR-121 170~180 1.0~1.2 5 Max 700~1,100
ITEM Density Viscosity
Total Amine Value
(Measured DIN EN ISO Color DIN EN ISO
KD-AS-201-01
at 257C) 1675 2555
KFH-141 500~700 0.8~1.0 5 Max 5~50
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Fig. 5 Images of basalt fibers
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Fig. 6 Images of coating agent
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Fig. 7 Selection of effective process
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3.2.1 Prepreg
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BREATHER RELEASE FILM
BAGGING FILM PEELPLY or

VACUUM HoO BLEEDER  PERFORATED
j RELEASE FILW  pacssype
/ / SENSITIVE

VACUUM vnwE TAPE

FLASH T.‘-'tF'E PREPREC

/I-I | -

SEALANT
TOOL \

RELEASE PLY or RELEASE FILM

Fig. 8 Prepreg process
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3.22 VaRTM (Vacuum-assisted Resin Transfer Molding)

RTM2 A& F 7& FolA AF=E2 7AHs FEY preforme wlg Azt
3L Az F preformes F@Ol AFA FAE FYse WHOE
A5 S AEst= wyoltt. 1o WE VaRTMES .o tigolm A4k
183 oty agly 1FAY =2 HAFdRes

o
et EdAE T2 AFo] 7Fs3H closed mold

iy

d@st= oItk Fig. 99
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Vacuum Bag Part

Fig. 9 VaRTM process
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(@) Release Coating (b) Fiber lay-up

(c) Injection Line Setup (d) Peel Ply

(e) Distribution Media (f) Vacuum Bagging

(g) Resin Infusion (h) Cure
Fig. 10 VaRTM procedures
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3.2.3 Hand lay-up

Hand lay-up 42 78 22d 439 <2 stueltt. Hand lay-up 3782
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o B3t [18]
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Dry Reinforcement Optional

Fabri¢ —\ /' Gel Coat
Consolidation

ould Tool

Fig. 11 Hand lay-up process
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3.2.4 Autoclave

Autoclave A|2=®l2 o 71A] AFES A3y A 5HES A wet
4= 871 WA TAEteE EFT FERbgE @3tk Autoclave®  Fig.
11 M et Zo] I3t dge FA 1Y = e IR g /43

AR
BYARE AN & A9 g YWHOR AGHIL Prepreg® o] §3H71}

g7 AN EFAE BEFO] #A 2 MEHA FERES UFE Autoclave
THS o83t AT o] AFHLE A7)Vt obF AAY E3E] diEl
AFE A FEFel WA wok =% ARl oy Aol AgdETh
Autoclaves ©]83 AFHE thd FF2 Aol 7Hestal FEH7E M2 GE
HEE A Ad¥ol Jbesit =R stUFE A=A FH HdA=

s &t7] Hside *E B oY S5, 7HE, AT B RAAREE
] 5

Cé]_ =
AT HAY FABE AHAAsIoF ITh Fig. 12+ Autoclaved] F4E
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Fig. 12 Images of autoclave
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33 A3 #Ax & HWi

331 28 Ax T4

2 AT Berad § uhd g vhw AP1E At AEEe
DT RS AE A AN SHFS sl AZAI B Aol
Agate vEEe oA ZRsh AE71Y Qe 2E oA
g AA A sdZel s =, AAF] AN Hxa
APHol B oF BRE APW T 138 APHS vind P55y

AsHA Ho & APES B ol € FEo wEolxl Add &9

= E
TAHY, B3 oo W% Belt A% 3@ A P LFo] AFEE
2% wojde] Rauol A4 &% wojw ehiiZel 7194 Utk wepd T
A Alolo A AR AP e AH £E WY FNFS FAOL o

Eadks IAAIE B4R AEs "k vhEES Edo 9% Es
2rAds F&EYoEN FAHY 5 9o [19-21] Fg 132 v 8RR
dego® AFd E-2-y2a @ A9 ZAY Egoltt. o AA e Fa

Table 5 Main specifications of ball-on-disk tribometer

Load Maximum Friction Maximum
Speed
resolution friction force resolution test radius
[rpm]
[mN] [N] [mN] [mm]
30 mN 10 N 5 mN 0.3~500 rpm 30 mm

Table 6 The experimental conditions of friction and wear

Normal load Lin. Speed Stop condit. Time Radius
[N] [em/s] [m] [s] [mm]
10 N 15 cm/s 200 m 2000 s 3 mm
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Fig. 13 Images of ball-on-disk tribometer
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Table 7 Average friction coefficients of various materials

Cu-10% Fe-10% Sn Carbon/PEEK SMA45C Glass15% /Nylon
[1] [1] [1] [1]
0.51 0.25 0.53 0.42
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Fig. 15 Images of specimens
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Fig. 16 Friction coefficient by prepreg/VaRTM process
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SEM HV: 5.0 kV ‘ WD: 14.93 mm SEM HV: 5.0 kV WD: 14.93 mm
SEM MAG: 1.00 kx ‘ Det: SE SEM MAG: 8.00 kx Det: SE

£ L 5 3
SEM HV: 5.0 kV ! WD: 15.16 mm SEM HV: WD: 15.16 mm
SEM MAG: 1.00 kx ‘ Det: SE SEM MAG: 8.00 kx Det: SE ‘ 5um

Fig. 17 SEM micrographs of wear test by prepreg/VaRTM process
(@) VaRTM-1kx (b) VaRTM-8kx
(c) Prepreg Casel-1kx (d) Prepreg Casel-8kx
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Fig. 18 Friction coefficient by fiber orientation
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>

SEM HV: 5.0 kV ‘ WD: 14.49 mm SEM HV: 5.0 kV WD: 14.18 mm
SEM MAG: 1.00 kx ‘ Det: SE SEM MAG: 8.00 kx Det: SE 5pm

SEM HV: 5.0 kV ! WD: 14.78 mm SEM HV: 5.0 kV WD: 14.66 mm
SEM MAG: 1.00 kx ‘ Det: SE SEM MAG: 8.00 kx Det: SE

Fig. 19 SEM micrographs of wear test by fiber orientation
(a) Prepreg Case2-1kx (b) Prepreg Case2-8kx
(c) Prepreg Case3-1kx (d) Prepreg Case3-8kx
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Friction coef.

Friction coef.

0.4 - —— Prepreg3(C)
Prepreg2(C)
Prepregi(C)
0.3 -
0.2 4
0.1 T T ¥ T
4] 1000 2000
Time(s)
—— Prepreg3(C)
s — Prepreg3
7 Prepreg2(C
—— Prepreg2
Prepreg1(C)
—— Prepregl |
0.4 o
03 4
?\ S, s
0.2
I I L] I
o 1000 2000
Time(s)
Fig. 20 Friction coefficient by PTFE coating
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o
SEMHV: 5.0kV | WD: 14.61 mm SEM HV: WD: 14.61 mm
SEM MAG: 1.00kx | Det: SE SEM MAG: 8.00 kx Det: SE

SEMHV:50Kkv |  WD:14.18mm
SEM MAG: 1.00 kx| Det: SE

SEMHV:50kvV | wb:20.88 mm SEM HV: 5.0 kV WD: 29.82 mm
SEMMAG: 1.00kx | Det:sE SEM MAG: 5.00 fox et 5=

(e)

Fig. 21 SEM micrographs of wear test by PTFE coating

(a) Prepreg Coating Casel-1kx (b) Prepreg Coating Casel-8kx
(c) Prepreg Coating Case2-1kx (d) Prepreg Coating Case2-8kx
(e) Prepreg Coating Case3-1kx (f) Prepreg Coating Case3-8kx
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