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and Content of Basalt Composites

Woo-Seung Noh***, So-Youn Mun**, Seong-Hun Park™’, Man-Tae Kim™**"

ABSTRACT: Basalt fiber reinforced epoxy composites with fly ash were manufactured and their properties were
evaluated. Epoxy resin with fly ash as an additive was impregnated into basalt fibers by hand layup and then
manufactured through an autoclave. Although the tensile strength slightly decreased with increasing fly ash content,
the flame retardancy test results using a cone calorimeter showed a significant increase in flame retardancy, as
indicated by decreased total heat release (THR) and heat release rate (HRR). Basalt fiber reinforced epoxy composites
containing 30 wt% or more fly ash exhibited properties suitable for flame-retardant applications.
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Table 1. Heat release rate (HRR) as a function of matrix and fiber
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Type A (3:7) 91.4
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(a) ‘ \
E Stirring temperature : 50°C
= Resin Stirring speed : 300RPM

Fig. 1. Schematic of the maufacuring process of the (a) Fly ash
mixed into epoxy resin and (b) Fly ash/Basalt fiber rein-
forced plastic composite

Cone calorimeter specimen Cone calorimeter test

Fig. 2. Cone calorimeter evaluation to review flame retardant
properties
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Fig. 3. Schematic diagram of tensile test according to ASTM
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Fig. 4. Combustive properties FA composite according to pro-
portion and diseprsion method (a) HRR, (b) THR and (c)
SPR results from cone calorimeter
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(a) SEM image of fly ash
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(b) EDS spectrum of fly ash

Fig. 5. Analysis of flame retardancy improvement using SEM
and EDS
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Fig. 6. SEM images of the surface after cone calorimeter test:
(a) BFRP_Owt%, (b) BFRP_10wt%, (c) BFRP_20wt%, (d)
BFRP_30wt%
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Fig. 7. BFRP tensile strength as a function of FA content
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(c) BEFRP_20wt%

(d) BFRP_30w1%

Fig. 8. SEM images of fracture surface of (a) BFRP_Owt%, (b)
BFRP_10wt%, (c) BFRP_20wt%, (d) BFRP_30wt%

2 B3 2Ajskgon vars
PElA) 23 |4}

re
re
-
<2
X
rlr
I
2
ok
ok
ol
filo
it
A
_?L
2
2
W Ly
>,

o
e
%
2
i

o, rB‘.'.
o
o
2

ol
)
2
N,
i
)
A

X

N
N
Ol
ol
8
ok L
I
2t
L2
=)
2= 03'41
o,
olN
N
N
oo
=2

n2
N

i obe
W
o
L
X

e to £ &
o oo o
(% e

T oL

lo

r (

1

o2

I

.S

=

Ir

L

2

o

N

~

M J

i re

offt Hu ok

pacd

o

. H

o

rir

=

o

ok

o

_|>i

N
of I r

o9 ol

=2

N
N
N
P
oo ¥

V)

of o KU Moo rx o
ofu
4
re Y
re
-
il

S

2
I oL

z 2
> O
R
i fo
Y

> ofo i
ol
el]
rr

_I>l-|fl e Qe d
I
A,
2,
o
2
ot
S)is
2
o 1l
112

T

of
2
2

O;

Olr—?li.‘i—ﬁmlO:)éOi N Zoafe dlo
[
o 2

o
=
1 7)1 A A EA A 7SS

fon
N

ATFAHAR )"} “A -
A E U A flet ek Z
NEEAL (A ¥ & RS-2024-00507783)” 0] A]

rh
-
il
lo
4t
224
=)
Lo
=
=N
e
1

Yo 1o
Ty T
(o
2
)
z
2\

[ Mo ofd
e Hu ox
ML
32

o

o
—_

REFERENCES

1. Hao, W,, Yuan, Y., Zhu, J., and Chen, L., “Effect of Impact Dam-
age on the Curved Beam Interlaminar Strength of Carbon/

10.

11.

12.

13.

14.

epoxy Laminates,” Journal of Adhesion Science and Technology,
Vol. 30, No. 11, 2016, pp. 1189-1200.

. Liu, P, Zhao, Q,, Li, E, Liu, J., and Chen, H., “Research on the

Mechanical Properties of a Glass Fiber Reinforced Polymersteel
Combined Truss Structure;” Scientific World Journal, Vol. 2014,
2014, pp. 1-13.

. Gupta, M.K,, and Srivastava, RK., “Mechanical Properties of

Hybrid Fibers-Reinforced Polymer Composite: A Review;
Polymer-Plastics Technology and Engineering, Vol. 55, No. 6,
2016, pp. 626-642.

. Gu, J,, Liang, C., Zhao, X,, Gan, B, Qiu, H,, Guo, Y, Yang, X,,

Zhang, Q., and Wand, D.Y,, “Highly Thermally Conductive
Flame-retardant Epoxy Nanocomposites with Reduced Ignit-
ability and Excellent Electrical Conductivities,” Composites Sci-
ence and Technology, Vol. 139, 2017, pp. 83-89.

. Kalali, EN., Wang, X., and Wang, D.Y., “Functionalized Lay-

ered Double Hydroxide-based Epoxy Nanocomposites with
Improved Flame Retardancy and Mechanical Properties;” Jour-
nal of Materials Chemistry A, Vol. 3, No. 13, 2015, pp. 6819-
6826.

. Zhi, M., Yang, X,, Fan, R, Yue, S., Zheng, L., Liu, Q, and He,

Y., “A Comprehensive Review of Reactive Flame-retardant
Epoxy Resin: Fundamentals, Recent Developments, and Per-
spectives,” Polymer Degradation and Stability, Vol. 201, 2022,
109976.

. Sim, M.J,, and Cha, S.H., “Synthesis and Characterization of

Reactive-phosphorus/nitrogen Flame Retardant for Epoxy
Resin,” Polym. Korea, Vol. 43, No. 2, 2019, pp. 204-210.

. Kim, CH.,, Ha, D.Y,, Lee, YH., Lee, D.J.,, and Kim, H.D,,

“Preparation and Properties of Flame Retardant Epoxy Resins
Containing Phosphorous/silicone Components,” Clean Tech-
nology, Vol. 23, No. 4, 2017, pp. 378-387.

. Wang, X, Hu, Y, Song, L., Xing, W, Lu, H., Lv, P, and Jie, G,,

“Flame Retardancy and Thermal Degradation Mechanism of
Epoxy Resin Composites Based on a DOPO Substituted
Organophosphorus Oligomer,” Polymer, Vol. 51, No. 11, 2010,
Pp. 2435-2445.

Yurddaskal, M., and Celik, E., “Effect of Halogen-free Nanopar-
ticles on the Mechanical, Structural, Thermal and Flame Retar-
dant Properties of Polymer Matrix Composite,” Composite
Structures, Vol. 183, No. 1, 2017, pp. 381-388.

Pal, G., and Kumar, S., “Multiscale Modeling of Effective Elec-
trical Conductivity of Short Carbon Fiber-carbon Nano-
tube?polymer Matrix Hybrid Composites,” Materials and
Design, Vol. 89, 2016, pp. 129-136.

Yang, H., Gong, J., Wen, X., Xue, J., Chen, Q,, Jiang, Z., Tian, N.,
and Tang, T., “Effect of Carbon Black on Improving Thermal
Stability, Flame Retardancy and Electrical Conductivity of
Polypropylene/carbon Fiber Composites,” Composites Science
and Technology, Vol. 113, 2015, pp. 31-37.

Sim, J., Park, C., and Moon, D.Y.,, “Characteristics of Basalt
Fiber as a Strengthening Material for Concrete Structures,”
Composites Part B: Engineering, Vol. 36, No. 6-7, 2005, pp. 504-
512.

Lee, J.J., Nam, I, and Kim, H., “Thermal Stability and Physical



Study on Flame Retardant Properties according to Fly Ash Dispersion and Content of Basalt Composites

371

15.

16.

17.

Properties of Epoxy Composite Reinforced with Silane Treated
Basalt Fiber;” Fibers and Polymers, Vol. 18, No. 1, 2017, pp. 140-
147.

Liu, Q., Shaw, M.T,, Parnas, R.S., and McDonnell, A.M., “Inves-
tigation of Basalt Fiber Composite Aging Behavior for Appli-
cations in Transportation,” Polymer Composites, Vol. 27, No. 5,
2006, pp. 475-483.

Zhang, Y, Yu, C., Chu, PK,, Lv, E, Zhang, C,, Ji, ., Zhang, R,,
and Wang, H., “Mechanical and Thermal Properties of Basalt
Fiber Reinforced Poly(butylene succinate) Composites,” Materi-
als Chemistry and Physics, Vol. 133, No. 2-3, 2012, pp. 845-849.
Chung, Y., “Combustive Properties of Low Density Polyeth-
ylene and Ethylene Vinyl Acetate Composites Including Mag-
nesium Hydroxide,” Fire Science and Engineering, Vol. 25, No. 5,

18.

19.

20.

2011, pp. 69-75.

Park, S.Y.,, Kim, D.H., and Im, H.S., “The Experimental Study
for the Combustion-Property of Sandwich Panels Using ISO
5660 Cone Calorimeter;” Fire Science and Engineering, Vol. 20,
No. 4, 2006, pp. 33-41.

Kye, H.S., and Shin, K.C., “A Study on the Manufacturing,
Mechanical Properties, Abrasion Resistance, and Slow Crack
Growth Resistance of the Recycled Polyethylene/Fly Ash Com-
posites,” Elastomers and Composites, Vol. 46, No. 4, 2011, pp.
335-342.

Lee, D.W,, Park, S.B., and Song, J.I., “Study on Mechanical
Properties and Flame Retardancy of Polypropylene Based Self
reinforced Composites,” Composites Research, Vol. 30, No. 3,
2017, pp. 223-228.



	비산회를 첨가한 현무암 복합재의 난연성능 및 기계적물성에 관한 연구
	1. 서 론
	2. 실 험
	2.1 재 료
	2.2 에폭시 수지 비율 최적화
	2.3 난연 복합재 제조
	2.4 물성평가

	3. 결과 및 고찰
	4. 결 론
	후 기
	References


