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A Study on the Evaluation of Sound Absorption Characteristics and
Simulation Verification of Slag Fiber Composite Nonwoven Fabrics
Utilizing Industrial By-product Slag

Hwan-Kuk Kim*', Jong-vin Park*, Se-jong Kim*

ABSTRACT: In this study, composite nonwoven fabrics were fabricated using slag fiber (40%), polyethylene
terephthalate (PET) fiber (30%), and low-melting fiber (LMF) (30%) to evaluate their potential as eco-friendly sound-
absorbing materials. The sound absorption characteristics of the developed slag fiber composite nonwoven fabrics were
measured using an impedance tube method, and the acoustic properties (open porosity, flow resistivity, tortuosity, and
characteristic lengths) were quantified using a Phi-X system. These parameters were then applied to FOAM-X to
predict the sound absorption behavior according to material thickness. The experimental results and simulation values
exhibited strong agreement, with an average deviation of +0.0197, validating the reliability of the proposed
measurement-simulation approach. The slag fiber composite nonwoven fabrics demonstrated improved absorption
characteristics with increasing thickness (peak a: 0.32—0.51—0.68). When compared with conventional PET/PLMF
nonwovens of identical thickness, the slag fiber composites showed comparable or superior sound absorption in the
500-1600 Hz band. These results indicate the potential applicability of slag fiber composite nonwoven fabrics as
sustainable sound-absorbing materials utilizing industrial by-products.
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Table 1. Chemical composition of slag fiber

Composition ratio Sio, CaO TiO,

Fe,0,+FeO ALO, MgO

Na,0+K,0

% 45~53 5~13 0.2~1

10~15 10~20 5~10 0.4~1.8

ok
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o S ARl FF ARG 17-28 mmo]

24+ A= 7~9 Denier, H| %2 2.98 g/cm’o|t}.
ER o5 £ T2 3F5Hd 2> Table 29 e}
W A} Z;o] Si0,(45-53%), ALO,(10-20%), Fe,0,+FeO
(10-15%), CaO(5-13%) 0.8 LA o} 2] QJT}(Table 1).
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Fig. 4. Schematic of the sound absorption design process com-
bining impedance-tube measurement, Phi-X acoustic
property extraction, and FOAM-X simulation
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Fig. 5. Acoustic impedance tube setup (Scien 9301) for low- and
high-frequency absorption measurements based on KS F
2814-2

Table 3. Acoustic duct test equipment Spec.

il

A BER A Eo) gig iy WS dasige
, BO A= KS F 2814-2 2 ASTM E1050 7|Z0] w}a} 2=
steict.

o2 @ &
el

Table 4. Layer composition conditions

Number of tests
(For low and high
frequencies)

Layer

#1, #2, #3 (3mm)

1 Layer 3 times test
¥ Monolayer
#1+#2, #2443
2 Layer 2 times test
Y Lamination(6mm)
#1+#2+#3
3 Layer 1 times test
Y Lamination(9mm)
1L_1_cv100
1
0.9 ——— F\H

Absorption Coefficient
(=N — 3 —]
o~

i

Contents
Equipment |Acoustic impedance tube (acoustic duct tube)
Manufacturi
ANUIACHITING 16 cien/Model : 9301
company
Measurement of sound absorption coefficient
Usage and transmission loss of materials using imped-
ance tubes
Related standards : KS F 2814-2
Measuring range : (125-1600)Hz, (500-6300)Hz
Spec Sound-absorbing specimen : Diameter 100mm,
pec. Diameter 29mm
Sound insulation specimen : Diameter 108mm,
Diameter 36mm
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Fig. 7. Measured sound absorption coefficient of 3 mm slag

Fig. 6. Preparation of circular test specimens (@100 mm and
©29 mm) for low- and high-frequency impedance tube
testing

composite nonwoven (1-layer) under cavity condition
using impedance tube
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measured via impedance tube
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Fig. 11. Phi-X and SIGMA-X system used to measure porosity,
flow resistivity, and other acoustic parameters

Table 5. Acoustic duct test equipment Spec.
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Fig. 12. Test parameters and test result calculation processor

using Phi-X

Table 7. Phi-X test - Acoustic properties measurement results

Specimen Open porosity | bulk density(kg/m?)

162.22

Slag Nonwoven 0.913

Contents
Equipment |Acoustic property Measurement System
manufacturin
& | Mecanum/Model :PHI-X, SIGMA
company
Measure acoustic properties such as density,
Usage porosity, and flow resistance of various sound

absorbing and insulating materials

- Porosity and Density Meter : PHI-X
(Specimen size : Recommended diameter 100mm,
Spec. Maximum thickness : 120mm)

- Air Flow Resistance Meter : SIGMA-X
(Specimen size: 44.5mm, 100mm)

Table 6. Layer composition conditions

Laver Number of tests
Y (For low frequencies)
#1,#2,#3 (3 .
1 Layer (3mm) 3 times test
Monolayer
)L #1+#2, #2+#3 24 test
ayer imes tes
Y Lamination(6mm)
3L #1+#2+#3 Lti test
ayer imes tes
Y Lamination(9mm)

A 8 4= JeF Am o] F3FeH4] mdof it 5
A 78 1517] 918} Phi-X A3 (Fig. 11, Table 518 E3) d
o|EjHo]| AR F-58FGL AL -5 A FH(Flow resistivity), 3=
5 (Open porosity), === (Tortuosity), B3 U X (Bulk
density) 5-& =43}t

O E T R R A E X!
7 E(L 2, 3 layer) & 6919] AT AE ABS B4

E 3} th(Table 6).

Phi-X5 o] &3t Al QIA} 5L Al9l A3t AAE Z 2 A A
Fig. 129} gro] =ef3}gl o v, Ay} 0 2 919 Table 73} &
o] &1 B3] 53F /%% F=-E(Open Porosity)
= 0913, ¥ Y% (Bulk density)= 162.22 kg/m’2] Z+-& 3

=it}

223 FOAMXS 0|83 §& 458 714 Sojaugs
A2 NS Slak 8 HA5} A

& ASe M S92 A E A J
A3t AAE 91l DBIHE f-5 A3 A, 355 FEHE
43 95 Y % 24 @ & o835t
So A58 dlo]E], Linear data 52 AME-SH] 55 445 9
5 AlEdold /Wl FOAM-XE &-8-5to] Sefj L(slag)
iz 240 F5 A HFH R Friskh

41 FOAM-X9| Input gt& Foi3}7] fl5to] T+
(Acoustic duct)o &2 HP= AJ& Z3}9] linear Graph datas
2-g-skQitt. 12]al Phi-Xo] A3 A1E F3 &2 Open
Porosity:= 0.913, Bulk density= 162.22 kg/m® Z} =3I 2§
ahgict.

o]k Input gt 2 53 A%

Hl

Iy

AlEdlolad

filo

T

Table 8. Absorption coefficient by frequency of composite non-
woven fabric

Layer Ma).(imum S(‘)u‘nd Frequency band
absorption coefficient(ct) (Hz)
1-Layer(3mm) 0.32 800 ~ 1,000
1-Layer(3mm) 0.51 1,000 ~ 1,200
1-Layer(3mm) 0.68 1,200 ~ 1,500
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Table 9. Simulation results with FOAM-X

Characteristic Development material results
Open porosity 0.913
Bulk density (kg/m?) 162.22
Resistivity (Ns/m*) 88,978
Tortuosity 1.0
Viscous Length (um) 61.5
Thermal Length (ym) 123
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Fig. 13. FOAM-X simulation results showing predicted absorp-
tion coefficients for 3, 6, and 9 mm slag composite non-
woven fabrics
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Fig. 14. Comparison of FOAM-X simulation and impedance-
tube measurements confirming high correlation
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o1 3l5ro 244 -5 A T (flow resistivity)o] Z718}0] &
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