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Fig. 1 FTIR spectrum of kaolin.

Fig. 2 SEM images of kaolin.
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Fig. 3 Brunauer-Emmet-Teller (BET) curves of kaolin.
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Fig. 4 (a) SEM image and (b) EDS mapping image of

kaolin/polyurethane composites.
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Fig. 5 FTIR spectra of kaolin/polyurethane composites.

B, 2936 12852 e b AL FIIE Hh 1) R 3E K
M7 H 2 C—H AR GE R sl . 1728 F11699 cm™" % B
RAFFRRAEF(—NHCOO—)H C=0 {445l ,
1533 cm ' 4N C—N—HZ #i#E5), 1079 em!' 4t
N B B £ o0 I () C—O—C X BR A 45 4% 3 4
fIE U120,

R R BRI 1) — C=0 AR ik £ ol
) —O— 1] 5 —NH B sl a5 . i o 2040 il v
(A1 L e 0633 4T Gauss-Lorenz 23 W40l &, A1t
HAI TR BHBD), DUR A EAFE BERY, o
HAX AR N AKX )MEL

HBI= A H-bonded C=0 (2 1 )
A free C=0

s Airpondeac—o /9 2B AL B BE 1) U i A
Afree c=0 9 H HIFREE AIIE TR

MNEIKRE, AR EZ )5, EaFEH
HBI % T3 44, X AT g2 1m0k B3R i

Table 1 Infrared peak splitting results and hydrogen bonding index of kaolin/polyurethane composites.

Content (Wt%) Category Free —C=0 Hydrogen bonded —C=0 HBI

0 Peak (cm™) 1729 1700 2.11
Area (%) 32.12 67.88

0.2 Peak (cm™) 1730 1702 1.54
Area (%) 39.39 60.61

0.5 Peak (cm™) 1730 1702 1.60
Area (%) 38.48 61.52

1.0 Peak (cm™) 1730 1702 1.63
Area (%) 37.96 62.04

2.0 Peak (cm™) 1730 1701 1.64
Area (%) 37.91 62.09

4.0 Peak (cm™) 1730 1702 1.22
Area (%) 45.14 54.86
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Fig. 6 (a) Stress-strain curves of kaolin/polyurethane
composites; (b) Tensile strength, elongation at break and

modulus of elasticity of kaolin/polyurethane composites.
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Fig. 7 DMA curves of kaolin/polyurethane composite.

Table 2 Maximum loss factor and effective damping
temperature domain of kaolin/polyurethane composites.

Content (%) tanémax Ttanzi-max (OC) Ttanzfzo‘?’ (OC)

0 0.50 -34.3 from -40.8 to —22.7
0.2 0.56 -353 from —-43.6 to -21.3
0.5 0.68 -37.6 from -52.1 to —24.2
1.0 0.76 -43.2 from -57.4 to -23.7
2.0 0.73 -44.1 from -59.2 to —-26.5
4.0 0.47 -34.7 from —42.6 to -25.1
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Fig. 9 FTIR spectra of kaolin at different calcination

temperatures.
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Fig. 10 SEM images of (a) uncalcined kaolin and (b) calcined
kaolin.
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Fig. 11 Particle size distribution of kaolin at different calcination temperatures: (a) uncalcined; (b) 400 °C; (c) 600 °C;

(d) 800 °C; (e) 900 °C; (f) 1000 °C.
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Fig. 12 FTIR spectra of kaolin/polyurethane composites at
different calcination temperatures.

WL T BRI EE AR S T iy, e o P AL
B AR, HBMEAR L WELE, SHTALAM

UMEARE B A — 2
224 fEkela AR ERE

AN TR MB35 AR R L
VERE ML 13 Fios . BEE BRI T, REH
AR For AFH 55 B2 S T vt Ja PR B BB IR R R i
600 °CI, WA B2 b Tb, T s AR & )
R TR PTREM R R el - 22 b e AR O
fiw il £, 3T —OH & B FEAK, SRKMERER,
KR R EA B S A AL 4 M —OH
B2 MR e 1, s+ EACR —OH
TG+ B —NCO % 5 KA, T AE ST
EBsatLEai &, R, & TRE
FOERHEIE . RIS, im0 L2 R R, 5k
BRI T A MMBN RSt FEasE
BRI FPERIR TR .

Table 3 Infrared peak splitting results and hydrogen bonding index of kaolin/polyurethane composites with different calcination
temperatures.
Calcination temperature (°C) Category Free —C=0 Hydrogen-bonded —C=0 HBI
Uncalcined Peak (cm™) 1730 1701 1.58
Area (%) 38.80 61.20
400 Peak (cm™) 1730 1701 1.64
Area (%) 37.91 62.09
600 Peak (cm™) 1731 1700 2.16
Area (%) 31.64 68.36
800 Peak (cm™") 1731 1699 2.33
Area (%) 29.99 70.01
900 Peak (cm™) 1731 1700 1.96
Area (%) 33.74 66.26
1000 Peak (cm™) 1731 1700 1.88
Area (%) 34.76 65.79
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Fig. 13 (a) Stress-strain curves of kaolin/polyurethane composites with different calcination temperatures; (b) Tensile strength,

elongation at break and modulus of elasticity of kaolin/polyurethane composites with different calcination temperatures.
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Fig. 14 DMA curves of kaolin/polyurethane composites
with different calcination temperatures.
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Table 4 Maximum loss factor and effective damping temperature range of kaolin/polyurethane composites with different

calcination temperatures.

Calcination temperature (°C) tand, Tans-max (°C) Tans=0.3 (°C)
Uncalcined 0.67 -41.3 from -54.0 to -27.9
400 0.73 -44.1 from -59.2 to -26.5
600 0.84 -44.0 from -56.5 to —24.7
800 0.76 -39.5 from -51.7 to —24.7
900 0.69 -39.5 from -51.3 to -25.4
1000 0.72 -40.7 from -51.7 to -25.9
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Fig. 15 Low-frequency sound insulation curves (a) and high-frequency sound insulation curves (b) of kaolin/polyurethane

composites with different calcination temperatures.
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Research Article

Preparation of Kaolin-modified Polyurethane Elastomer Composites and
Synergistic Enhancement of Mechanical, Damping, and Sound
Insulation Properties

Xin-bei Zhang, Chun-hong Liu, Jia-lu Shang, Xiao-dong Li, Hao Jiang", Mei-shuai Zou"
(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100080)

Abstract Using the semi-prepolymerization method as the core process, a series of kaolin/polyurethane
elastomer composites were prepared. The effects of kaolin content and calcination temperature on the mechanical
properties, damping, and sound insulation were systematically investigated. The results indicate that uncalcined
kaolin exhibited optimal dispersion at a loading of 0.5 wt% , enhancing the mechanical performance of the
composite relative to that of the neat matrix. When the filler content increased to 1 wt%, the damping properties
improved markedly. The synergistic effect of the acoustic impedance mismatch and enhanced damping led to an
overall improvement in sound insulation across the 50-6400 Hz frequency range, with samples with higher filler
content exhibiting more pronounced performance. Calcination above 600 °C converted kaolin into metakaolin
and improved its compatibility with the polyurethane matrix. When treated at 800 °C, the resulting metakaolin
composite attained a hydrogen-bonding index of 2.33, maintained a tensile strength of 11.9 MPa, and reached a
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tand value of 0.84, delivering the best overall synergy in mechanical and damping properties. A comprehensive
analysis indicated that the synergistic control of kaolin content and calcination temperature significantly enhanced
the strength, toughness, damping, and sound insulation properties of polyurethane elastomers. This provides new
insights and technical pathways for designing and preparing lightweight, high-damping, and high-sound-

insulation structural vibration-damping materials.
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