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1. The extent of aggregation

Table S1. Effect of halloysite content and sample preparation technology on aggregation in PCL/hal-
loysite nanocomposites.

. 2
Technology Halloysite Aggregate area (um?)
(vol%) Average Most frequent

Film casting 442.6 +577.9 58.8
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2. Results of tensile tests

Table S2. Results of tensile test of PCL/halloysite composites prepared by film casting.

Modulus, E (GPa) Yield stress, oy Yield strain, &y Tensile strength, ¢

Halloysite content (MPa) (%) (MPa) Strain, € (%)
Film casting v%) Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev.
0 HAL 0.00 0.34 0.01 11.25 0.70 9.70 2.35 26.67 3.48 530.66  59.41
1 HAL 1.00 0.47 0.06 13.37 0.80 7.95 0.93 25.87 3.17 503.30  38.65
3 HAL 3.00 0.50 0.03 14.09 0.30 9.20 1.17 26.85 2.05 541.19  36.00
5 HAL 5.00 0.57 0.06 13.92 0.49 5.36 0.39 19.46 0.56 38420  13.70
7 HAL 7.00 0.56 0.05 12.64 1.53 5.45 0.78 14.23 3.03 265.78  83.11
10 HAL 10.00 0.59 0.02 11.54 0.79 4.56 1.28 10.78 0.74 13.01 5.83

Table S3. Results of tensile test of PCL/halloysite composites prepared by compression molding.

Halloysite content Modulus, E Yield stress, oy Yield strain, gy (%) Tensile strength, Strain, € (%)

(GPa) (MPa) 6 (MPa)
C"n“l‘(f’lf;;sg“’“ (V%)  Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev. Avg.  Dev.
0 HAL 0.00 039 003 1462 077 1002 0.64 17.80 456 30695  70.53
1 HAL 1.00 044 003 1345 068 802 148 33.68 525 581.85 883l
3 HAL 3.00 051 0.06 13.03 122 650 075 1921 5.7  220.85 204.18
5SHAL 5.00 049  0.04 1268 044 612  1.07 1495 328  246.83 124.82
7HAL 7.00 051 0.03 1135 130 469 156 1198 124 122.86 136.13
10 HAL 10.00 054 004 1135 069 350 036 1167 095 429 0.2

Table S4. Results of tensile test of PCL/halloysite composites prepared by internal mixer.

Yield stress, oy Yield strain, &y Tensile strength,

Halloysite content Modulus, E (GPa) Strain, € (%)

(MPa) (%) ¢ (MPa)
Internal mixer v%) Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev.
0 HAL 0.00 0.51 0.04 16.12 0.54 10.27 .16 42,19 125 679.86  18.04
1 HAL 1.00 0.54 0.05 15.89 0.63 10.06 039 39.19 589 672.66 97.21
3 HAL 3.00 0.64 0.02 16.98 0.12 8.90 038 3542 455  599.66  66.96
S HAL 5.00 0.68 0.02 16.37 0.60 8.54 028 3496 226 61375  23.07
7HAL 7.00 0.76 0.05 17.13 1.40 6.73 142  21.14 374 31857 183.47
10 HAL 10.00 0.79 0.12 16.24 1.27 6.10 1.29  18.68 339  258.53 172.33
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Figure S1. Stress vs. strain curves of the PCL/halloysite composites with different filler content pre-
pared by film casting.
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Figure S2. Stress vs. strain curves of the PCL/halloysite composites with different filler content pre-
pared by compression molding.
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Figure S3. Stress vs. strain curves of the PCL/halloysite composites with different filler content pre-
pared by internal mixer.
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Figure S4. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique
at 0 vol% filler content.
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Figure S5. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique

at 1 vol% filler content.

Stress (MPa)

film

—IM

press

0 100 200 300 400 500 600 700
Strain (%)

Figure S6. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique

at 3 vol% filler content.
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Figure S7. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique

at 5 vol% filler content.
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Figure S8. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique

at 7 vol% filler content.



20
—~ 15
)
[a W)
=S
2]
a5 10
=
vl
5
— film
—_— M
press
0 T T T T T

0 50 100 150 200 250 300 350 400
Strain (%)

Figure S9. Stress vs. strain curves of the PCL/halloysite composites prepared by different technique
at 10 vol% filler content.
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Figure S10. Effect of halloysite content on the Young’s modulus of PCL/halloysite composites. Sym-

bols:(M) film casting, (A ) internal mixer, (®) compression molding.
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Figure S11. Effect of halloysite content on yield stress of PCL/halloysite composites. Symbols:(m)
film casting, (A ) internal mixer, (®) compression molding.
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Figure S12. Effect of halloysite content on yield strain of PCL/halloysite composites. Symbols:(m)
film casting, (A ) internal mixer, (o) compression molding.
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Figure S13. Effect of halloysite content on tensile strength of PCL/halloysite composites. Symbols:(m)
film casting, (A ) internal mixer, (o) compression molding.

800

(=2}
el
(==}

400

Tensile strain (%)

o

=1

(=
I

0 T - T T 1 T
000 002 004 006 008 0.10

Halloysite content (v/v)

Figure S14. Effect of halloysite content on tensile strain of PCL/halloysite composites. Symbols:(m)
film casting, (A ) internal mixer, (o) compression molding.



3. Results of thermogravimetric analysis (TGA)
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Figure S15. The principle of the determination of onset value. PCL/halloysite composite at 1 vol%

halloysite content prepared by compression molding.

Table S5. Results of TGA measurements of PCL/halloysite composites prepared by film casting.

Filler content Onset, weight  Onset, temperature Residual material
Film (V%) (%) (°O) (%)
0 HAL 0.00 99.95+0.23 266.43 +2.10 0.05+0.00
1 HAL 1.00 99.33+0.21 266.48 +3.16 1.56+0.48
3 HAL 3.00 97.47+0.25 271.17 +3.89 0.57+1.23
5 HAL 5.00 98.03 £0.32 270.14 £ 3.41 459 +1.88
7 HAL 7.00 97.70 £ 0.67 275.68 +3.03 5.40+2.56
10 HAL 10.00 97.42 + 0.81 275.15+4.42 11.02+2.04

Table S6. Results of TGA measurements of PCL/halloysite composites prepared by compression

molding.
Filler content Onset, weight ~ Onset, temperature Residual material
Press v%) (%) (°O) (%)
0 HAL 0.00 98.96 + 0.28 280.26 +3.09 0.00+ 0.00
1 HAL 1.00 99.08 +£0.07 274.13 +£3.51 0.99 +0.68
3 HAL 3.00 99.34 +£0.14 270.75 +3.83 2.65+1.71
5 HAL 5.00 99.12 £ 0.61 272.42 +4.06 7.11 £2.66
7HAL 7.00 99.21 £0.93 262.37 +3.13 12.83 +3.54
10 HAL 10.00 98.88 +£0.74 265.08 +3.99 9.96 +2.87

Table S7. Results of TGA measurements of PCL/halloysite composites prepared by internal mixer.

Filler content Onset, weight  Onset, temperature Residual material
IM (V%) (%) (°O) (%)
0 HAL 0.00 96.12 £ 0.67 263.48 +2.31 0.00 + 0.00
1 HAL 1.00 98.66 £0.75 266.25+2.72 0.00 + 1.32
3 HAL 3.00 98.82 £0.93 269.76 + 3.56 262+211
5 HAL 5.00 98.10 £ 0.08 272.74 +£2.43 526+1.73
7 HAL 7.00 98.47£0.45 268.78 +3.67 8.96+1.16
10 HAL 10.00 98.64 + (.83 263.92 +3.34 14.09 +£0.73
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Figure S16. Onset temperature values of PCL/halloysite composites. Symbols:(m) film casting, (A)
internal mixer, () compression molding.
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Figure S17. Onset weight values of PCL/halloysite composites. Symbols:(m) film casting, (A ) inter-
nal mixer, (®) compression molding.
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Figure S18. The residual material mass of PCL/halloysite composites as function of filler content.
Symbols:(m) film casting, (A) internal mixer, (®) compression molding.
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Figure S19. TGA curves of the PCL/halloysite composites with different filler content prepared by

compression molding.
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Figure S20. TGA curves of the PCL/halloysite composites with different filler content prepared by

film casting.
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Figure S21. TGA curves of the PCL/halloysite composites with different filler content prepared by

internal mixer.
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Figure S22. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 0 vol% filler content.
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Figure S23. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 1 vol% filler content.
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Figure S24. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 3 vol% filler content.
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Figure S25. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 5 vol% filler content.
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Figure S26. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 7 vol% filler content.
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Figure S27. Characteristic TGA curves of the PCL/halloysite composites prepared by different tech-
nique at 10 vol% filler content.
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4. Results of differential scanning calorimetry (DSC)

Table S8. Results of DSC measurements of PCL/halloysite composites with variant filler content prepared by different

technology.
Halloysite Cooling Heating (second heating)
Technology/Sampl.
cchnofogy/Sample content (V%)  T.(°C) AH. (J/g) T, (°C) Tw (°C) AHn (J/g)
PCL/0Hal 0 28.19 -70.09 -63.89 54.79 75.72
PCL/1Hal 1 32.17 -69.76 61.34 55.61 74.67
il ; PCL/3Hal 3 29.68 -68.52 -63.45 55.28 73.05
1im casting PCL/5Hal 5 29.36 -69.30 -62.46 54.45 71.13
PCL/7Hal 7 29.03 -70.81 -61.55 53.95 73.23
PCL/10Hal 10 31.47 -73.27 -59.24 56.73 77.22
PCL/0Hal 0 30.71 _55.42 61.07 55.59 64.01
PCL/1Hal 1 31.40 68.12 62.33 56.61 69.70
internal PCL/3Hal 3 29.90 -59.69 61.87 55.27 65.56
mixer PCL/5Hal 5 30.40 -59.94 61.95 55.95 64.82
PCL/7Hal 7 31.68 56.87 61.60 57.55 64.46
PCL/10Hal 10 31.39 63.23 - 54.28 59.96
PCL/0Hal 0 30.40 -61.94 -56.99 54.95 62.47
PCL/1Hal 1 30.23 -63.66 -62.29 54.29 66.17
compression PCL/3Hal 3 30.54 58.12 61.25 54.10 61.98
molding PCL/5Hal 5 31.55 -63.18 -59.72 55.94 65.74
PCL/7Hal 7 29.41 -66.27 -61.41 54.29 67.00
PCL/10Hal 10 31.06 -66.64 -62.61 54.78 71.96
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Figure 528. Effect of halloysite content on crystallization temperature of PCL/halloysite composite.
Symbols:(m) film casting, (A ) internal mixer, (®) compression molding.
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Figure S29. Effect of halloysite content on crystallization enthalpy (AHc) of PCL/halloysite compo-
site. Symbols:(m) film casting, (A) internal mixer, (®) compression molding.
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Figure S30. Effect of halloysite content on transition temperature of PCL/halloysite composite de-
rived from second heating. Symbols:(m) film casting, (A ) internal mixer, (®) compression molding.

18



60

o~
@]
N
£ 581
= A
o
= N
N
=
2 o] .
= a
ETRN | ®
o) u ® A
g 541 ¢ ™
=
L
>
52 T T T T
0.00 0.02 0.04 0.06 0.08 0.10

Halloysite content (v/v)

Figure S31. Effect of halloysite content on melting temperature of PCL/halloysite composite derived
from second heating. Symbols:(m) film casting, (A ) internal mixer, (®) compression molding.
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Figure S32. Effect of halloysite content on melting enthalpy (AHm) of PCL/halloysite composite de-
rived from second heating. Symbols:(m) film casting, (A ) internal mixer, (®) compression molding.
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Figure S33. Crystallization curves of PCL/Halloysite composites with different filler content pre-
pared by compression molding.
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Figure S34. Crystallization curves of PCL/Halloysite composites with different filler content pre-
pared by film casting.
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Figure S35. Crystallization curves of PCL/Halloysite composites with different filler content pre-
pared by internal mixer.
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Figure S36. Second heating run of DSC curves of PCL/Halloysite composites with different filler
content prepared by compression molding.
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Figure S37. Second heating run of DSC curves of PCL/Halloysite composites with different filler
content prepared by film casting.
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Figure S38. Second heating run of DSC curves of PCL/Halloysite composites with different filler
content prepared by internal mixer.
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5. Results of dynamical mechanical analysis (DMA)

Table S9. Results of DMA measurements of PCL/halloysite composites prepared by film casting.

Sample tan o (°C) E" (°O)

PCL OHAL -46.60 -58.10

PCL 1HAL -46.70 -58.40

film casting PCL 3HAL -48.90 -57.90
PCL 5SHAL -47.30 -59.29

PCL 7HAL -49.50 -57.10

PCL 10HAL -42.70 -54.40

10Hal

10Hal
3Hal
3Hal

11Tal

0Hal 111al
QHal

T T T T
-100 -75 -50 25 0 25 50 -100 -75 -50 -25 0 25 50

tan o
E' (Pa)

Temperature (°C) Temperature (°C)
a) b)

Figure S41. Results of DMA measurements of PCL/halloysite composites prepared by film casting. a) tan d, b) loss mod-
ulus.

Table 5§10. Results of DMA measurements of PCL/halloysite composites prepared by compression

molding.
Sample tan o E'" (°C)
PCL OHAL 5070 -60.40
. PCL 1HAL -50.50 -59.70
compression mold- PCL 3HAL -52.05 -59.91
m
& PCL SHAL -49.60 -59.60
PCL 7HAL -49.45 5773
PCL 10HAL -51.44 -59.86
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Figure S42. Results of DMA measurements of PCL/halloysite composites prepared by compression molding. a) tan d, b)
loss modulus.

Table S11. Results of DMA measurements of PCL/halloysite composites prepared by internal mixer.

Sample tan o E" (°O)
PCL_OHAL -50.60 -59.60
PCL_1HAL -51.40 -59.10
internal mixer PCL 3HAL -49.60 -57.60
PCL_SHAL -50.00 -58.20
PCL_7HAL -50.10 -58.10
PCL_10HAL -50.00 -58.70
N
\N/ - LolLal
[Z=]
g 3Hal ?‘:'
- m
1Mal
OHal
-100 75 50 25 0 25 50 -100 75 50 25 0 25 50
Temperature (°C) Temperature (°C)
a) b)

Figure S43. Results of DMA measurements of PCL/halloysite composites prepared by internal mixer. a) tan d, b) loss
modulus.
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Figure S44. Glass transition temperatures (Tg) derived from tan d values of PCL/halloysite compo-
sites. Symbols: (m) film casting, (A) internal mixer, (®) compression molding.
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Figure S45. Glass transition temperatures (Ts) derived from E”” values of PCL/halloysite composites.
Symbols: (m) film casting, (A ) internal mixer, (o) compression molding.
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