Effect of selected additives on mechanical properties of Poly(L-lactide)
and Poly(L-lactide-co-c-caprolactone)
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Abstract

Three-dimensional (3D) printing, especially Fused Deposition Modeling (FDM), has made significant advancements in the fields of tissue engineering and medical use. Poly(L-lactide) (PLA)
and Poly(L-lactide-co-g-caprolactone (PLC) are commonly used materials for filament manufacturing in medical applications. However, both PLA and PLC have limitations in their mechanical
properties for producing the FDM filament: PLA is rigid but brittle, while PLC lacks sufficient strength. In this work, the effects of various additives on the mechanical properties of PLA and
PLC were studied to enhance their appropriateness. The addition of different additives, including poly(ethylene glycol) (PEG), glycerol, zinc phenylphosphonate (TMC-200), dimethyl 5-
sulfoisophthalic acid potassium salt (TMC-301), zirconium oxide (Zr0O,), and Tween 80, at amount 0.5% w/w were blended via the internal mixer. The mechanical properties of polymers
blended with different additives were evaluated using tensile testing, thermal properties analysis, and dilute solution viscosity analysis. The results showed the mechanical properties of
PLA/Tween 80 were improved compared to other samples. The tensile strength and Young’s modulus of PLA/Tween 80 were 18.704 * 1.265 MPa and 845.475 + 96.817 MPa, respectively,
resulting in stronger materials with better tensile resistance. This was consistent with the DSC analysis, which showed a decrease in glass transition temperature (Tg). In the case of PLC/ZrO,,
the tensile strength and Young’s modulus were 17.647 + 1.575 MPa and 417.205 * 67.086 MPa, respectively, making the material stronger and more ductile when compared with the other
sample, which was further confirmed by an increase in Tg from DSC results. This study demonstrated the addition of different additives into PLA and PLC are the potential for improving the
mechanical performance of the of the polymers.
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* To enhance the properties of PLA and PLC to achieve the optimal mechanical characteristics
for filament preparation in fused deposition modeling (FDM) 3D printing.

124 1.1074+0.034 31.26 140.83 14.508+0.579 153.711+25.456 454.780%27.977

PLC/TMC-301 78:22 1.0586+0.006 34.16 141.67 15.207£0.997 211.497£51.104 520.558+61.119

3 calculated by "H-NMR ,P calculated by viscometer, ¢ calculated by DSC and 9 calculated by Tensile strength tester

Thermal properties Characterization : NMR
) M - a
M et h O d O logy I B - "‘J"""\._ — | b, PLA/TMC-301 il O C:'i3 (”) CH3

i I
-C—C—-0-C—-C—-0-
PLA/TMC-200 | I
H H

b

SynthESiS PLA and PLC $ . ; : PLA/Zr - Fig 5. Structure of PLA

PLA/Tw80

NMR spectra confirmed of PLA structure.

D)Dl\rcm Tin(11) n-butoxide 0.0150 mol% Chara cterizations Of the - Temf.:rature (-c;éo . n AW -2 The characteristic peak shifts at 5.0-5.3
it.-.ii :
H,C

)\“,D pure pOIymerS Fig 1. DSC thermograms of PLA, PLA/PEG, PLA/Glycerol , PLA/Tween80, | PLA/PEG ppm (CH, LL; peak b) and 1.5-1.7 ppm

140 oC’ 120 oC PLA/ZrO,, PLA/TMC-200 and PLA/TMC-301 (CH3 ,LL : peak a)

o
iscosity
0
O
CH (0] . .

0 - Tin(Il) n-butoxide 0.0150 mol% a

oL : - psc M NMR r. B Be o
HyC : b | PLC/TMC-301 ¢ a+d+fj‘ © ¢ ¢

L

° ° PLC/Glycerol | T I |_|_&
0 140 °C, 120 °C . _ — - - —C—O0—¢—C-0—CHy CHy-CHyCh Chy C—
LL

CL 96 hours - py_PLC/TMC-200 ¢ a+d+,f)t E E
|

0
L

Fig 3. NMR spectra of PLA, PLA/PEG, PLA/Glycerol , PLA/Tween80 , PLA/ZrO, , PLA/TMC-200 and PLA/TMC-301
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Fig 4. NMR spectra of PLC, PLC/PEG, PLC/Glycerol ,PLC/Tween80 , PLC/ZrO,, PLC/TMC-200 and PLC/TMC-301
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Fig 7. Physical appearances of PLA, PLA/PEG, PLA/Glycerol , PLA/Tween80 , PLA/ZrO,, PLA/TMC-200 and PLA/TMC-301

* Poly(ethylene glycol) 6000 (PEG) * Zirconium oxide (ZrO,)
* Glycerol » Zinc phenylphosphonate (TMC-200)
* Tween 80 » Dimethyl 5-sulfoisophthalic acid potassium salt (TMC-301)
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PLA and PLC blended with various additives at a concentration of 0.5% w/w. In PLA, the optimal
additive was Tween 80, which enhances mechanical and thermal properties. From tensile testing and
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Fig 8. Physical appearances of PLC, PLC/PEG, PLC/Glycerol ,PLC/Tween80 , PLC/ZrO,, PLC/TMC-200 and PLC/TMC-301

* Mechanical Properties
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Tg of PLA/Tween 80 was decreased from 57.14 to 55.74 C. Additionally, stress-strain curves showed 18 — oz,

——— PLA/TMC-200
PLA/TMC-301 a _ PLC/TMC-301

PLA/Tween 80 was optimal for the mechanical properties when compared with other samples. In the '_ —
PLC case, the optimal additive was ZrO,, which improved mechanical and thermal properties. From _
tensile testing, respectively, tensile strength, % strain at break, and Young’s modulus were increased
and DSC showed Tg of PLA/ZrO, was increasing from 31.60 to 38.86°C. Therefore, the stress-strain

curves showed PLA/ZrO, was optimal for the mechanical properties when compared with other
samples.

Stress(MPa)

O I T T T T T T l‘ T
0 100 200 300 400

Percentage Strain (%) Percentage Strain (%)

A k l d t Fig 9. Stress-percentage strain curves of PLA, PLA/PEG, PLA/Glycerol, PLA/Tween80 , PLA/ZrO,, Fig 10. Stress-percentage strain curves of PLC, PLC/PEG, PLC/Glycerol , PLC/Tween80 , PLC/ZrO,,
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