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ɸʆ çɸɺʕʂʉè - ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʟʘʥʠʤʘʶʱʝʝʩʷ ʧʦʣʥʳʤ ʮʠʢʣʦʤ 

ʨʘʙʦʪ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ:

Å ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ;

Å ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ;

Å ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʭ ʣʠʪʠʡ-ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ.

ʉ 2021 ʛʦʜʘ, ʧʨʝʜʧʨʠʷʪʠʝ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʣʠʪʠʝʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʥʘ 

ʠʭ ʦʩʥʦʚʝ. 
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2021 ʛ. ï ʥʘʯʘʣʦ ʨʘʙʦʪ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʃʀɸ

ʄʘʡ 2022 ʛ. ï ʦʪʢʨʳʪʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʦʪʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʃʀɸ

ʉʝʥʪʷʙʨʴ 2022 ʛ. ï ʟʘʧʫʩʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʃʀɸ (5 ʄɺʪĿʯ/ʛʦʜ)

ɸʚʛʫʩʪ 2023 ʛ. ï ʦʪʢʨʳʪʠʝ ʢʦʤʧʣʝʢʩʘ ʣʘʙʦʨʘʪʦʨʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʃʀɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʠʣʦʪʥʦʡ ʣʠʥʠʠ

ɸʚʛʫʩʪ 2023 ʛ. ï ʦʪʢʨʳʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʍʀʊ (1,7 

ʄɺʪĿʯ/ʛʦʜ)

ɸʧʨʝʣʴ 2025 ʛ. ï ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʩʝʧʘʨʘʪʦʨʘ

ʀʶʣʴ 2025 ʛ. ï ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ

ʄʘʨʪ 2026 ʛ. ï ʟʘʧʫʩʢ ʣʠʥʠʠ ʧʦ  ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʧʘʨʘʪʦʨʘ
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DOI: 10.1039/C4TA00534ADOI: 10.1021/cm901452z 

ɸʥʦʜ ʂʘʪʦʜʉʝʧʘʨʘʪʦʨ
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DOI: 10.1016/j.electacta.2010.08.018

ʊʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ:

ʈʝʘʢʮʠʷ ʥʘ ʢʘʪʦʜʝ: LiFePO4 - xLi+ - xǛ  Li 1-xFePO4

ʈʝʘʢʮʠʷ ʥʘ ʘʥʦʜʝ: 6C+xLi++xǛŸ LixC6

ʊʦʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʢʮʠʠ:

ʈʝʘʢʮʠʷ ʥʘ ʢʘʪʦʜʝ: Li 1-xFePO4 + xLi+ + xǛ LiFePO4

ʈʝʘʢʮʠʷ ʥʘ ʘʥʦʜʝ: Li xC6 - xLi+ - xǛŸʉ6
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DOI: 10.1149/1945-7111/ab7fb6 www.safebatt.ac.uk DOI: 10.1016/j.cej.2022.135550

ɹʝʟʦʧʘʩʥʦʩʪʴ ʃʀɸ



ʉʦʢʨʘʱʝʥʥʦʝ ʥʘʟʚʘʥʠʝLCO NCA NMC LFP 

ʌʦʨʤʫʣʘ LiCoO2 Li m(NixMnyAl z)O2 Li xNiyMnzCo1-y-zO2 LiFePO4

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʪʝʧʣʦʚʦʛʦ ʨʘʟʛʦʥʘ150Áʉ 150Áʉ 210Áʉ 270Áʉ

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ3,7 3,6 3,6/3,7 3,2/3,3

ʆʙʲʝʤʥʘʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ɺʪĿʯ/ʣ 320-500 480-670 490-600 260-310

ɺʝʩʦʚʘʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ɺʪĿʯ/ʢʛ 110-180 180-250 180-210 110-180

ʊʦʢ ʨʘʟʨʷʜʘ, ʉ 1-6 1-15 1-15 10-50

ʎʠʢʣʠʯʝʩʢʠʡ ʨʝʩʫʨʩ 300-1000 500-3000 300-1000 1000-5000

www.powertechsystems.eu

www.flashbattery.tech

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ
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ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ

http://www.gellec.com/

https://www.zimt.com.cn/

https://doi.org/10.1016/j.jpowsour.2021.230372

ɛm 

ɛm 

https://doi.org/10.1016/j.jpowsour.2021.230372
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ʊʠʧ ʩʝʧʘʨʘʪʦʨʘ ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʂrʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ

ʇʦʣʠʦʣʝʬʠʥʦʚʳʝ 

ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʤʝʤʙʨʘʥʳ

ʇʦʣʠʵʪʠʣʝʥ (PE), ʧʦʣʠʧʨʦʧʠʣʝʥ 

(PP), ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

(PP/PE/PP)

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʦʪʣʠʯʥʘʷ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʭʦʨʦʰʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʘʣʠʯʠʝ 

"ʬʫʥʢʮʠʠ ʦʪʢʣʶʯʝʥʠʷ" (shut-down) 

ʧʨʠ ʧʝʨʝʛʨʝʚʝ

ʅʠʟʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

(ʩʢʣʦʥʥʦʩʪʴ ʢ ʫʩʘʜʢʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ), ʥʠʟʢʘʷ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʣʷʨʥʳʤʠ 

ʵʣʝʢʪʨʦʣʠʪʘʤʠ

ɺʠʜʳ ʩʝʧʘʨʘʪʦʨʦʚ

https://www.tycorun.com/

https://www.natrion.co/
https://www.zimt.com.cn/

https://www.tycorun.com/
https://www.natrion.co/
https://www.zimt.com.cn/
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ʊʠʧ ʩʝʧʘʨʘʪʦʨʘ ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʂrʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ

ʅʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ

(Non-woven)

ʇʦʣʠʘʤʠʜ (PA), 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (PTFE), 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ (ʇɺɼʌ), 

ʧʦʣʠʵʩʪʝʨ, ʮʝʣʣʶʣʦʟʘ.

ɺʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʣʠʪʘ.

ʉʣʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʘ ʧʦʨ ʠ 

ʠʭ ʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ.

ɺʠʜʳ ʩʝʧʘʨʘʪʦʨʦʚ

www.koikesangyo.co.jp

www.nonwovens-industry.com

www.mpm.co.jp
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ʊʠʧ ʩʝʧʘʨʘʪʦʨʘ ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʂʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ

ʂʦʤʧʦʟʠʪʥʳʝ ʩʝʧʘʨʘʪʦʨʳ(ʢʝʨʘʤʠʯʝʩʢʠʝ)

ʂʦʤʙʠʥʘʮʠʷ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʦʩʥʦʚʳ ʠ 

ʧʦʢʨʳʪʠʷ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

(ʢʝʨʘʤʠʢʠ: AlOOH, Al O, TiO ) ʠʣʠ ʜʨʫʛʠʭ 

ʧʦʣʠʤʝʨʦʚ

ʉʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʩ 

ʛʠʙʢʦʩʪʴʶ ʠ ʬʫʥʢʮʠʝʡ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʣʠʦʣʝʬʠʥʦʚ

ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʩʪʳʤʠ ʧʦʣʠʦʣʝʬʠʥʦʚʳʤʠ ʤʝʤʙʨʘʥʘʤʠ

ɺʠʜʳ ʩʝʧʘʨʘʪʦʨʦʚ

https://entek.com/
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ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʧʘʨʘʪʦʨʦʚ

ʇʦʣʠʦʣʝʬʠʥʦʚʳʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʤʝʤʙʨʘʥʳ

ʉʫʭʦʡ ʧʨʦʮʝʩʩ (ʵʢʩʪʨʫʟʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʪʷʞʢʦʡ):ʇʦʣʠʤʝʨ ʨʘʩʧʣʘʚʣʷʶʪ ʠ ʵʢʩʪʨʫʜʠʨʫʶʪ ʚ ʧʣʝʥʢʫ. ɿʘʪʝʤ 

ʧʣʝʥʢʫ ʦʪʞʠʛʘʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʜʚʝʨʛʘʶʪ ʦʜʥʦʦʩʥʦʡ ʚʳʪʷʞʢʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʘʰʠʥʘʭ. ɺʳʪʷʞʢʘ ʩʦʟʜʘʝʪ ʤʠʢʨʦʧʦʨʳ ʚ ʤʝʩʪʘʭ ʨʘʟʨʳʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʤʝʪʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ 

ʠ ʥʝ ʪʨʝʙʫʝʪ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.

ɺʣʘʞʥʳʡ ʧʨʦʮʝʩʩ (ʵʢʩʪʨʫʟʠʷ ʩ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ):ʇʦʣʠʤʝʨ ʩʤʝʰʠʚʘʶʪ ʩ ʞʠʜʢʠʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ (ʥʘʧʨʠʤʝʨ, 

ʧʘʨʘʬʠʥʦʚʳʤ ʤʘʩʣʦʤ), ʥʘʛʨʝʚʘʶʪ ʠ ʵʢʩʪʨʫʜʠʨʫʶʪ. ɿʘʪʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʵʢʩʪʨʘʛʠʨʫʶʪ (ʠʟʚʣʝʢʘʶʪ) ʩ ʧʦʤʦʱʴʶ 

ʣʝʪʫʯʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʩʪʘʚʣʷʷ ʧʦʩʣʝ ʩʝʙʷ ʧʦʨʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʣʝʥʢʫ ʩʫʰʘʪ ʠ ʠʥʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪ 

ʜʚʫʭʦʩʥʦʡ ʚʳʪʷʞʢʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʨʠʩʪʦʩʪʴ ʠ ʨʘʟʤʝʨ ʧʦʨ.

ʉʫʭʦʡ ʧʨʦʮʝʩʩ ɺʣʘʞʥʳʡ ʧʨʦʮʝʩʩ 

https://doi.org/10.1016/j.jpowsour.2021.230372

https://doi.org/10.1016/j.jpowsour.2021.230372
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ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʧʘʨʘʪʦʨʦʚ
ʅʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ (Non-woven)

ʕʣʝʢʪʨʦʩʧʠʥʥʠʥʛ (ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʝ): ʈʘʩʪʚʦʨ ʠʣʠ ʨʘʩʧʣʘʚ ʧʦʣʠʤʝʨʘ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɿʘʨʷʞʝʥʥʘʷ ʩʪʨʫʷ ʧʦʣʠʤʝʨʘ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʩʚʝʨʭʪʦʥʢʠʝ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ 

ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʟʘʟʝʤʣʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʦʙʨʘʟʫʷ ʥʝʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʤʘʣʳʤ 

ʜʠʘʤʝʪʨʦʤ ʧʦʨ

ʂʦʤʧʦʟʠʪʥʳʝ ʩʝʧʘʨʘʪʦʨʳ

ʄʝʪʦʜ ʧʦʛʨʫʞʝʥʠʷ / ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ:ɹʘʟʦʚʫʶ ʤʝʤʙʨʘʥʫ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠʦʣʝʬʠʥʦʚʫʶ) ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ 

ʚʘʥʥʫ ʩ ʩʫʩʧʝʥʟʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ (AlOOH, Al O, TiO , SiO ), ʩʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ (ʦʙʳʯʥʦ 

ʧʦʣʠʤʝʨʥʦʝ) ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʀʟʙʳʪʦʢ ʩʫʩʧʝʥʟʠʠ ʫʜʘʣʷʝʪʩʷ, ʘ ʟʘʪʝʤ ʧʦʢʨʳʪʠʝ ʩʫʰʘʪ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʘʢ 

ʧʦʣʫʯʘʶʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʦʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʥʠʟʢʦʧʣʘʚʢʦʛʦ ʧʦʣʠʤʝʨʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ.

ʌʘʟʦʠʥʚʝʨʩʠʦʥʥʦʝ ʦʩʘʞʜʝʥʠʝ:ʈʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ ʥʘʥʦʩʷʪ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʧʦʛʨʫʞʘʶʪ ʚ ʦʩʘʜʠʪʝʣʴʥʫʶ ʚʘʥʥʫ (ʥʝ-

ʨʘʩʪʚʦʨʠʪʝʣʴ). ʈʘʩʪʚʦʨʠʪʝʣʴ ʠʟ ʧʣʝʥʢʠ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʦʩʘʜʠʪʝʣʴ, ʘ ʦʩʘʜʠʪʝʣʴ ð ʚ ʧʣʝʥʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʜʝʣʝʥʠʶ ʬʘʟ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʶ ʧʦʣʠʤʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʠʣʠ ʤʝʤʙʨʘʥ ʩ ʪʚʝʨʜʳʤ ʧʦʣʠʤʝʨʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ.
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ʄʘʪʝʨʠʘʣ ʇʦʣʠʵʪʠʣʝʥ

ʊʦʣʱʠʥʘ 10Ñ2 ɛm

ʇʦʨʠʩʪʦʩʪʴ 48 Ñ 5 %

ʇʨʦʯʥʦʩʪʴ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (MD 

Tensile Strength)
Ó 1600 ʢʛʩ/ʩʤ2

ʇʨʦʯʥʦʩʪʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(TD Tensile Strength)

ʇʨʦʯʥʦʩʪʴ ʥʘ ʧʨʦʢʦʣ

ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ



ʜ.ʪ.ʥ., ʂʦʨʥʠʣʦʚ ɼʝʥʠʩ ʖʨʴʝʚʠʯ
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