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(a)                                  (b)

 

(c)                                  (d)

[그림 Ⅲ-7] 공기 중에서 채취된 산화아연-폴리프로필렌 입자의 대표적인 

투과전자현미경 및 주사투과전자현미경 이미지; (a) 수십 마이크로미터 크기의 

산화아연-폴리프로필렌 복합체, (b) (a)의 상단 부분 확대 이미지. 상단 복합체 입자 

내 검은색 점은 산화아연 나노입자임, (c) (b)의 주사투과전자현미경 이미지, (d) 

(c)의 EDS 맵핑 결과. 빨간색은 Zn, 녹색은 C 
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(a)                                  (b)

  

(c)                                 (d)

[그림 Ⅲ-13] 공기 중에서 채취된 마이크로미터 크기의 산화아연 집합체와 

산화아연-폴리프로필렌 복합체 입자의 대표적인 주사투과전자현미경 이미지; (a) 

주사투과전자현미경 이미지, (b) EDS 맵핑. 빨간색은 Zn임, (c) EDS 맵핑. 빨간색은 

C임, (d) EDS 맵핑. 빨간색은 C이며 녹색은 Zn임
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(a)                                  (b)

  

(c)                                 (d)

[그림 Ⅲ-15] 공기 중에서 채취된 사포질 페이퍼에서 기인한 입자의 대표적인 

투과전자현미경 이미지; (a)-(c) Al 및 Zr 함유 입자, (d) (c)의 EDS 맵핑 이미지. 

빨간색은 Al이고 녹색은 Zr 입자임
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(a)                                  (b)

 

 

(c)                                 (d)

[그림 Ⅲ-16] 공기 중에서 채취된 사포질 페이퍼에서 기인한 입자의 대표적인 

투과전자현미경 이미지; (a) Al 및 Zr 함유 입자의 주사투과전자현미경 이미지, (b) 

(a)의 EDS 맵핑 이미지. 빨간색은 Zr이고 녹색은 Al 입자임, (c) Al 함유 입자의 

주사투과전자현미경 이미지, (d) (c)의 EDS 맵핑 이미지. 빨간색은 Al임

































1. Objectives

  This study investigated characteristics of airborne particles generated 

during dry sanding of composite materials containing zinc oxide 

nanoparticles.

2. Methods

  Polypropylene (PP) materials containing zinc oxide (ZnO) nanomaterials 

at 4 levels (0 %, 1 %, 3%, 5%, and 10%) were sanded using 2 grit-sized 

zirconium aluminum oxide sandpapers (P80 and P180 grits) in an 

automated sanding chamber system. Concentrations and size of particles 

released into the air during sanding activity were measured by direct 

reading instruments. Morphology and chemical composition were analyzed 

using transmission electron microscopy and energy dispersive spectrometer 

mapping.



3. Results

  Regardless grit sizes and contents of ZnO, size distributions of airborne 

particles did not show noticeable change. Increase of nano-sized particles 

less than 40 nm and micro-sized particles more than 1 um explained 

increase of number concentrations and mass concentrations respectively. 

Number concentrations were higher and respirable mass concentrations were 

lower with coarse sandpaper for all materials. All ZnO-PP composites with 

all grit sizes showed higher number and respirable mass concentrations. 

Number and respirable mass concentrations were positively correlated with 

contents of ZnO in composites. Free standing ZnO particles with various 

sizes from nano-sized monomers to micro-sized aggregates were observed 

and accounted 50% of number of nanoparticles. Composite particles 

embedded with ZnO particles were observed in lager particles.   

 

4. Conclusions

  The results clearly show that more nanoparticles containing free standing 

ZnO particles are generated during sanding of the nanocomposites and the 

concentrations are positively related with the addition of ZnO nanomaterials 

into polypropylene. Further field evaluations and toxicological studies are 

required to elicit unknown risks imposed from processing ZnO composites 

mechanically.

Key words: nanoparticles, sanding, nanocomposites, zinc oxide








