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[O8 11-1] Xt 28 XIS o|M BX| X (Kang T(2017) Figure 1&
=30l #8). SMPS=scanning mobility particle sizer; APS=aerodynamic
particle sizer; CPC=condensation particle counter; TEM=transmission
electron microscope; HEPA=high efficiency particle air
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Shoreview, MN)& ©|&3slo] 37|15 % 1.5 L/'min®= =7] 0.004-3 um<]

<E 11-2> 37| T UXYER ST X AEMH =AH

3 e At g 0V TR aase
Condensation Model 3775, TSI, 0.004-3
Particle Counter Inc., Shoreview, T T ' 1s 1.5 L/min
(CPC) USA Hm
Scannmg.Moblhty Model 3080, -TSI, A7} 2718 9.8-414.2 .
Particle Inc., Shoreview, e 135 s 0.6 L/min
Sizer(SMPS) USA e m
Aergdynamc Model 8321,.TSL A% 1M 0.5-20 '
Particle Sizer Inc., Shoreview, o m 60 s 5 L/min
(APS) USA o H
the 2
Mini Particle -, Ecomesure, wlo|a=2W]E] ~ 21 min 0.5 L/mi
Sampler (MPS) Saclayn, France  =7] 4#F (7 minx3) mm
A5
— S Oolx] ol o
IOM sampler , SKC, Inc, T 9 - 21 min 2 1/min

Eighty Four, USA 25 (7 min<3)
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37 T YA EHY + L& SASHTE Scanning mobility particle
sizer(SMPS, Model 3080, TSI, Inc., Shoreview, MN)E ©]&3}o] &7
Z 06 L/mnl® 984142 nm Z7] Yo Z7E ¢ w5 =H3ATh
Aerodynamic particle sizer(APS, Model 3321, TSI, Inc., Shoreview, MN)E ©
&3to] F71A1F % 5 L/mine & 05-20 ym 7] Ate) A7 ¢ 5EE
A5t
FRAAARE S o] &3 FA S 8 theAd ©a EE 400 W4 TRzt
An) ¢ ¢ 2gl=(Agar Scientific Ltd, UK)7} &Z¥ Mini Particle
Sampler(MPS, Ecomesure, Saclayn, France)S #u| v}z 923 A5 x)3H
zo AZAste] 05 L/min®] 302 AEA Al BAE = 7] 5 dAE AH
SFATHR'mili 5, 2013). FRAAEARA Sl WAl A H(bright field
microscopy) 0.2 1o AHE dzte] Ao} AE B, oy A EAk
334 7] (energy  dispersive  spectrometer, EDS, X-Max, OXFORD
Instruments, UK)E ©]-&sto] S-S EA stk A el e YAt
&  FAFEIHAAAR A H(scanning  transmission  electron  microscopy,
STEM)< ©]-&3te] on|x]& ##3til EDSE o] &3 A4 #ie af 313t
A EEE o|MAIR FrEste] A s
A 98 AE 25 mm, 7]% Z7] 04 yme] =
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Mann-Whitney
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(ug/m”)
Polypropylene (PP) P80 21 58449 (7979) 0.94 (0.18)
P180 21 17487 (1598) 2.44 (1.07)
1% 7ZnO-PP P80 21 92574 (11444) 1.44 (0.35)
P180 21 25299 (1029) 3.70 (0.51)
3% ZnO-PP P80 21 92259 (5449) 1.99 (0.38)
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<E I-3> XY JI19 [ME = T 22X

aE 7?;7] A= 271 2 X HlE (%)
= <100 nm 100-1000 nm >1000 nm
Polypropylene (PP) P80 88.9 8.5 2.6
1% 7ZnO-PP 98.8 0.9 0.4
3% ZnO-PP 99.0 0.7 0.4
5% ZnO-PP 99.4 0.4 0.2
10% ZnO-PP 98.9 0.6 0.5
Polypropylene (PP) P180 47.7 31.0 21.3
1% ZnO-PP 60.4 19.4 20.3
3% ZnO-PP 76.3 8.8 15.0
5% ZnO-PP 59.4 17.6 23.0
10% 7ZnO-PP 73.6 7.3 19.1
<E II-4> &XIY J7|9 ME EY T 22X

R 7:%;7] AApe] 2718 BE B E (D)
<100 nm 100-1000 nm  >1000 nm
Polypropylene (PP) P8O <0.0 1.0 99.0
1% 7nO-PP <0.0 0.6 99.4
3% ZnO-PP <0.0 0.5 99.5
5% 7ZnO-PP <0.0 0.3 99.7
10% 7ZnO-PP <0.0 0.6 99.4
Polypropylene (PP) P180 <0.0 0.2 99.8
1% 7ZnO-PP <0.0 <0.0 100.0
3% 7nO-PP <0.0 <0.0 100.0
5% ZnO-PP <0.0 <0.0 100.0
10% 7ZnO-PP <0.0 <0.0 100.0
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Abstract

Characterization of Airborne Particles Released from Sanding

Nanocomposites

Jiwoon Kwon, Kwangmyung Jang, Eunsong Hwang

Work Environment Research Bureau,
Occupational Safety and Health Research Institute, KOSHA
400 Jongga-ro Jung-gu, Ulsan, 44429, Republic of Korea

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.
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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
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