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Characteristics of Workers’ Exposure to Aerosolized Particles during the
Production of Carbon Nanotube—enabled Composites

Jiwoon Kwon" - Sungho Kim - Miyeon Jang

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: The purpose of this case study is to assess workers’ exposure to carbon nanotubes(CNTs) and
characterize particles aerosolized during the process of producing CNT-enabled polytetrafuoroethylene(PTFE)
composites at a worksite in Korea.

Methods: Personal breathing zone and area samples were collected for determining respirable concentrations
of elemental carbon(EC) using NIOSH(National Institute for Occupational Safety and Health) Method 5040.
Personal exposure to nano-sized particles was measured as the number concentration and mean diameter
using personal ultrafine particle monitors. The number concentration by particle size was measured using
optical particle sizers(OPS) and scanning mobility particle sizers(SMPS). Transmission electron microscopy
(TEM) area samples were collected on TEM grids and analyzed to characterize the size, morphology, and
chemistry of the particles.

Results: Respirable EC concentrations ranged from 0.04 to 0.24 ug/m?, which were below 23% of the exposure
limit recommended by NIOSH and lower than background concentrations. Number concentrations by particle size
measured using OPS and SMPS were not noticeably elevated during CNT-PTFE composite work. Instant increase
of number concentrations of nano—-sized particles was observed during manual sanding of CNT-PTFE composites.
Both number concentrations and mean diameters did not show a statistically significant difference between
workers handing CNT-added and not-added materials. TEM analyses revealed the emission of free—standing
CNTs and CNT-PTFE aggregate particles from the powder supply task and composite particles embedded with
CNTs from the computer numerical control(CNC) machining task with more than tens of micrometers in diameter.
No free—standing CNT particles were observed from the CNC machining task.

Conclusions: Significant worker exposure to respirable CNTs was not found, but the aerosolization of CNTs and
CNT-embedded composite particles were observed during handing of CNT-PTFE powders and CNC machining
of CNT-PTFE composites. Considering the limited knowledge on the toxicity of CNTs and CNT composite
particles to date, it seems prudent to take a precautionary approach for the protection of workers’ health.
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gt A94 E7|e2 259 7]E AR s
Aot=l A oK (Mihalache et al., 2017), 5443 &
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Atolofl= 2 ZJol7} it} ul= FPARARPA R AR
Y(National Institute for Occupational Safety
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A& AIorst vt tiYoon et al., 2016).
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B AFA2 G| et s A Agele] REe
B2 AR B4R AES FE itk gAE, &
B7} o] BAaUlREIL H7ME EASA AES
FAbsA] oottt AFIA2 2 WS o 3-E ©
o] MH|E o]&sto] HAULFETL 0.5% oHa-H &
AUYERE-BEARR] BIAE R AA P4t A] F&
ok apH o2 AAstit AAFH2 AF, HAFEH FX
A|ol(computer numerical control, CNC) 7}, ¥
WA, AAF E o g JLREQITE JPTHoA=
02 AAZHE YT gAY FEL BAS]7}
ot BE4S HPHRR XA A 7PEA A oA
ol o g1, ZYARE JFT T AAES 289
o] dAsteltt. B7HE flol &G 170] 53 o4l
HEo] §7]0] gAY RE-EASR7 531 Y8
oF 1 kg 927t A4 T A< vhESIIH 2300
He d4Es 9AUYLRES} B4R J7HAICE 3
Fojx ST AT EA-E FFolA = AP =
A Hojdll ZFEo] E Qo) Q= AHiRE EA
7 T8 T E FZ /WS kR S5kt =Y
A2 AAES Hojil= FY2 F7Edol o] §lof
Al 7oA AlJstlt. G EE vHRl AdE2 CNC
7141 A S A=Y B3 22 F2 AAtEo] XF <&F
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AR L2 EE HAUYLEREY] 555 S84 ¥
AAE TR S5 A6 AR 25l
MRMNEE AFsIHoH, &5 AXMELY] 5+
ot W AAo digt iIANEE AHA] §E 9
2014 ZH5HATE. CNC 7Y Al fAU L FE-
E45A FAE FHachke AR gAaveREI}
HA71ER] k2 BEAFAE FHIoke AJAE A0
S75to] = AR} Afo]Y] AAE B SH 254
LA4eA: 5 BEA9 E3REHRE ] (transmission
electron microscope, TEM)& ©]&3t 37|, Jef &
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A5AR2E olgste] £X19 AAFE & 5LE A
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Table 1. Measurement methods for the aerosol characterization

leEE =EA AZ MUK 37| 5 YR BX =5 54 3
NS olg3tel AFE 4+ FES ZHoT 55 o
ABE BT ZH2 9T AGMRE AASt

3. 53w

YUAEA 5 2782 990 vl= NIOSHE] Al&245 &
A 504001 w37 mm AFZETT AR 3 T ELE
GK 2.69 AlP]ZE2 ol-83to] 4.2 L/min®] o=
7] T SRS AF sk, dAeAEA7](Model
5L, Sunset Laboratory Inc., USA)Z Y484 55
EA5FATHNIOSH, 2003). Y484 5% 84 A] gaut
LEBO ASIE F7] ¥l Ono-Ogasawara et al.
(2013)0] Agtet ¥Hof| wa} wl=t NIOSH2] A|&AFH=
AR 50409] =271 st Bk o
gA"E 400 W4 7+ 18]=(Agar Scientific Ltd,
UK)7} &&= Mini Particle Sampler(Ecomesure,
France)g °1&sto] 0.5 L/min] 422 7] 5 YAE
oF 10-15 &1t I 0] AfFste] oA RAREGEA7]
(energy dispersive spectrometer, EDS, X-Max,
OXFORD Instruments, UK)7} A2k 200 kV 34
AFEUF(EM 2100, JEOL, Japan)& ©l-83t9] 12| =0f
e A =271 9 FEje} JES EAIGIH A4
A9l scanning mobility particle sizer(SMPS,
Nanoscan, TSI Inc., USA)E o]&st 57 5 11.5-
365.2 nm 7] YA AFE = FEE 1 & ©HE
24519 091, optical particle sizer(OPS, 3330, TSI
Inc., USA)E °l-&3sto] 7] 5 0.337-9.015 pm 7]
AR A & FEE 1E ER=E S5t 2R}
7i19] W=7 oAt e melelr] flof 7RIV AR}
Z77|(Partector 2, Naneos, Switzerland)E 2F4A}2]
slg] YAl ZEAIA F7] F 10-300 nm 7] YA
T Frot Bt A & IRIE AAAREE SR
Z¥zy 270853 21187 24519t

Instrument Metric Size range Time resolution
Quartz filter + GK 2.69 cyclone .
YOC/EC analyzer Elemental carbon concentration

ini i + . .

Mini Partl_cle Sampler . Morphology, size, chemistry
transmission electron microscope
Scanning mobility particle sizer Particle number concentration 11.5-365.2 nm 60 s
Optical particle sizer Particle number concentration 0.337-9.015 um 60 s
Partector 2 Particle number concentration, mean diameter 10-300 nm 1s
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g/m’E, /RJIANES} AGA R BT it FHI} S
GEA] ke B4R CNC 7HARIOIA 244 2
7l 0.23 pg/m’T 0.22 pg/m’ETh Witk BUE
 ZHFolA AHE AAX RS A ZFoA A
g AR BTl ZH 004 pg/m’SF 0.19 g
g/m>0]3]ct.

]
24
)
H

2. 8%t =8

4 EAZAT} CNC 7FadollA 371 5 4=k
AFE & FEE SMPSe OPSZE 33t 23, Hicr]
g 37|19} ulo]a&2ug Z7] A9 ¢ sk Y
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FS Btk A FE-24519] CNC 722
< SMPSZ 4% AdllM= AR Hde Al
10A] 305 A% 100 nm °Jst Z7] YA ¢ &
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Table 2. Concentrations of respirable elemental carbon

AGR AN EHE AR ¢ BE T 47
13,399 em>#} 12,630 cm™o|loH, A4 ZU%k
& 77} 59 nm® 60 nmo|ArKFigure 2). HAtie
SE-EARR] B3| HF QT EALA] HF
AREG 22 YA} 4 Frof] =EHIT LE2HE I
Z19] 271= AQANL -4 Ay F Jk JR;
sxot 97 BF BAHCRE [ou|gt Xo|E HolX]

oot

3. UXte| HEfR 37| H M2

EAA 0 FE o]-gsto] 7] FolA T=o] A
He dAE B A3t 28 £AZGI CNC 7R
ZHAolA AFHE AlROA EAULREIL HEFC
o, A TAHANA HHE ARME gdarveRE
7t AEFA GotH(Table 3). & £42R10IA 2
H ARAA HEH gAYLERFEE 5 4] tlo|32h]|
g o]4} 3719 FFojA FAHZ eI on, T2 AR}
o =R &2 A2 e BAYLEH A} Ex
AR HoL B4X] Rto] SA FEHE HEFHA
H(Figure 3. (a). Y= 7] E= $ vlo]320[E o]
o 37|19 gavleRFEE AEEA] At wathe
FEI7} EAeX9 SRE] AEH olf+= ¥R A
2 H7HA AR gE2Q AeE FHHE CNC 7H
2] Alofl& CNC 71A19] & 75l AR A] AR
oA HE AFNA BAYLFHI| thio] EALA]
HEYA0 &4 Qi Zo| = 4 nfo]aZ2u|H o]49]
2 584 A7 AE=AHFigure 3. (b) and (o).
B3 4A] 7PgA oA WEZARRE AL
LRE H77F 59 FH7F FEEUAS CNC 72
A Al BEASRA] fEZAC] 25 A I A2
EAULERE ARl IEE A 9ttt CNC 7R3

Type Location Sampling time(min) Concentration(ug/m?®)
Personal CNT-PTFE CNC machining 270 0.21
Area CNT-PTFE CNC machining 330 0.10
Personal PTFE CNC machining 211 0.23
Area PTFE CNC machining 344 0.22
Personal CNT-PTFE powder supply 21 0.04
Area High temperature curing 300 0.19
Area Background 525 0.43
Area Background 523 0.43
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Figure 1. Particle size distributions measured by SMPSs and OPSs; (a) powder supply, and (b) CNC machining
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Table 3. Analytical results using TEM—-EDS

Task

Type

Location

CNT detection

CNT-PTFE powder supply
High temperature curing

CNT-PTFE CNC machining
CNT-PTFE CNC machining
CNT-PTFE CNC machining

Area
Area
Area
Area
Area

Approx. 30 cm above a powder vessel

Door opening of an oven

Door opening of a CNC machine

Approx. 30 cm above a sanding spot

Approx. 30 cm above a scrap container

Yes
No
Yes
Yes
No

Figure 3. Airborne particles observed using TEM-EDS; (a) free CNTs collected during supplying CNT-PTFE powders, and (b)
and (c) CNT-PTFE composite particles collected during CNC machining
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