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Comparison of Dustiness of Eleven Nanomaterials using Voltex Shaker Method

Naroo Lee” - Jinwoo Park

Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Dustiness of nanomaterials is considered as exposure index of essential material. Research on dustiness of
nanomaterial is needed to control exposure in workplaces.

Method: Dustiness measurement using vortex shaker were installed in the laboratory. Nanomaterials, 1 g, was put in the glass test
tube and shaked using vortex shaker. Aerosol dispersed was measured using scanning mobility particle sizer(SMPS) and optical
particle counter(OPC). Mass concentration using PVC filter and cassette was measured and TEM grid sampling was conducted.
Total particle concentration and size distribution were calculated. Image and chemical composition of particles in the air were
observed using transmission electron microscopy and energy dispersive X-ray spectrometer. Eleven different test nanomaterials
were used in the study.

Results: Rank of mass concentration and particle number concentration were coincided in most cases. Rank of nanomateirals with
low concentration were not coincided. Two types of fumed silica had the highest mass concentration and particle number
concentration. Indium tin oxide, a mixture of indium oxide and tin oxide, had high mass concentration and particle number
concentration. Indium oxide had very low mass concentration and particle number concentration. Agglomeration of nanoparticles
in the air were observed in TEM analysis and size distribution. In this study, mass concentration and particle number
concentration were coincided and two index can be used together. The range of dustiness in particle number concentration were
too wide to measure in one method.

Conclusion: Particle number concentration ranged from low concentration to high concentration depend on type of nanomaterial,
and varied by preparation and amount of nanomaterial used. Further study is needed to measure dustiness of all nanomaterial as
one reference method.

Key words: agglomeration, dustiness, nanomaterial, vortex shaker
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Table 1. Specifications of the test materials
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Primary particle

Bulk density(g/cm)

Specific surface

Nano material size(nn) Density(g/ml) A B arca(n/g) Purity(%)
Indium oxide < 100 7.18 1.23 - NA 99.9
Lanthanum oxide < 100 6.51 0.24 0.21 NA 99
Indium tin oxide <50 1.2 0.32 0.32 NA -
Aluminum oxide @ 10 ~ 20 NA 1.00 0.91 150 ~ 220 99.99
Aluminum oxide @ 30 ~ 60 NA 0.56 0.59 10 ~ 30 99.99
Aluminum oxide @ 150 ~ 200 NA 0.31 0.35 6 ~ 20 99.99
Titanim dioxide @ 10 ~ 20 NA 0.50 0.51 60 ~ 80 99.8
Titanim dioxide @ 50 ~ 80 NA 0.50 0.56 20 ~ 40 99.8
Titanim dioxide @ 190 ~ 210 NA 0.83 0.95 4 ~ 10 99
Fumed silica @D NA 1.8 0.06 0.05 100 >99
Fumed silica @ NA 1.8 0.05 0.05 120 >99
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Figure 1. Experiment apparatus on dustiness of nano material using vortex shaker
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Table 2. Emission amount and respirable dustiness fraction

Nano material Emission amount(g/hour) Respirable dustiness fraction(mg/filter) Rank
Trial Average Trial Average
Indium oxide 0.0056 No data
) 0.0007 0.28
Lanthanum oxide 0.006 0.18 6
0.0120 0.08
) ) . 0.2920 348
Indium tin oxide 0.326 3.93 3
0.3603 4.36
. ) 0.0072 0.12
Aluminum oxide @ 0.009 0.15 7
0.0110 0.16
) ) 0.2792 1.2
Aluminum oxide @ 0.202 0.80 5
0.1257 0.4
) ) 0.3499 3.8
Aluminum oxide @ 0.223 2.15 4
0.0955 0.48
o o 0.0372 0.12
Titanium dioxide @ 0.026 0.015 7
0.0154 0.20
o o 0.0159 0.12
Titanium dioxide @ 0.024 0.075 10
0.0322 0.04
o o 0.0249 0.12
Titanium dioxide Q) 0.021 0.1 9
0.0179 0.08
. 0.8661 43.6
Fumed silica D 0.681 33.4 2
0.4957 23.2
o 0.8987 34.6
Fumed silica @ 0.903 72.9 1
0.9073 111.2
37) Fo WaE A% F 25 m o5t YAE &
r=0. _
100  (p<0.05) Fog 23 A, P AsEE IHE EES &
5 £ Aej7} 2golt). ehekarel Rl oliksle ehre] 4
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Table 3. Total particles number concentration measured by OPC of dust generated by vortex shaker

Total particles number(#/cm?®)

Nano material . . Mean(#/cm’) Rank
Trial 1(SD) Trial 2(SD)
Indium oxide 2(1) 1(1) 2 10
Lanthanum oxide 45(30) 49(17) 47 7
Indium tin oxide 5975(5960) 3728(4415) 4852 3
Aluminum oxide @ 1(1) 2(1) 2 10
Aluminum oxide @ 1199(2924) 250(268) 724 5
Aluminum oxide ) 2890(2525) 377(476) 1633 4
Titanium dioxide @ 116(177) 6(2) 61 6
Titanium dioxide @ 8(3) 39(79) 23 8
Titanium dioxide @ 20(27) 15(8) 17 9

Fumed silica @D 11997(9488) 5880(6761) 8937 2

Fumed silica @ 1253411597) 13856(14069) 13195 1

Table 4. Total particles number concentration measured by SMPS of dust generated by vortex shaker
) Total particles number(#/cm®) 3
Nano material . . . Mean(#/cm’) Rank
Trial 1(SD) Trial 2(SD) Difference
Indium oxide 10(35) - 10 10
Lanthanum oxide - 82(18) 82 9
Indium tin oxide 36654(10614)  42098(24517) p>0.05 39376 3
Aluminum oxide @ 9(1.4) 10(1.1) p>0.05 10 10
Aluminum oxide @ 10848(14117) 3264(3146) p<0.05 7056 5
Aluminum oxide @ 31952(13810) 4039(4505) p<0.05 17996 4
Titanim dioxide @ 994(909) 43(7.6) 519 6
Titanim dioxide @ 44(11) 159(309) 102 8
Titanim dioxide @ 124(127) 96(42) 110 7

Fumed silica @ 127242(146292)  53032(55011) p<0.05 77653 2

Fumed silica @ 188663(141987) 390516(283742) p<0.05 289590 1

AEHE, oitEtEEHE 3% 9 dFvE AdkE 02 %
AR HZ=7F 100 particles/cn ©]3F2 LFEFGTE
™ 54 AR A SMPSE 4% F AR
4= %7} Table 40 Y9} Qlch 5 ~ 350 m7bR| &
YA+ w7t M 2 282 FE= AR 2%l
, Thol dEFALtekEelth dRuEAlEhE )
FulgitskE @, olAlgte e D74 OPCE =
2t = =99} SMPSZ =43 AA}F 5= =7}
AR &, A2 AL wol WA S 2

YA ol WAPSL & 5 Utk
7 B9 W APl B Holrt U A
ARoR shelstae o F= Ast 2%, 4T

sHAl tE

= =
o
ARk @, ¢RvEietE @ 2 f2

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(3): 273-282

Aoz veiyth AFFANTET AT)E A5E
@ef whs 54 g2 H=A ok

Z2HE7] dxol &x} 4
guol Mok HoR BUAS B Mok 23 s
Eob e vhe, 2R sk AW FU% 5 B
Wol® 31, FEE WA Uehdth(Figure 3).

3. 87| SN ER IV H 2Y

57 & dol2E9] dA mfH A71E A
t}. Table 5= SMPS=Z =43 A} = S =& ©]-&3
H %Lﬂ 718k gwt A7 9] Fatgholth. EE A= 14
o AR Eet 7 o}ﬂ‘& 1742l WehE yerdo
ojitetE e O

http://www.kiha.kr/



278 O[L{Z . utxle

3.5e+5 - 14000 80
2 ® Total particle by opc
3.0e+5 12000 A + Total particles by smps
* A Respirable dustiness

o - 60
25e+5 4 & 10000

2 .
2.0e+5 A 3 8000 - L0 |

o [0

I A 1
15e+5 1 £ 6000 A g

()

S . E
10e+5{ & 4000 - - 20

o

- +

S
50e+4 {1 © 2000

= A ‘e A AA A A L

+ [ J
00 A 04 ° o 0" L)
0.0 0.2 0.4 0.6 0.8 1.0
Bulk density (g/cm3)
Figure 3. Relationship between total particle numbers and bulk density
Table 5. Geometric mean diameter by SMPS QA7) &7] Zof H &35 oy fRE AL

Nano material Geometric mean diameter(nm, SD)

Tial 1 Trial 2
Indium oxide 22(4) -

Lanthanum oxide - 168(31)
Indium tin oxide 146(8.5) 135(33)
Aluminum oxide @ 23(6.0) 27(6.5)
Aluminum oxide @ 139(22) 125(12)
Aluminum oxide @ 151(39) 149(48)
Titanim dioxide @ 94(39) 86(10)
Titanim dioxide @ 95(14) 124(16)
Titanim dioxide @ 135(20) 136(16)
Fumed silica @ 228(10) 219(56)
Fumed silica @ 204(34) 212(36)
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Figure 4. TEM photograph of dust generated by vortex shaker
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Figure 4. TEM photograph of dust generated by vortex shaker (Continued)

Nano material TEM photograph EDS
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Fumed silica @

Fumed silica @

Table 6. Comparison of respirable fraction and particle number concentration by preparation difference of test materials

Samples kept in the oven (1057C)

for two hours Samples as requested

Trial 1 Trial 2 Trial 1 Trial 2
Emission amount (g/hour) 0.4478 0.3848 0.2792 0.1257
Respirable dustiness fraction(mg’hour) 9.04 3.24 1.2 0.4
Total particles number by OPC(#/cm*)(SD) 2975(2617) 1274(863) 1199(2924) 250(28)
Total particles number by SMPS(#/cm®)(SD)  194092(85363) 59874(40270) 10848(14117) 3264(3146)
Geometric mean diameter(nm) 116 107 139 125
SD : Standard Deviation
(Table 6). 105C QEoA] 2A|7F Fot HA|3t EXE V. 7E=|§ al _T'_’-él'
o] AAestA ke BABTE W&, AT glo]
A g, YA 5 TR BE BYTh UREAY $8 AT AT}, BAGHS 554 HA Aswo)
o AlA H Aejolx EN B2 & 371 F AT YAF 7 2 Friste] 2XEE Frol &A1& vl
A= AA 7t | A 71skEat A8 AA Attt 354 B AFewol A} & HE o] A=
27F =7 ¢k A Hroh ot skt A5l Ayl gtk nAF oz Bddo]
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