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Comparison of Airborne Nanoparticle Concentrations between Carbon Nanotubes Growth L aboratories
based on Containment of CVD

JuHyunHa - Yong Chul Shin'

Department of Occupational Health and Safety Engineering, Inje University, Gimhae, Korea

Although the usage of nanomaterials including carbon
nanotubes (CNTS) has increased in various fields, scientific
researches on workers exposures and controls of these materids
are vary limited. The purpose of this sudy was to compare the
airborne nanoparticles concentrations from two university
|aboratories conducting experiments of CNTs growth based on
containment of therma chemical vapor deposition (CVD).
Airborne nanoparticle concentrations in three metrics (surface
area concentration, particle number concentration, and mass
concentrations) were measured by task using three direct
reading instruments. In a laboratory where CVD was not
contained, the Surface area concentration, number concentration
and mass(PM) concentration of arborne nanopartideswere 1.5
to 3.5 times higher than those in the other laboratory where
CVD was confined. The ratio of PM: concentration to total
sugpended partides(TSP) in the laboratory where CVD was not
confined was about 4 times higher than that in the other
|aboratory. Thisindicatesthat CVD isamagjor source of arbone
nanoparticles in the CNTs growth laboratories. In conclusion,
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researchers performing CNTs growth experiments in these
laboratories were exposed to airborne nanoparticles levels
higher than background levels, and their exposures in a
laboratory with the unconfined CVD were higher then thosein
the other [aboratory with the confined CVD. It is recommended
that in the CNTs growth laboratories adequate controls
incdluding containment of CVD be implemented for minimizing
researchers exposuresto airborne nanoparticles
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U = (nano)= 109 £ 9 18 g, Y54
(nanomaterids)> 1310l A] 9] &2 0 2 A 2ke 1~100 nm =
71] YA 3ok AJ O THNEST, 2004). BHAatb e
(carbon nanotubes, CNTs)= =1 W (graphite shegt)o] L 17|
O AA 07 T2 TRl e ol v 714, 2005).

U540 A7 gl k2 2015 d o = ik 12 9 & |
old A1 0.5 skl 9l o (Maynard et d., 2005), =W i
7)1 B A9 727 200513 o vk 353 9019111, 2020
W7 226%2] A% 1A 5o UEh] 598% ol 93t A
O % S 1 Ytk = 5, 2008). ©| o o] HE =
Wl vheake) I A AA 7har QL vl
3 AE AT AT 7137} S7FskelT 53] CNTsE ©]
&3 EAAAE, g AR, AAEE, sfolngs =
53} 2-8(Ajayan e d., 2007; Coleman et d., 2006; Gardaet d.,
2007, Hat e d., 2006) A =8 7|52 7dst] 918 A7}
A AAA S Z 18 3 gl rh(Dresselhaus et al., 2001;
Baughman et d., 2002).

CNTs37 % 71 5-9] F 2 71 27 ol A CNTse} A
Fuj o) A7) YA wEE Hush, 1ol dist =&
7Fs/doll thg ¢ 7} o7 ¥ 11 3l vHBdlo et d., 2008). CNTs
of Bt s=A gl A4 FAo] HAE i (Lamet 4.,
2004; Warheit et d., 2003), Q14 )4 3274 2] Al2hel S-of] <]

S8 ONTs7F A2 A4 FH 0] 578 5 ltMonteiro-
Riviere et d., 2005). 7}= 11 7] thgk CNTsS] 73-9- A 3} F-AF
SHA| Srobg(granulomas) 7t 22 YA 224 o] ot A
= &ab (Poland et d., 2008), 719] 17 Ujoll =6kl
749 Z 9] F(mesotheioma) & Y 071tk 1 115 9l tHTakagi
etdl., 2008).

SN E o) at Lheslatel S194E Q4sha 1o
et JAo] A7k gl v =] National Institute for
Occupationd Safety and Helth(NIOSH) el A= #F] 2 Wjf2-2)
I FollM ) v YAk fral A ARF Ve Ake] 54
W ol et A7E 2is) 118 Fo] THNIOSH, 2010).
HATHEU)S Y] Abe] A Gael a3 4= e
2 AR A AR BRI e E R, b, 3, Al A B
T HEg soto] Tkl QIthH 57 5, 2007). HE3 7
A & 71 7)HOECD):= 2005 6% OECD & 29| v
= 3 - B Qb foke] 5 A& A Fske] v
=0 A F4 2 el st 3] = A9 =97}
sttt A S SMIAZTHE 571 5, 2007). 20081 ]
= WA w253 Y A e Bk g A ARl
371719 Q1 Control Banding Toolo] 7H2-%] 1 th(Paik et d.,

2009). Tl oA = T S5 AT (A F 2] ok A Akl
oA 2007dFE] Uesd SA7INAT AR]E SRt
19lom, T 5o LA 2 B Ao st A
7} A5 o] FAX AL QUANE, 1|5, G5 T AR 9] =] vt
of o} W] F 3k eolm opA] L Q] Atel| tf g 4 &5t 4]
ojuf :e A Ejofl thate] o] & A QLA

CNTSE A7) A8 Ao A o] vl Ak -Zof o
&l Bello et d.(2008) ¢} Hen et d.(2008) 50 AAIE A7} 3
o 22y 71EY] A 371 T ey A7) e
3 AH+(Beloet d., 2008; Hanetdl., 2008) 9 A -5 S (Hanetd.,
2008)]| =55k Aoz WA wof 3 R gtk 1
HERE 2 A7 ONTsE A7) A8 S 8k oigh 4
A A AFAIE 375 eed B4, YA+
A& &5 5 ¥ 7}skal, chemica vapor deposition(CVD)
7F e A3 AR P AP AL AT 37 7 o
E=YAE s E vluwsty] s AA T B =i
CNTsE §dshe AR AN Wi} eFe e 53
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AR A A N A AP T T 23
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CNTs A 7149] 75 of 24 (arc discharge), @01 7]
=2 (laser ablation), 3}3+5:7]/¢%-21 (chemical vapor
deposition), <=8l (pyrolysis of hydrocarbon) -] 3t 1
i Aol = et S A & AR skt st
TS ANE Bas T8k Qi whalea 749 Aol
w5 719 Fe R o, Addo] 93 IFES] CNTsE
A= 5 e o] e AP 8- 00T E 7Hd CvD
of| A NHs, Hz, Ar ! GoH, 7}~ 2 0] -8-510] ONTsZ A 4HA] 7] =
ZOF, 18] $7& FINTH0E~2A g HL

Athat A Aol that A 5= Teble 10] YERAITE A
4 1> 817 33] ¥, Aol 15~203] HHE) A 219) 8t
2 18] A gHEo) A= CNTs?] 92 002 mge] H] e
23 AR k006 mgelth. o] AAA FARAE 23]
L, SA ol A3 kA gtek A3 19] 35, 3H7 ONTs 7
T 002mgo 2 AR 19] AgEY] 13 FFol it ©f
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Table 1. Basic information on the CNTs growth laboratories

Lab. " Roomsze Workingtime Frequency  Amount used -
p  Lerame N (M) (ousdsy) (imeswesk) (mgweek)  ormIaton
Nanomaterid Generd
I 2 127 6 6 0.3-04 o
Laboratory vertilation
Nano Photodectronic Device CVDwas
Il 3 143 3 6 01 )
Laboratory contained

*Number of researchers who use the laboratory
CVD: Chemical vapor deposition.

Task C: Furnace cool-down

Task D: Transfer of CNTs

Figure 1. Tasks for CNTs growth in Lab. I. The CVD was not contained.

Figure 13} Figure 2:= 212} 218141 | @ A8 2] [12] dhAE
AF ot} AeS 7 900T7HA] CVD 7H (Task A),
CNTs A (Tak B), 7}~ vlj& 4 717] WzK(Tesk C), ¢3¢
CNTs 7 A (Task D) 5 4%HA & F-2-5T}, 2 A 529 (task) &
A B,CH D At dd o] &2 AEA 1o =3
], A& e A= 18] HHEskgl o, 18] A3 B 14]
7 30E~2A|7 Y 2 2 ATk

2. i

371 T QA EEE 27] Ssto] 371 = thete]
7o A=A 57471, 5 A 342 Aerotrak 9000TM
(TS), 42+ 5=+= Ultrefine Particle Counter, P-Trek Model 8525
(T9) 9 A&k %Et DustMate, DM 11431 (Turnkey Instruments
Lid) 2 S skalth ez dole} e Udnba o % 1214
A xA o7 AZE 1~100nm 7] 9] A 7 g oJstar gl
AR i) g7 ol FAkE A S5 (egglomeration)
o] wol 22 (micro) =71 7H4] iAke] 2717F A 5 Sl
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Task C: Furnace cool-down

Task D: Transfer of CNTs

Figure 2. Tasks for CNTs growth in Lab. Il. The CVD was contained.

2 Aol AREE A} w4 W ]Ix} 5= S47171= 247}
10~1000 nm<} 20~1000 nm*H 91 2] YA} =4 o] 7bs3kar, A
FTE ? ']7] 7] = PMy, PM2s, PM1 2 Total Suspended
Partide(TSP) 191 9] 9 &+ 74 0] 7hs-afet. whehA] 2 Ate]
A o] Y= ket 27]7F1000nm o] 341 Y AHE gt
371 T U A B s A4 APAIZEF A
A FARE] 55 913 (persond bregthing zone, PBZ)o A 9143
73193, 371 T Y=g Ake] G A w5 AT
A E SASIh ofnf HE S Tt A HofA F
Alof aHeh AN A A = A¥E T T 30E Fek A
2 U)ol A 17455 (background leve)E =7 5ko] 71Q1%:
ZE 9wtk 5 3] T Y2t 24 s R

A8 0 AesiAzR AL AR 5
A Z73hol, 4G AT 371 F heiA 5t
F ABA BAAA F 2t o 9 TS AL
BAA

Mixed cdllulose eser(MCE) B} o 3}-%](2] 7 37 mm, &=
71: 08 im)ell 7RS4 5 2% E EZ(GILAIR, Gillian) & A}-3}¢7
5 15~20L/min?] {0 2 A5 gk 37|\ 25 FARIAF
& ] 7 (transmission electron microscope, TEM) = 15,000 ~

600,000 Hj-&-ofl 4 CNTs®] EAj o -2 &2t 3l e,

. 2% Y %
1. MFAYE 8713 LRt &=

Teble 2= CNTs A A @A o] A2 37] T Yy
Ape) B, Q1A 4+ 8] ARPM) eF R LTS veh
Aotk AR 19 A AR A A0 F7) % egiae]
2 w9} R 5 e 712} 420 iloc ) 9654 puice
2, A8%E 5 37) % ek B4 55638 o)
9} o)} 2= = (12835 pUcc)7} Z7}skit), sl A3o] 13]

%) 3812 WS A 7] el Qa4 Bt
Z7ksi5e, o) 3819 ONTs 4% 219) ik 0 2 ke
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U0l 29 A ol Aok eI} 7k As
A EAA ARAIE 0] QYD 2] o A% 5
97 w0 2 grebach A RAeE 37 % Lhegd A £



188 8154 - 4183

Table 2. Surface area concentrations, number concentrations, and mass(PM:) concentrations

2 PM(PM.)
I_ldDo Times Tk SA conc.(ur/ce) PN conc.(pt/cc) oonc(ugl)
N* Mean+D Range  Ment=D Range N* Mean+D
A 9% 587t24 555664 101691383 9340-11800 1 284
B 28 61614 578638 10099t448 9810-12100 1 171
1« C 16 65613 635678 122491823 10600-14000 1 179
D 26 67824 637-705 11012+1160 6430-13300 1 165
Subtotal 166 613£41 555705 106421895 6430-14000 4 200£56
A 80 792+t54 694901 13448+1023 11100-16500 1 204
B 28 709£29 67.7-789 13339£537 11400-15000 1 151
2d C 8 700£11 687-721 12667281 12200-15000 1 138
D 4 722£42 688783 135311435 12800-16000 1 115
Subtotal 120 764161 677901 13376+906 11100-16500 4 152+38
A 48 735£70 663901 1349511261 11100-17100 1 19
B 20 82516 793853 15062348 14300-17500 1 130
3d C 10 772+11 757787 134441734 10200-14800 1 132
D 4 76116 740779 14440416 13500-16100 1 121
Subtotal 82 763166 663901 13943+1228 10200-17500 4 126+06
Before 41 420139 342486 9654914 7630-11000 -
A 224 6931105 555902 12043+18%4 9340-17100 3 202+83
B 76 705185 578853 12881t1712 9810-17500 3 15121
Totd C A 70051 635788 12680+861 10200-15000 3 150+26
D A 6931+38 637783 115961581 6430-16100 3 13427
After 57 6381530 530764 1283v+2262 8720-19400 1 64
Totd 466 6551103 342-902 12379+1927 7630-19400 13 152+53
Before 39 210£07 261-283 6774t260 5730-7280 1 56
A 31 324105 315332 679%6t237 57107200 1 50
Il ¢ B 8 B1E02 328334 6611E£277 5800-7070 1 46
C 31 318+34 281383 11585+7800 7800-28300 1 43
D 5 262102 259267 848+274 7300-8720 1 39
After 101 231+21 189261 8133+211 7050-8550 1 38
Totd 215 288+48 189383 870412883 5710-28300 6 45+07
* Number of samples
SA: Particle surface area, PN: Particle number, PM: Particle mass, SD: Standard deviation,
A: Heating of furnace, B: CNTs growth, C: Furnace cool-down, D: Transfer of CNTs
A, Q02 9 AP B2 FaAol AY(en) 23, g BUH FEG A B AR E BE 2e)s
A 1o14] F2I3PA SRR A 5 2698, p<006, O]k OVD} Wlals)A) gk A 18 CVDE Fdahe 2
Q) A}<F %55 =847, p<0.05, PM: 5% t=5.95, p<0.05). (AT o2t CVDE dof ¢ ONTSE 7l 214

Fgues} Agredi= 184113 A8 A 149 271 20 (D) 5 A7) A% Aol A SherelA o) 2ko] b
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Figure 3. Surface area concentrations and number
concentrations of airborne nanoparticles during
CNTs growth in Lab. I. PBZ: Concentrations
measured in personal breathing zones, Area:
Concentrations measured in area, Background:
Background level, A: Heating of furnace, B: CNTs
growth, C: Furnace cool-down, D: Transfer of
CNTs

(Foure3). CVD7} Ho € A3 4 1= CVDE Ho] 255 5
FE A9(0°lA FAko] YeFtHFgue 4). ©] = CVDE
0] &3 CNTs A 441 3l o] A CVDE Po] 9% CNTSZ 7
Ul 2 ellA] who] opeh AlF-2gd el A Vgl &
H1 Qles gelalth 571 T et 294 w29
3, AP FAR 2 AA(PBZ)oIM S A
Aaeg)oll A S e gha vlwstla, A oA A
S50 # 134485 prilec)o] YERS AIZH10:08) 3F FH A4
Al Zol| A fFAFSHA 9] 334432 prPloc)o] FERTE o))
TET B AWIAE JeRTHA EA 12 =087, p<001,
218 4] |1: r=049, p<0.01).

2. 8N ZH NZHSE T LI At e ESE
Teble 32 A3 7019 81| 7F A7 i U QlA)

Z5 (8 hour- TWA) e 210 2, 8 hour-TWAS th5-3}
o] T8tk HF ARAIKT) sk A8 257

Figure 4. Surface area concentrations and number
concentrations of airborne nanoparticles during
CNTs growth in Lab. Il. PBZ: Concentrations
measured in personal breathing zones, Area:
Concentrations measured in area, Background:
Background level, A: Heating of furnace, B: CNTs
growth, C: Furnace cool-down, D: Transfer of
CNTs
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AP 19 FAE A RS TS S st
AA Aok g AFA W AFE7E THE o] glsioH,
AR NG FARR: BRIk A00% 58), A3, B
{}-* xl—ﬁ.o}j_y 3}1\9‘11;} = Ns}j/\l o X3 1:}/\] (== %o] =3

2T 21 - sl
& 903 55177} itk 2AH TR 2 27o) 9%
9] G WA I A7) ek ol A1

e 918i0] e A ¢
],

% 090% OVD7H RS EA ke A8 194 4 A



190 st¢d - A8

SN B Ao A A FH o 3T AEE TEMOE 4]
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%H 9o}, o] A B oA T CNTse= AE5] A 9okt
i1/do] oba]l #H A b= Yesdg Az AY F5
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Figure 5= 5 2181 Ao 4] BFAEE 27] 2 PMs, PMas, PMuo
o] TSPA AFec s ur]:/}qq 740]1:}. Jgﬁé@ 1S A Nzﬂ)\l ||oﬂ
H]OH P\ 0k33HH PMzs= 0k3HH _L‘r;oLq_ F’Mmiﬂ 74 o) }\]64
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0 el SESITHEF L), A A1) 371 5 P S TP

B9 U4 50|91, AR NS 37) 5 PV S T
129 Y15 70|90t ol AP g S5
Xl % CVDE UoshA] ok A A o)A A3k m] A 7]
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Figure 5. Mass concentrations of airborne
particles by diameter in the CNTs growth
laboratories. PM: Particle matter, TSP: Total
suspended particle

(PM:, PM25)] 1] £-0] CVDE W gk A5 A lof| 4 2yt
A A o] v R E R FrHE 2l Bojr

0] 9} ZFo] F AP AL TR PMw 2ol A= 2 ko] 7§l
Ak T2 2R F7]9] v A H A (PML Z PMas) 5 5= CVD
£ duehA] b2 Ad A B A Ykt olest 4
IH= ONTs A4 A2l o] 49 CvD7F Yl Akl PMes9}
22 QIR F o A E Tella, wEbA rlAY
A wE-S #o]7] Y sliAl= CvDell st 3-8H4 e 7t 5

V.2 E

CNTS ]— 1‘6 14 Aﬂ‘ﬂxl-cﬂtﬂ 17]1],}1#%]]}}:_1:9]_
A e] wE5 5 (8hour TWA)E v}l CvDe o
Fol & Yzt 3 EE v A} ts3 22 A=
S A
12 A A ONTsA A 8 & 5= A8 4] FApA= o
193]S 3= I o A A3o] gl vl o] F(l ) Kt
=2 F RO YAl mEE a1 QT

2.7 A A o] AR 7] F YegAbe] A Q]
X}é 4 APV 55 Bl et 43}, BE Sl A
CVDE WUu|5}A] 92 A3l Ao 77} 2nf), 150 B! 3uf A 1=

1% EH|o<0-05)-

CVD7} “1ﬁl-fr4°1 QA 18 A g A o A WY S PV 5
TETPEES V4550 7 Uiy 9l A3 A(1/15)5
o g4 ifs’,k o]t Ayb= CNTs A7 Ad Al o) 79
CVD7} Y@ AFe] =9 w198 oJn|slo], ufehA] Hl
Ao wFS Fol7] Y3lAE cvDe a9} 2 FEhA]
7S 8ks 4 4= Qlth

4. A3 $IA oA 71 He] "ozl o)A 9] QiR
A S0 A7PE Mgk At SERAM S4E 5
T Hgtel e AAAAE Bt b AE F A

HPF m*

A

Table 3. Estimated 8 hour-TWA for surface area concentrations, number concentrations and mass(PM:)
concentrations of airborne nanoparticles in the CNTs growth laboratories

Lab Sampling SA oonc. (yrtfec)
' time 8hr-
ID .
(min) FBz B TWA

I 300 65.5 420 517
I 180 288 270 217

PN conc. (ptfec) PM(PM1) conc. (ug/rf)
8hr- 8hr-
B TWA PBZ B TWA
9564 10958 152 64 119
6674 7498 45 56 41

PBZ: Mean of concentrations measured in personal breathing zones during working, B: Background level, SA: Particle surface area, PN: Particle

number, PM: Particle mass
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