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[ESEAFIERISEIEN PESEHANTIR G IERT LR 2T Te s
BANHITERLE HUE CNT @& BT EHIT I B SEps
NEOB

FIOMBEREaLRY y hRa—T 4 b0 F I MEIOPEHICOWT, Bl h—R T F
2—7( CNDIZET 25 EF IR LICE LD D, 72720, BEANCEET 25 0T E O TR,

PLTIZ, BEFOHREIZHONT, ZOHERCELN TWAH AR EEHHEICE L DD,

Bk, D

« 7 U — 7R RE (R 20 B 58I B L 72 RAE) T T/ MEHIX 1 D A 2 B)DHEH A 1

< MBI B Lo (GEE ) RREORI (M 1 @ C)DFEHOAE, FEH R

s YU TNNREA~OT MBI OEE— . £ 26 ORiEED " RENE

- B 7B i, RHAS

« CNT TIFRH ~DOPEHIZEET 28803 = TH D03, TiO, 72 & Tl T ~DHEH OFEA & v <
DM T (Kaegi et al. 2008; Golanski et al. 2011),

QK XD O

(1 CNT = ARTy hOEREFICI VP S D DR+ DHf)
DR D FEAITRE L7 CNT BLR

D B B SRR NEE L 72 CNT $EEER

: BEbF & CNT OIRAKIT « CNT 2N HT L 7o (22 & 7o) dkne

: BEBF & CNT OIRERI T : CNT AEEH L Cu ZeV iREE

D B BIROBEFER; (CNT 23 £72 1)

BB ORI R DYV RAEERE L 7RI 7-(CNT 25 & 72 0)

TMoOOm@>

YU IVDREE
Y TINDEA T RKNT DL

1. ¥4 (CNT a2 KTy hORY)

2. J&fk (CNT-Alumina hybrid composite <> CNT-carbon hybrid composites i & ¥ (Bello et al.

2009, 2010)

3. FE~DI—F 17, ALk (TiOn ZnO 72 ETEWY)
- CNT ([CT 222D & A EI1E%E CNT (MWCNT) Z %5 L Lzb D THY . HE CNT
(SWCNT) & x%f5 & L7=#f7E1L/0 72\ (Ogura et al. 2013, 2015; Jiang et al 2014), MWCNT & /R
VRO 2 AR Yy MR E LTSRN Z N,
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TOeXAEO—H  (Wohlleben et al. 2011; Schlagenhauf et al. 2012 7z &)

1. BEMOON L ZR4L. Olkr, BFEE. ODIHISE : ARV R L X —IZ LD 6D

2. FERE(R W OMEH) - T N R L F—IT LD H D

3. HIZ L D~ N 7 ZAD5fi « 28 AN, KL IRE, (EFMEREIZL DD
FRIOEFIIHERFOBEFRER L 3 L 12 AR IMAN A TE TS,

HERAE
- BEREICEA L CIE, T — S —EEE(Taber abrasion)slBR(fif B 7 — 7 —I|Z X % EEEERER) (JIS K7204,
JIS K 5600-5-8&9, 1SO7784-1&2, 1509352, 1S05470-1 DIN 53754, DIN 68861-2 72 &) LiX LIE
fEn T\, 727210, T—"—BET, LT, B OPEHEE DKL (Wohlleben et al. 2011;
Vorbau et al. 2009; Golanski et al. 2011; Golanski et al. 2012),
it R (Weathering) 12 DU T, 1SO 4892-2 7 SIZ #E U CRllR 31T 4041 C > 5 (Wohlleben et al.
2011, 2013; Vilar et al. 2013),
- Z O, AFEE(sanding)<CUIHI(grinding) 72 X, KA TENEND HFIETITHON TV 5,

PR F D&

R ASOPERLF OFHITIE, =7 v Y AGHHIERS LIZ LIEEDI D23, =7 v Y LEHlE C
1L, CNT(F / #EE) & 2R DA ORI 25035 Z LS TE R, Pk ke, 7V —72
CNT O, CNT O 72 & OfHiiiL, £ < 086, B FBEBEBE I > T\ D, 72720,
B BMEEBIR I, EEHENE LV, FH(Z A MRS EOMER S,

YA, BERG EICK BT

- WREESCUIHI, BERE e BT Ko T FKimC CNT 32X 7R 1-( 1 D C)A % < O TRIE S
LTV % (Gupta et al. 2006; Cena & Peters 2011; Wohlleben et al. 2011; Schlagenhauf et al. 2012;
Huang et al. 2012; Hellmann et al. 2012; Jiang et al. 2014; Ogura et al. 2013&2015), Hirth et al. (2013)
1%, CNT DX PRI F B SN DR (AR F 08 A v MM &)L BIE SN2V (R
UAXFIAFLURBEBHERY T LZ L 73— O)NH5 T L2 RE LTS,

« FEEZAOR VY CNT 0 CNT 865 L TV D 56, 7 U — 72 (BiE 2> b eI il L72) CNT(X 1 @
A X B)OFEH H W O DFFETIR®D STV S (Bello et al. 2010; Schlagenhauf et al. 2012;
Methner et al. 2012; Golanski et al. 2012; Huang et al. 2012; Jang et al. 2014; Jiang et al. 2014; Ogura et
al. 2015), 7=72L. EEMLFHMIZH £V RS TR,

«CNT O KTy FRIZBITA0EARENEW(Z VR Y Yy MNTHZED Lo T0B) B0

DFiH, CNT 23FEH LoV i 7] 23 & 5 (Golanski et al. 2012; Ogura et al. 2015),

- BHELEIHITIX, CNT OIRIMOFEEIZ L HFRFIFAEL, T b DR IREOZEIIHHE T2
WA %0 (Wohlleben et al. 2011; Bello et al. 2009; Schlagenhauf et al. 2012; Géhler et al. 2010;
Golanski et al. 2012), > F— X—Cf D bR O HEH 3 E Z 5 (Koponen et al. 2009;
Wohlleben et al. 2011; Huang et al. 2012; Ogura et al. 2015; Heitbrink & Lo 2015),
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- WEEECUNH 72 & CEBEBNAE L D56, MRS OERIZE DT/ A DR OFRAER Y
9 % (Bello et al. 2010; Huang et al. 2012; Ogura et al. 2013&2015),

FILEER

c BRAMRIZ K 2R < AT TV 5, SIMRIZTIWEIIE DIGG . SRAMRIC K - TR
HET2LZ L2, CNT 87 Rm~#EH 3% (Nguyen et al. 2011; Petersen et al. 2014;
Wohlleben et al. 2011&2013; Vilar et al. 2013), 7272 L. CNTIZF D% v U —7 &I LY. H
ORPEHITER D AL TW R, — 7, SIO R F DA, HEHAFE® 51T 5 (Nguyen et
al. 2011),

BN OBRE &R

K E FEE RSB ILSI (International Life Sciences Institute) 7% == {# 3~ % “NanoRelease  Consumer
Products” 7'm >’ = 7 I http://www.ilsi.org/ResearchFoundation/RSIA/Pages/NanoReleasel.aspx Tl
MWCNT R Y ~—%Z %5 & LIZiHiZ 1T > TR0, Tiio@mEN I Tns,

+ Phase 2.5 Report
http://www.google.co.jp/url?sa=t&rct=j&g=&esrc=s&source=web&cd=3&ved=0CCOQFjAC&url=htt
p%3A%2F%2Fwww.ilsi.org%2FResearchFoundation%2FPublications%2FNanoRelease%2520Consu
mer%2520Products%2520Phase%25202.5%2520Report. pdf&ei=9L mTVdDBIoTXmAX030PAAW& U
sg=AFQ]CNGuhXJbPqYDHWASHYt-nZvrNkX3-A

« Froggett et al. (2014). A review and perspective of existing research on the release of nanomaterials

from solid nanocomposites. Particle and Fibre Toxicology 11, 17.
http://www.particleandfibretoxicology.com/content/11/1/17

- Kingston et al (2014). Release Characteristics of Selected Carbon Nanotube Polymer Composites.
Carbon 68, 33-57, 2014 http://dx.doi.org/10.1016/j.carbon.2013.11.042

« Kaiser et al (2014) Methods for the Measurement of Release of MWCNTs from MWCNT-Polymer
Composites.
http://www.ilsi.org/ResearchFoundation/RSIA/Documents/Methods%20for%20Measuring%20Releas
£%200f%20MWCN Ts%20from%20polymer%20composites%20-%20monograph%20version. pdf

+Nowack et al. (2013) Potential Release Scenarios for Carbon Nanotubes Used in Composites Highlights.
Environment International 59, 1-11, 2013.
http://www.sciencedirect.com/science/article/pii/S0160412013000834

« Harper et al. (2015). Measuring Nanomaterial Release from Carbon Nanotube Composites: Review of
the State of the Science. Journal of Physics: Conference Series 617, 012026, 2015.
http://iopscience.iop.org/1742-6596/617/1/012026

i L LT, k3o NanoRelease 711 = 7 b B OME DI FReDm XA d D,
« Schlagenhauf et al. (2014). Release of Carbon Nanotubes from Polymer Nanocomposites. Fibers, 2(2),
108-127, 2014. http://www.mdpi.com/2079-6439/2/2/108



http://www.ilsi.org/ResearchFoundation/RSIA/Pages/NanoRelease1.aspx
http://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC0QFjAC&url=http%3A%2F%2Fwww.ilsi.org%2FResearchFoundation%2FPublications%2FNanoRelease%2520Consumer%2520Products%2520Phase%25202.5%2520Report.pdf&ei=9LmTVdDBIoTxmAX03oPAAw&usg=AFQjCNGuhXJbPqYDHWAsHYt-nZvrNkX3-A
http://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC0QFjAC&url=http%3A%2F%2Fwww.ilsi.org%2FResearchFoundation%2FPublications%2FNanoRelease%2520Consumer%2520Products%2520Phase%25202.5%2520Report.pdf&ei=9LmTVdDBIoTxmAX03oPAAw&usg=AFQjCNGuhXJbPqYDHWAsHYt-nZvrNkX3-A
http://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC0QFjAC&url=http%3A%2F%2Fwww.ilsi.org%2FResearchFoundation%2FPublications%2FNanoRelease%2520Consumer%2520Products%2520Phase%25202.5%2520Report.pdf&ei=9LmTVdDBIoTxmAX03oPAAw&usg=AFQjCNGuhXJbPqYDHWAsHYt-nZvrNkX3-A
http://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC0QFjAC&url=http%3A%2F%2Fwww.ilsi.org%2FResearchFoundation%2FPublications%2FNanoRelease%2520Consumer%2520Products%2520Phase%25202.5%2520Report.pdf&ei=9LmTVdDBIoTxmAX03oPAAw&usg=AFQjCNGuhXJbPqYDHWAsHYt-nZvrNkX3-A
http://www.particleandfibretoxicology.com/content/11/1/17
http://dx.doi.org/10.1016/j.carbon.2013.11.042
http://www.ilsi.org/ResearchFoundation/RSIA/Documents/Methods%20for%20Measuring%20Release%20of%20MWCNTs%20from%20polymer%20composites%20-%20monograph%20version.pdf
http://www.ilsi.org/ResearchFoundation/RSIA/Documents/Methods%20for%20Measuring%20Release%20of%20MWCNTs%20from%20polymer%20composites%20-%20monograph%20version.pdf
http://www.sciencedirect.com/science/article/pii/S0160412013000834
http://iopscience.iop.org/1742-6596/617/1/012026
http://www.mdpi.com/2079-6439/2/2/108

aVRSy FOFEMICOIT

cCNT T/ MBt DO 2 Ry O FEMEZ G L7ZAFFRIZIR O TW D2, FREd X 912 CNT
aRYy SO OFEMNIZ. CNTZOHD LY HIENE VI FERNME SN TN S,

- Mikkelsen et al. (2010)(Z & % in vitro SERTiX, /=7 4 7 VER K OIEGHE A ~ O
BIZEBHZANL, I—HRr 77 v 70Ti0, L0 EEN/NZhoTz,

- Wohlleben et al. (2011)i%. AU AF T AF L > +CNT & Y /72 LK% hardened cement paste
(CEM)+CNT & D /72 LIZDOWT, ENE N OWFEE DEEFER) 2 /K I L, FRRL - A2 bR
L7tk 7y bORENEGRBREIT -T2, BFERIC L 28T, CNT IR H v /17
TEPRS RV AF VAT LU DOEBEORE ST TIORHN—R T T v 7 X<,
CEM OO KX XL, TiO, LIFFFRETH -7z, Fio, TXTTBWT, EOKRX X
X, CNT 2D H D X0 K- 7=,

- Wohlleben et al. (2013)i%, ZARHEMEARY 7 L4 7 3 —A+CNT & 0 /72 L OEEFERIZ DUV T,
AR 235 U F 2 HifE F k2 FLER K BRER(LDH) U B R O F v B Y 7RIS X 0 7l L
7223, CNT D&V 72 LICh b b7, fMlREEERES bhvieh o7,

- Gingetal. (2014)IZ LA =2 W= BRCiX, 7V —D7 2 /b MWCNT TI3AEFENME T
ZOIZ% Ly MWCNT O 2 b MWCNT DR 7 (LA Ry b (RIS 14)
DML TlX, BERRBD NIRRT,



£1 ARy MPaA—T 4 U TMEDT / MHEHOBEH
Xk (Zks JotR beXill =8
YRSy LCNT) 2*h=hLTRER
<& > MWCNT & A D% 7/ ki O e )Y SMPS
Guptaet  * Epoxy/MWCNT (50-70 nm BFEE SMPS, CPS,  CHafH, CNT DZEx 7= K& 274 TEM
al. (2006) )0, 1% (hand-held OPC, THEIE,
' e sander) SEM, TEM,
Raman, IR
HE K% DN <S> Cutting Tix CNT Db 572 L CREIZENS
* CNT-Alumina hybrid A kO FM;s Aps. S ZU—ARCONT 2D/ R, K& 7RkE
composite (epoxy, alumina % f1(dry and anre oy FITAFRE L7- ONT IR s had o 72,
: CPC, By LA

Bello et fibers, and CNTs) wetcutting =1 o ggy 7 Drilling TiE, 7 U =R 7 m oo
al. (2009, - CNT-carbon hybrid (band-saw and u+ﬂRBP’ XD CNT 2 5 2 5 — OHEH S B8 S e, =
2010) %mﬁﬁgﬁymmm rotary cutting WL@K VY Y R OB kY 2 E— 7 (<10nm

' mizal), €y ICP-MS KIS LT
- Samples without CNTs and wet solid (WRASS) -
core drilling)

Cena & v <& > CNT OZEEH= 7 a vt A Xk 134k
Peters - Epoxy/MWCNT (Baytubes) (Manual OPC,CPC, M, 7V —72CNT OEHx72 L, F kit
(2011) sanding) TEM BTNy 7 7T REEDLRN-T-,

. Polyoxymethylene/MWCNT *jktﬂﬂil?%&iiki 7;\/‘&4} X‘o - U b‘@-j—/
(Nanocyl NC7000) <5wt% <t 7 4 7 —DHEHITRD 6hf;§>o oo 77
. B BE = £ T =D D7 LIC L DB ORIINDA
hileb Hardened cement XPS. SIMS -

W’ﬁe paste/MWCNT (Nanocyl (Sanding SEM. LD, EMEVER BT, cement/CNT o
(nzgtli)'- NC7000) 2wt% machine)  Aljc gupg  Sanding T CNT %8 ki 72388, — 7,
Hirth el[ + Hardened cement paste/ Polyoxymethylene/CNT TiL, £®D X 5 72k

al. (2013) nanosized calcium silicate IFRONe DT,

hydrates (CSH) 4wt% PEEE — F ) arRY Y REFEOL T LU AL THE
+ Polyamide/SiO, (Aerosil (Taber EEP; W7otz HEHRL 71X, Taber Abraser
R8200) 4wt% Abraser) machine [ZHIKT D1 & B D,
Ui JE_—— 7 U —72 CNT OHHIERD bhignoTz,

Wohllebe ; <K HRLT - . v . N
netal. - BAETIMERY v g éiiﬂ‘.’é’é? pesely>  CONT BREHTHIT b SNAh T,
(2013); /MWCNT (Nanocyl R ' SMPS
Hirth et NC7000) 3wt % (faber XPS, SEM,

al. (2013) Al LD, AUC

<> PEHRIF 13, CNT DG HH Y 72 LIZhhb b

Schlagen | JERE FMPS,SMPS, T 7 I7mrhbIsnsf A Tho

hauf et al. %ﬁymﬁTIﬁymm (Taber APS, SEM, 72, CNT M™ZEE 7RI 72Nz T, 7 U —7
(2012) P)0,0.1, 1wt Abraser)  TEM(ESP),  CNT M UMz mEEfkds TEM BLACHER S

EDX 7.
CNT & A OB K OEEFEER B o s £
VN, BRI O F RN EE 1IN 2 1R 25 R
LT, EEURE ORI TIX, 100 nm #
*Epoxy/MWCNT (Baytubes L i & 500 nm~5 um ORLD E—2 AR BH

H 0o ) HF R Teo /INEST2T ) YA ZRIAITERIETH Y | B
uang et 0,1,2 3, 4wt% b SMPS, ELPI, s+ LEZ LN, BRI ORESY

al. (2012)  -commercially available (sanding) TEM(ESP), gﬁq:j:jﬁ;: f% i1z &i%? oi%l~1jfn?é£

produc;[s: Epoxy/CNT EDX, SEM S OEIE IR E T BT YA L Y
(<1 wt% ) and carbon fiber Epoxy |2 CNT 782 % 7 3 & 11 29 1 KOk
TR STz, CNTA% DY TV TlE, 7

U —72 CNT b8l S LT,
. ) Taber abrader 12 & IR e TIE, AY
FEFERUER : Polycarbonate, FERE, [ls~ <=M b® CNT R R b7 (20
 Epoxy and PALLpolymers - 5+ s BT B L7 ONT AEIC k7 o 7S

Golanskl S - Eac/MWONT (e AT gyvips Erpy T L E S ATHEREAS )., R T A

etal, IR s Abrader, TEM(ESP), Tk, Epoxy = kU 7 A ~D5HhE o #E
(2012) 0.8%wt B0, 4571 Rotating steel (ESP), \ EPOXy 7 o
' g EDX, SEM  CNT 2350\ T2, CNT OBk B4 7
MWCNT OF% 12 nm, “F-#) brush and ’ N ) 2 —o
§1W1i . engraver) %< DEPA. CNT OEHEDH 72 LT, HEHkL

T ORISR TdH o7z,




RYB—RE— b, Y T3

K#Z'tb:l_sc K. AU ZF L L /MWCNT
(2012) (Baytubes C150p) 0,5, 7.5
wt%
Heellrzla . Epoxy/MWCNT (Baytubes
(2012') C150p) 0.5 vol%
« R U AF L /[SWCNT
Oguraet  5WI%EZH, 451K
al. (2013; - AU AF L > /MWCNT
2015) 7.5 W% L /3,
c RUAF L (CNT 72 L)
- Panel A: Epoxy containing
graphite fibers
- Panel B: Epoxy containing
Heitbrink graphite fibers and
& Lo cabon-based mat
(2015) - Panel C: Epoxy containing
graphite fibers,
cabon-based mat, and
MWCNT (50 nm £%)

aAVROy FONF) AB=hLTARER

Methner
etal.
(2007)

+ Epoxy/CNF

Methner
etal.
(2012)

+ Epoxy/CNF

AVRTy F(ONT) EeToERET

Nguyen
o1y, EPONY
I§eter5()e,n - Epoxy/MWCNT
etal. * Epoxy/SiO,
(2014)
i * Epoxy
Ging et ]
al. (2014) * EPOXY/MWCNT Iwt%

- Epoxy/amino-MWCNT 1wt%

FicA
(shredding)

GIH1
(grinding)

A
(Grinding)

BlWr(band
saw), ffFBE
(sanding)

(Wet saw
cutting)

BoEl, w=en
(Grinding, wet
saw cutting,
machine
sanding, hand
sanding)

SROMER,
Do &

MR, K

<ZHi>
SMPS, APS,
SEM

<ZHi>
CPC, SMPS,
ELPI,
SEM (ESP,
ELPI)

<ZH>
SMPS, CPC,
OPC, SEM,
TEM

<ZH>
FMPS, APS,
Carbon
analysis,
TEM(I&fifin
), EDX

<ZHi>
ELPI, CPC,
DC, LA
#t, Carbon
analysis,
TEM(ESP)
<ZH>
CPC, OPC,
T A
Carbon
analysis,
TEM (V7 fiits
)

<FKH>
SEM, TEM,
EDX, XPS,
FTIR, AFM,
Weight loss

<F >
XPS, FTIR,
SEM

BEHPRL - DRI 534 1%, 50 nm Kfiii & 1 um X
D RE BT ORI DG3H M &I 7o,
CNT OEHEH V72 LICL > TREL EBb b7
Molz, SEMBIZICE Y, CNT 25T/ 1
VA RO~ b Y 7 RRLTDIWERR S LT,
7 U —72 CNT I8 S o7z,

BT Ira A XORAYEHN ETH -
77, CNT REEH R a8l sn-, 7V
—® CNT I3 &N e 7z,

CNT O&EFEH Y 72 LIZonb b9, /94
ADRIANBIHAE, BERFIF—ET =2 —
Z—TMEAS 5 L7 725 DT, BEEATHE
LR AF L UHERORFEEZ LI
72. SEM, TEM #BlZIZB\ T, B CNT
TiE. CNT BEE I 7 n YA XADRY
AF L > DREFT DB 72 DRI 1 3 Feas S iz,
25458 CNT TiZ.CNT DEHER & B b BhkE
TR S NIz,

TEM BIZOFER, 7 7 A /X—3/3% /L C DFF
BEDREZ D B S 7z (REE T, 4.3 KTV 290
fibers/cm®) (GRA&E T : B8% 5 < CNT T2\,
BN S, Z2< DUV KT T 7 A RF0
HAE,

Wet saw cutting DS, 400 nm X U K& Zeki 1
DS K OF Total carbon J2EE A E& L7z,

B CNF R OF DR Fb, EER) E52
hiz

Epoxy/MWCNT D43 f#i%, 72720 Epoxy <
Epoxy/SiO, & WiEh o7z, < b U 7 AD43fiF
LD, T 747 —ORE~DOERHB RS
iz, SIO I ITRE DI BIZR S /=23, CNT 135%
HCHERTRy N — I fEEZIER L. X
RBOONRINT, Ry MU —7HEED CNT
1% Epoxy & 0 Do 22 & 18- T2,

HABIZ LY, CNT AFmICEH




Wohllebe
n et al.
(2011)

Wohllebe
n et al.
(2013)

Vilar et
al. (2013)

Jiang et
al. (2014)

o8

ARy

Raynor et

al. (2012)

+ Polyoxymethylene/MWCNT
(Nanocyl NC7000) <5wt%

+ Hardened cement
paste/MWCNT (Nanocyl
NC7000) 2wt%

+ Hardened cement paste/
nanosized calcium silicate
hydrates (CSH) 4wt%

+ Polyamide/SiO, (Aerosil
R8200) 4wt%

CBARTEIMER Y L&
/MWCNT (Nanocyl
NC7000) 3wt%

+ PA6

+ PA6/MWCNT (Nanocyl
NC700) 3%
non-compatibilized

+ PA6/MWCNT (Nanocyl
NC700) 3% compatibilized

+ PAB/SiO, hydrophobic

+ PA6/ SiO, hydrophilic

« RY RAF L ISWCNTO, 5
Wt%

I (CNT LL5})

polypropylene resin
reinforced with/without
montmorillonite
nanoclay or talc

a—F 4 > J (ONT UAY)

Hsu &
Chein
(2007)

Kaegi et

al. (2008)

Guiot et
al. (2009)

- Wood plate coated with TiO,
* PET polymer film coated with
T|02

+ Tile plate painted with TiO,
paint

B OINEEIZE b A
BB TIO, (4T L)/ T
13720)

Fabric piece made of a PET
layer coated with/without a
PVC layer with/without
nanoclays

«

hix

IR HY BEAE
(shot
blasting).
ik
100°C10 A,
350°C1 HfH

TicAz
(shredding
(granulator))

EXAE Y A0)
T 7
JEL, JERE
(UV light,
Fluorescent
lamps, wind
erosion (fan),
scraping
(rubber
knife))

I & B
H (natural
weathering)

JEERE
(Taber
Abraser)

<FH>
XPS, SIMS,
SEM

<FH>
XPS, SEM

<FKH>
SEM, TEM,
EDX, FTIR,
TGA, DSC,
Weight loss

<PEERERY>
SEM, TEM,
Weight loss

<ZH>
FMPS, OPC,
CPC, DC,
C At

<& Hr>
SMPS

<{EH>
ICP-OES&M

S, TEM,
SEM, EDX

< H>
SMPS, CPC

Polyoxymethylene/MWCNT Ti, #& £ - 7=
CNT MEmICHEH LT L P TIE2R
), Polyamide/SiO, X O A hDF /) =
ARy MTlE, 7/ 74 73R E & F
> TV,

FREFEFRIIZ IS U C, CNT 2ARmICEH, Kb
D OEETE, 72 LOBEITHAT, 3fF0HE
THRYU~=—0WD, B LT STRIEED
CNT (F. KIZIR T Z & TIdHEE &g o 7z,
B D 43 f#i1. compatibilized CNT Tl & v 4>
72735 T2y CNT JO* SiO, 13#5tE D43 il L v
R ~E& .,

CNT NEXH - 7Y f ROk T LT
I A XD CNT BHERI A B S
720 350°C CHIL BTG A, MBERMESKT
L. Ki7o3A 08, wERESea—7
RO CNT BBIE Iz,

LT, BAER FEEIIMK)» T, T/ ~T
VT IVNEEENTND E XD, AR
& T2,

Wood/TiO, @ UV+ wind+ scraping TlX=EIZ
50-150 nm DORL{- 233842 L 7=, scraping 23720
LEITRENRD L=, RRSMAIIED D
72735 72, UV light Tld72 < | Fluorescent lamps
DE . REITHEEITES, Ko T UV DR
ENEFIC R & < | scraping DA Tk 13 £
D RALIRWE ERNS o7, PETITIO, KX
Tile/TiO, IZFB VT, UV+ wind+ scraping (2 X
D 200 nm KV /NS RN EICHEH LT,
Tile/TiO, 13hk bR FHEH A 2 < (2 RHEZE TH
FEARDHIN Ul 7=,

AW DAENS | NI & D Tio KL+ DIt
HiE - VEHE SRS ST,

Nanoclays 2372 L C % 80 nm &% Huls &9~ B hL
FOHEH AR 5 7=, Nanoclays 7233 Y DA
(i3, REIFE HIZE <, 50 nm FEE L L
T OWEWIMMB A 57z, ZiE Nanoclays
DY A ZZx LTz b D Th o7z,




Vorbau et
al. (2009)

Gohler et
al. (2010)

Koponen
etal.
(2009&:20
11)
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etal.
(2011)
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(2012)

+ Two-pack polyurethane
coatings with/without ZnO
(fiberboard plate or steel
panel)

+ UV curable clearcoat
with/without ZnO (fiberboard
plate)

+ White-pigment architectural
coatings with/without ZnO
(fiber cement plate)

» Two-pack polyurethane
coatings with/without ZnO
(steel panel)

+ White-pigment architectural
coatings with/without ZnO
(fiber cement plate)

+ White-pigment architectural
coatings with/without Fe;O5
(fiber cement plate)

TiO, NP <2 Carbon Black, SiO,
% & e paints

+ paint with nano TiO, and

CaCOg

+ paint with pigmentary TiO,

and CaCO,

+ paint with CaCO3
+ paint with nano TiO, and

pigmentary TiO,

o722 & @ PVC fabric
containing nanoparticles
(industrial fabric),

JEEXE : Paint coating
containing with SiO, 35 wt%
(—RRITFE 12 0m) Sk
TE<=arhr—nanT
20,

JEEFRE
(Taber
Abraser)

W I
(Sanding
machine)

W
(hand-held
sander)

=% Oz
FUEEFE(Wet
abrasion
(Elcometer
1720
abrader), Taber
abraser)

VomE, B
#E
(Metallic rake,
Taber abrader)

<ZHi>
SMPS, CPC,
SEM, TEM
(ESP),EDX

<FHA>

mass loss

< Hi>
FMPS, CPC,
OPC, SEM,
TEM(ESP)

<HAw>

mass loss

<ZHi>
FMPS, APS,
ESP

<>
LD, SEM

<ZHi>
ELPI, SEM

<ZHi>
SMPS, ELPI,
TEM(ESP),
EDX, SEM

PEHRI DB BE, IR —T ¢ U 7Tk
FETEMN, /747 —DOFRMEBICITEREL
o7, TEM&EDX (2L Y. F R+~
kU 7 ZNZHLE > TIRBED K & 7R BERRERL 128
BEINTE, BELEYTI 20 KON/
P A ROTT 1V L OPEFEITIEF I o
T&E 7ol

WEEIZ L 0 mBEOT /R ORENRLLR
7=, FIOMBORMOH 27 LICLA2AE
RFEERD bRN ST, S RTFR~ b Y
7 ANTHLE o TR IE D BEFERL T VB ZE S
77

F 7 4 T =Moo TH T 1 Y LD
SEWRIT O TN LB b Lz o Tz,

BREBRICB N T, Y737 k3o
U A RORIT R &=, S oA X
DR OHEHIZ R SN Te o 7o, TR
BT, 37370 kO s A R
ORI iFb TNz Lo sng, /%A
AXORFOHEHIT R S 7e o 7-, SEM #1122
WZED ., 7V —ROHE L7z TiO, F / ki 1o
PeHEm Ak Ove AL B ST, Tio, 7
JRiTIE, B~ N 7 R ESTFEFO
XoThotz,

VDo MXITEY | F7RFEADOMTBNT,
T A ORI OHEH D RS iz (F A 78
LOBARITZE A ERGRT), BEFERRICE
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RO o7 s, AFEE(sanding) 0 L vV EE
FERFC W TCIE, T OV L 7= Sio, Dk
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APS: aerodynamic particle sizer, AUC: analytical ultracentrifugation, CPC: condensation particle counter, DC: diffusion
charger, DSC: differential scanning calorimetry, EDX: energy dispersive X-ray spectroscopy, ELPI: Electrical Low Pressure
Impactor, ESP: electrostatic precipitator, FMPS: fast mobility particle sizer, FTIR: Fourier transform infrared spectroscopy,
ICP-MS: inductively coupled plasma—-mass spectrometry, LD: Laser diffraction, OPC: optical particle counter, SEM:
scanning electron microscopy, SIMS: secondary-ion mass spectroscopy, SMPS: scanning mobility particle sizer, TEM:
transmission electron microscopy, TGA: thermogravimetry, TP: thermal precipitator, WRASS: wide-range aerosol sampling
system, XPS: X-ray photoelectron spectroscopy
MWCNT: &g —R>F/F=2—7, SWCNT : gl —R> )/ Fa—7 CNF: I—RoF /757 A 3—
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