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1. Measurement Standards for Nanoparticle/Nanowire Sizes and Functional
Properties :
(1) Establish reference TiO, nanopartiles :

This project finished the physical and chemical characterizations for
Titanium oxide nano particles, which is included morphology, particle size,
composition, pH value, conductivity, and Zeta potential. Additionaly,
the repeatability and stability were completed.

(2)Measurement Standards for Ambient Suspended Nanoparticles and
Specific Surface Area :

The instrument, standard operation process and measurement equation
of BET system were estabilished. The uncertainty sources of measurement
results were evaluated and traced to Sl units, including volum, temperature,
pressure and etc. The calibration service is ready for the surface area of the
nanomaterials.

(3)Nanoparticle/Nanowire Functional Properties Measurement Standards :

Completed the instrument calibration procedure (ICT) and the
measurement system validation procedure (MSVP) of Zeta potential
calibration system. The system can now provide calibration services with
uncertainty values of suitable traceability.

2. Measurement Standards for Thin Film :
(1) Thin Film Surface CD Measurements and Characterization :

Completed the calibration of atomic force mircorscope (AFM) and
scanning tunneling microscope (STM) with measurement range of sub
nanometer scale by the lattice constant of highly ordered pyrolytic graphite
(HOPG). The clear image periodic lattice structure with lattice constant of
0.246 nm can be obtained throught appropriate fast fourier transform
treatment and scanning parameters. Besides, the measurement uncertainty

caused by image drift effect was also taken into consideration and the drift




raft rate was evaluated to modified the measured results. The repeatability

of measurement 5 % had been evaluated.

3. International Standards for Nano-Measurements and Nano-Products :
(1) IEC TC 113 WG3: two standard projects in progress

a) A new work proposal, IEC 62607-4-4 " Nanomanufacturing - Key
control characteristics - Part 4-4: Nano-enabled electrical energy storage
- Thermal characterization of nanomaterials, Nail penetration method | ,
had been approved for new working item at 11/08 ( ANW).

b) A technical specification (TS) project, IEC / TS 62844 " Guidelines for
quality and risk assessment for nano-enabled electrotechnical products | ,
proceeded to the Draft Technical Specification (DTS) voting.

(2) Taiwan Nano Standard Council (TNSC):

a) Working Group 1(TWAZ1) has two standard projects :

1. published: Publication number TNS003-2013 " Nano Technology -

Vocabulary - Part 111 - carbon nano body ; (traditional Chinese version
of ISO / TS 80004-3:2010-Nanotechnologies- Vocabulary - Part 3:
Carbon nano)
2. Techinical working area draft: Cultural draft ISO / TS 80004-1:2010
Nanotechnologies -Vocabulary-Part 1: core terms > harminizing with
ISO TC 229 project
b) Working Group 2 (TWAZ2) has 3 standard projects :
1. Draft Council Standard (DCS) : " Nanotechnology - Determination of
indentation film materials - nano-indentation test machine |
2. Two new working items proposal: guidelines for quality and risk
assessment for nano electrical product, nanotechnology - particles
monitoring system in liquid phase.
¢) Working Group 3 (TWAS3) has one standard project:
1. working draft (WD) : " Nanotechnology - Liquid particle size
measurement method - electron microscopy |
d) Working Group 4 (TWAA4) has one standard project:
1. Draft Council Standard (DCS) : " Nanotechnology - Material
specifications - nano indentation guidelines
e)One Taiwan Nano Standard Council (TNSC) meetings and two working
groups (TWASs) meetings were held during 2014.
( 3) international standards organizations operation
a) Coordination of experts to participate in ISO TC 229, IEC TC 113,

v




VAMAS international nanotechnology standard meeting: 9 experts;
participating about 40 draft standard projects.

b) TC 229 resolution: to establish internal alliances with ISO TC35/SC9 and
assign ANF representative as the outgoing liaison officier, expanding
Taiwan’s TC activities to TC35/SC9/WG2.
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2T R A4o®E B R 7S~ 3L F 5% % (National Physical Laboratory, NPL) ?;U&] PTB~ % *
1% 73+ £ Fx(The Istituto Nazionale di Ricerca Metrologica, INRIM) & - 734 ¢ 1 4% i
& éiéi’ﬁ ERALRGEE P EBELEE ITH ERIGIHA KPS T £ 2

AR AT Rendiv LR 2 BT REM 2 -

(E)RRHIL

1.

B 7520147 K RIS B RIFEFEE

67 16 p B Amiebfin® 17 €R'E ¢ R B7402014 2 5 2 R RE
€ 1 2 ¢ NIST(E ®) - NMIAGE ) ~NMIJ(P #) ~ NIM( =% 1) NML(?
EAR)E SR REFETIEFEEHmA A ERPUNF RE - HEL P 2R
RAL o £ 51 RALF 0 114 A = i o
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2014 » ‘} ‘LJ“‘ = PR % F‘*j‘ €% RER

(2) %4 2014 5% F FLHE
AR 540100 23 4p o0 e - AgRRan 2014 S8 N PEE
BBEE AL FEBEEREZ T \/‘fg;{rj;,{{zr:}.%mvy_w&fgo

Fok THRTNE 1R 4 WICE KBS )

O W - = =N kil
L B Bl R S T ~ A
AN Bl
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(Z)%~ A4
LEp T 230
1) c#<FLTAELEERG > FERF LA DR L+ Fh T+ BAcs 1 (103
£171-103£6"):

MR T RMBATE T RN g R R 2 B BRI F BN G B R~
* (ROLED) 11 2 #f41%302 AlQ3 & F 43 d + » H37 £ B ehi®? > pldo s ¥ f5
204060~ 80 4~ 100 NM jeet 4 pEd R § 0 X K o B 5 FI 0N E
oo B BEY o EAREd WA - B RET F AT 0 P 4@ OLED B 5 AR
it R oM me B2 AP 2R BRI EE TR A ER ez
&g o % %% 4 > Organic Electronics » 15 (2014) 785-791 -

(2) =7 A FHRPE ML ME S0 F8E A Iz F e RIHFT 7 (103 £ 1
-103 & 12 % ) :

SHAEFETAME B Y RS 4 B cst(Atomic Force Microscopy, AFM) £ iR
dpmre o gEd Rl omE 7L 2 (EVTL) et H A -9 (VPL)fr P-selectin
glycoprotein ligand-1(PSGL-1) -9 B2 B ehfadp+ o j2ag+ & EVTL g 4 4 g enis ¥
SRRt p AR p e XE S K WA VPL{rREHPSCLL v TV
WA E Y AFM EF £ 2 B 2 b o p i RS 4 BRSO E B Y BRI A
Fov WenfRagEd o BplE %H MALR L o PSGL-1 (46, 48F)chfEdrd pooBE X pR L
PSGL-1 (48, 51F) 2 % grpa i+ PSGL-1 (46, 51F) - gt FEipd | § fRIRpL-S1 AL F P OiRpL
Bk @ R ALEL I PE 0 € @ @ELEL 1 PSGL-1 fr VPL hF Ll p AT R 0 B4R
PSGL-1 $f VPL e — {37 % o Fpod hp=§ (840> JEo 1200 g fe-B1 frp it endf
Fooo TG 5 K EVTL R A A STl S o

@) P EFHPITRALAEREF » 58 E A3 501 XRRIXRD £ {7540 i £
Bl AR 5 (103 2 1% -103 & 12 7 ) ¢

L E R LA R R X saF sk (X-ray Reflectivity ; XRR) £ | %
A % % d(high-k dielectric) s XRR £ 3 35d Xk &7 b T+ H A HFEA 6 F
¢ A2 F SpengFp > £pF B X ke F sk o 0 B high-k § & E e
PRFE Gl R R R R ERR o F BRS R PR H#3 B R 1 {8 rhigh-k
Z 3 VEEHFO) - R RT - F v (SIO) E R en i m & o & A4 (Hafnium
Silicate) 15 & #5E F 1T VB BB e A BB o b $MEAEE R S 1.20m 2 250m
0= F Y4580 i & K %2 (atomic layer deposition ; ALD)# # % P-type (100)
ALY o HERE A6 KO M H - X HMF SREFAST 0 FRer 758
@ =+ B¢ pc4 (transmission electron mlcroscopy s TEM)2 ¢ =+ &t £ 45 £ ¢ ¥ (electron
energy loss spectrum ; EELS)¥p] » % % &+ 2 high-x 1 € & 2§ 1 B B85 - &
GoF T g0 T i (7 XRR AL B A 7R L4 e 4P S egR & 0]
HBERERR -
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(4) £8FH S FHPFL AL 4 R » 28 3wA 5 2 XRRIXRD i (7 & 94D
B8 R HpFT 7 (103 # 1 7 -103 # 12 7)) :

SRS B E A FEGEFE AT W 8% 5 (low-k dielectric thin
filmie 7 @I M F e o P o L A L5 ¥ ¢ * » § A(Silicaysni 41 § & H#
(MRE=B9) BFFEFBRIFRESGIHIHET LA AL P B oKD
2.2-23 =+ (B Fr IU ML Thdp R MAT N TE AR R AT o At ) s R K

AR FEHEMET R EBERTFE > IR AL BEEEZE FRPNREE Ty
oo s X BARFSRE G ERG O BT FF M blak e Fop
WHRRERLORTREE > BB MG T - g ER R E R 2T Bic(Gauss
function) & 4 #-#% ~ 47 (Curve fitting) » & fiz & Kelvin’s equation > # & 3| j& %31 j5 e %
+ % &R MA T MSQ ENCH % ;}'"Lrﬁ Z 4% XRR & N7 o
FIRMEFRIVEY 10%Hk 3 2 40% > H3Lied 95nm#E < 1 10.23nm -
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T~ = RGP et
-~ EARRFARZ A RE R RNREE R T
(=R 7 #]
(=) 24T 545 ol
QP 235 45483 1 10nm~100nm - CV<15% -
QE BRI & F IR 2
BaEFE AT HBBRSAITEEFREAT A ANRTE iju{%%é‘:mﬁ—? K3
AERA e adrad s HY BRI BN T rlapk o adr R4 B3 o
AR o 7 ﬁrj FLABEAS B E L ETE BT RT T o bR BRI -
Tiﬁ,j\?’ Ej‘j}%"‘*"ki&k’f‘\' X- ,!ng_k,-j-rn" \ﬁ—s——}f‘—-)- = ,'{;‘?" l‘f_ﬂ 7‘}3‘.’3‘ Fé‘*rﬁm#iﬁ
FRLETHE MYV EETE O T A2V EREELST > gz

N

075 % S8 Fl 3  SEM it 5 A2 puipl o £ 2 DLS i 7 AE

R)F E2sxFopiP:
FHAAEES L ERE 22 277 £ WM IR R R 2 501S0
% oF HhTiRik € TC 229 -~ OECD (Organization for Economic Co-operation and
Development) # & R % 1 % 2 2 25 (40 % ® National Institute for Occupatlonal
Safety and Health, NIOSH)$%2% 5 2 o #1153 54 # 78t 2 oF Fpram 3 & B
BEL2WAAPMF LAY ER 0 REL ERHEE A B e E%i£ﬁ+*ﬂ
#+4 ¢€ 3% VAMAS (Versailles Project on Advanced Materials and Standards) ~ % &' %
4 F e 2R 7 %1 IRMM (Institute for Reference Materials and Measurements) ~ #
Ev‘] NIST = B4 i L7 K HPERESFT & T2 B9z F R ORE v o K35
¢ 3> FY98 = & 100 nm I 500 nm =& ¥ ¢ J:ﬁ;.ﬂﬂ?i » RN L EBRAAEEPN A
%wﬁm*%L+%¢K*%? EgE %ﬁ%+£§%:§ﬂﬁﬁéﬁﬂﬁ#
o 3t FY101 i ISO Guide 34 » B 4238 (747 3 Bhid oAz > 2 By K k3 2 RIRE
WHEE CFYI02 E Az F F L ERERFEE o PR TRAP 2 A HRTE 2N
ﬁﬁ@ Feoff g mg R2 222 05 ERHEE SRS - R - FY103 £ 34
S 1 l%ﬂ‘ﬂ—%n‘“ﬁ%ﬁ’? CRENRFIFISITLRE A HBRL R sEE
Rl s g% Frl-R2 220k F 4P T2 RELE ERIF5
FE AR 2 dpo bldet 3 515000 FYL03 8 B8 H 485675 2K 41 &
SR 2 LI T Y o
(Z) dder v dafmEmingy
(L)F#: BRFRI0mMYg % 200m?g; Bpl i3 A= 5% -
QE RV HFIRES 2

PE PR 20t G fFE R K S T &Ik (nanoporous) £ £ 3
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(macroporous » 34 f4 + ** 50 nm) - 12 % @ 3Lk (mesoporous » 3¢ 4 4 3t 2 nm | 50 nm)
Z_ ¥ B8 o A2 s ficen3t JF (4o supermicropores© 0.7 nm 3] 2 nm; ultramicropores> < 0.7 nm)
R BIF R BERG PN ZRE 0 P RERRERS RS RES e KA KRBT R
FRFE BB AeEm kg BT 0 Xk VR R o VRSN R RS EE
BET i 74k o B i B\ R S efg iRl T M PR R JRih™ 23817 0 » KA KRG
w2 o
OEREER-3-3-§ 2 3¢
%iﬂ#%‘ﬁ%‘i%ﬁﬁ‘i%%“ﬁﬁﬁpﬁﬁﬁﬁ‘%Qiﬁﬁﬁ
PRAERE B '3@?] AR R RR B o BOKRIEE E e 2 Ap B
AEEFBRERIEEHMNT R ML F LI AFTF TR N A S0 T
BEEP ~ 28 EHS AT frp M2 R 2 2 227 et 2 i ks » X
PEMAZ FEER Ry ORETE CERLF Ko
() 24k F2a T ER
(1) #H: ERFEF(—50~50)mV > 5 it £p7 A <10mMV -
QERI'GHEFIR 2
PR TR gy hZeta® BRERS > RN RETe ik
B P2 P& TAFRRBRSAARAEZ Bl UEFRETAPE
FIPEFAELE - BT bR gR e T hQE B PR R Bty
AP W R E TV A A e a2 95% % oK T L B IR R 5 2.7
MV A RBEFFEFAPRRSERT LATAPEHR 2 Flpm R * 2 K Fe

\\?{r

GRS £ R Zeta T ERALE 0 A kMrgE R Zeta T RR] k2 BRI
FHRIEFERDH BT e iR+ 2 Zeta R iniE o
()% % 2 ocg AR :
Zeta T = 5 TR RRE IR AR AR T T & £k , "’—’%%ﬁ“ 2%
B fER RS ABRY hF L AR UE ,»Ewg ]ﬁ];ﬁﬁﬁqz‘&j e ﬁgﬂ o A Sk

3

P Ak B R <% > (Environment, Health and Safety)4p B 3k 42 c0€ & 222 p B
Bt BRREL%E 12 Zeta T mBRER SEEL L P AT RS PE R
EAE o A REE G RE 2 T AR R AR )i;{ﬁ?ﬁ * Zeta T = E Pk B
ZRIARR  HHZeta T A RR AR TREE PRI TR PR B
ERAPRETIRER ORI L ERE KRR H L AR 0 2 T LA
KB JRAE o TR f PRI A P T E B B 2 R b PR FR R4 A B
A¥LURREFEAFELEL Ry -

\\Xr

[FERHGFAE]
(=) #d#F FITFFAUSN:
B2 AP a5 -3 &0 2 0@y "2 F FmRB-EE-% 2 PP 176K
P ik 2 K TiO2~ SiO2~ ZnO 5 AP & &}3} CIRB-EB-E 2 Al D R R R o



Lo BME R e s 1SO(International Organization for Standardization) % 5t $iwiksk € (TC
229) ~OECD (Organlzatlon for Economic Co-operation and Development) 2 % F % 1 % > &4
% (4% B National Institute for Occupational Safety and Health, NIOSH) #8322 » % o 442
%?ﬁ%%’# FHAABWTF L FRE RBEL 22 AMPAL2EVER - B ERHRH
B o o FL R R E ¢ 3R VAMAS (Versailles Project on Advanced
Materials and Standards) ~ ® B %% 4 & & € /& 7 #7 IRMM (Institute for Reference
Materials and Measurements) ~ # & & 73% % % % 3 NIST (National Institute of Standard and
Technology) # > B4-® & 247 b 2 A HF 2 %RFE ST F T2 BFERER vt g d o 7
PR T RE P a0 o B A ARG vtk A1 A B3 B hEERAT 5
RAEaz e g a SAM GBI ERY e ERY 0 UE AR BT R
e i
R A ﬁ&P%*+~?“ﬁﬁ%’ﬁﬁﬁﬁ%*%?’ﬁﬁﬁﬁﬁﬁﬁ*?%l
L ¢ 23R4T P FHREADIBERIET S S 7TTALKY LRI R
fé»*%ﬁ SRR AT RRERRRBRERER NI R AT RBEZENL T S
&R ’]”J%% WHEFRLSITHREYRFIER O OME AR EREETRE
fakk R & o B%x4cdk 1-1-1-

~=

94

3011l AR AL FTAH

Material Size CcVv pH BT R Zeta TiO,
(nm) | (%) (us/cm) (mV) k& B (mglcc)
TiO,-TC-30 | 31.1 8.1 7.66 £ 0.09 15.95 £ 0.60 | -26.2 £ 0.5 1.0

At B A E S B2 24§ VAR T B 1-1-1 rn > Bt (4B 1-1-2)iE 7
BRIZA D F e 2P T2 ok i S S AR BT pH E S A At
RRREEE ﬁx%é%‘gr} Bl r o ERREGRFIELLTSET 220 o fthe 73 B R
FoHe il F tgkS s BFERR O Aot 112

%0112 - F M aRS SRR

3 & A B C D
BR NanoAmor | Sigma-Aldrich | EPRUI NIST
7| A& Powder Liquid Powder | Powder
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B 1-1-1 3% * 4% &2 *F g(a) NanoAmor W 112 23 & npes EAB-C-
(b) Sigma-Aldrich (c) EPRUI (d) NIST D % w5y

AR R TS SR RIS R B SR AL SRR
B Al g g B fﬁd Frde 380 F B f AP R BT AT RE (T
SF MR AT o d T 3 F Z F VG S AR F o
BFR RGO AFEHER D F AR R 2 BORRFRR O 2L F T
oo LGB £ RR AR S liche R 113 977 o

B MAREFZZARFIBRUEEEGHITH AP SFAM P HFHEIT R
PRBBRFEA R o 2 6 L BF|T k2 ZHRFBR T HBERAITE LT F N RT k
jZos i pH BRI R(EH meter) & i3 2 ik R 2 KT REE -

% 1-1-3 - § S e aR ik

# 5 A B C D
B4 (g) | 002 | 001 | 002 | 0.02
Bk (ml) |20 20 20 20

AFFARPPLIFSPEZF K - F ARG FLRELT SR o Ft 0 kIR

& IFFH R 2 % (OECD)S 4 & Ak Wbl MAE S8 i /oA o~ 0t &6 ff o~ kT BR
o b A 2 RL KPS EREE RN D F MRS TR RESTRT .
R (T2 $4 P FQEF BALE R bldoF R TR AR T - 5 91 &
%”f P HFR R THEMEE A EGE B 1183 ARtk e d BIET Y
2K F Y4k 2% ¥ F AR S A (NanoAmor) Bl B £ ~ e+ A5k B0 @ ik A e .
M ¥ & B (Sigma-Aldrich) #2254k Pl 2 LR] > s+ » T30V H & 3 Ak s i) it
kAL e Fpt o d g T S A2 %% 0 4 24 & C (EPRUNE # 5 D (NIST) % € 2
£ -

e

EE
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B 1-1-3 7 * 2 % = ¥ i* 4x#+ 2% (a) NanoAmor (b)
Sigma-Aldrich (c) EPRUI (d) NIST

b DR A D F AR EAT > AT FRF T H B R A 72 (DMA)A TR
ERAH o THEBRATEIRZT T ZARFIZBRFH > CHBIH TR RSP FiF
PEd I HBREAER T 3 N E T ERERSR S LSF 5 B AoR 1-1-4
Ao d BIP FAYO AB Y 2K % b4k A 4 5 A10nm 3 300nm R OB %
#<(coefficient of variance ; CV);FKfL35% T 39%2 F o Am > AP E S EHS LR LS
PRER2ZZARF AR EAFI 100 N 2T o FPd BlP T UFR R GRS
A(NanoAmor) £ # & C(EPRUI) " fdiT h & o hts » L FH AT I BB L TH IR
AR BR > FEHRECE RN F kRIS AT R TR

(@) 24.1.nm | (b) ‘ 68.5 nm r
uiCV = 33.9% ; #CV =389% | .
1 . | |

= i i i 1 1

z | L | |
: el B v
© 33.4 nm ‘

} CV=371% | : *

I | | |

06 | } |

B 114 fi* 2R T2 ERF Y2 K% P oty
CVig & %] 5 (a) NanoAmor > 33.9 % (b) Sigma-Aldrich > 38.9 % (c)
EPRUI » 37.1 % (d) NIST » 36.1 %
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A EPER RSP HREL 30MM L4 2 R TR BB AT S T Rl
PPt b PRGEE ST O B RS ARE R R o T o PR ARALH
AT F e A ATHIG-AA B )0 TR ALY R AILEE 0 B AL B iR E o Bl A T
VLG FLRERT ST REAP R PARFENRNRLL T AR R
23RS S M R I U o bldeo 1 SEM LR H ¢F RARITRIA D AT dE
IS THERSITZEEELT  BEETFHRANLE G F 4355 (B 1-1-5) - & (s o
SRR ASRASAEERETH L6 2T P Fomrpdis%gEE1 v #3510
GUIDE 34 £ FR[1-1-1] » & 7 £ 0 fE L2 @HE R+ 5= PERIEL (0% il > &
PELRG  REHHRERRELT RBAFTEFEERELFR

31.1 nm

147e+08

5
=

di/diogDp (#cm? [e6]
o o
e o

o
o
T

e
5
PR S e R = S

- LM.‘.J_.J..._;

Diameter (nm)

Bl 1-1-5SEM £ 2 F = § taxkF AR er THER S fT2 EF D0 H

Y ISOGuUIde 342 24 H T EFT i FHEaPFFF2EFT i He 7 ik
Ab~ BRlAEA C WE S e G ERE RN g2 2 R (assure) Herd A
S PSR o T ETAIE P A EH R ;g#ﬁrwjj& *%'p\ ~EAN R

a) doiP i 7 RG] AR R EE 5

G eniEE (RS S R ﬁé)iq{w e ”)

b) %% 425

SELE S EA Sol - BT

d) 24 F FRIRAER 5 ¢ §oEFIURPRELA TR (FE

e) 7 HE TR

f) 4o RaE B 7ot RR AR 2 2R it

Q) FHEPEA ¢ 7 A g kT R RISO Guide 3L # M L Hp 2

(certificates and statements )

h) F& iF-GEa k%% 2 i * Mot B

) @ F 2 A SRR BT R F ERG 0 ¢ K2 A RBERE > 2 R PRI DT

J)ﬁﬂSOGUM%30’31’34’3&ﬁ§l&§

TP AR T B L1160 BRI TR REFRER KT FL L TG 2 ARG

RNEEFIREZAEF I PERTHERR PRI RLEZRTE -

{\x.

»
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A KA B R TIEAEE

4l 1l

SRR B aR s (AT A P AR T TR

1l 1l

THRATE R TRARE I

11

WIS Tra%E

Bl 1-1-6 %34 52 204

:H\f
=)
i
T

FERRESTHF oI B BER DR AP ERRR - P UAETEL
BRSO DAY FER N SAGE AR R Ao Sge e EAFER 5 S
54 53 BB % el 117 im0 5 fE A DMA Bl Bl A 4% o 0 A
1T EFea3 B A H % 8 #ics 177% (Analysis of Variance, ANOVA) [1-1-2] > ¥+ & ]
By B (7 A 47 8 0 BY f# 5 £2 g (Between bottles ) s¢ #g o (within bottles) £ £ o 3+ 5 & %
dod 1-1-4 0 B9 5 SS A w| L 2AL 0T S £ (Sum of Squares) » DF 54 k2 fi ¢ &
(Degree of Freedom) » MS 7 4 7= 1 (MSgoue) & %2 (MSyinin) * 5515 2 1 (Mean Square) -
B 9506f df kT S P 3 E 2% 4220055 27 ANOVA A 4787 i2F MF2 L8 » o
= R
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34 1

33

32

31

30

Diameter (nm)

29

28

Bottle

Bl 1-17 295 Bamis b A

# 1-1-4 P 7 5gie 7 ANOVA » 474 %

TiO,-TC-30 DF SS MS F P
Model 4 0.5736 0.1434 0.50387 0.73333
Error 20 5.692 0.2846
Total 24 6.2656

(=) 23 4o BRI
WAER S LA A M A2IRNR Y BT R EH > BT R AR LARR o

T MR LA iRl (4 SEM ~ TEM) » E jen® ip] 4 5t (4o DLS ~ DMA) { L
B* bR ESL ARt AN A EE YOG A PR RIS AR T A % 2
HRBEHS)NE P LM AL LRI A0 nSGE AR AT kil
TR Rend ko d Pt Bk g o 2T AR T R 2 2
ik e Bl de &g A & 1T B & 5 (Organization for Economic Co-operation and
Development, OECD) ¢ 51 £ # ¢ #7 # eia p 4o 1 -1 5 P jyc

1 BEGK R

2. =4

KR iV i

4, HRE AR

5. )%
6

L RBREGRRR
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TR

8. %5 f

9. £ i

10. 26 F T A&
TRt kG s BAAF R Sl — oA G ARG S A
PRSI FIE RRRE R IO E M PIREAST L BIREEE - R ,j_@p\ sh
FEEYRRER T > FEpBR T H U A G FRIED 0 AL DR ER

oo 5 FIRIR R T M M 5 ﬁﬂﬁ%ﬁ’%;@AQMgﬁ

D3037 » ®*% ISO & # X F\m ISO-9277 o F #ex gzl T Lo ff RIL > Ak dp i WA

=0
c‘ \
TR

& Wy oF
=5

1m ﬁ-;u

PR 5 DS o RS T BURIR AT () 25 RAZIRT HF
Mo+ () &5 FEFLRFIEY > - RS G ERTHT T o B

BRI T g R o U 2 HC ﬁifﬁz};j»\kg}}t;mﬁiwmgb Lo fh o ¥ LER 2o
W 1-2-1 0 Bt G AT fota B et MRS ¢ o d R KR A R
P e BRI BET s IBh » M B R R SOHE% S - Y BET 2

BB A E e s S EFRTEF S A LR R N LG R
[1-2-1] - i i BET =3 B @5 efwt &6 2 v7 BET £ & o 5% BET = 2 |4 kb
BEPTRODAZZEIFT T LD VA LHRAEL > PG R REBF N RE FHE

iR M RS o PRREY AR FRIL b FBEBET 2 0 FEL P W T
FIRN K et G AR R 45 L BET I3 2 5 &AL b4 SO 9277:1995[1-2-2]
122 ASTM C1274-00(2006) % -

4732 %% M4 (physisorption)
AR it zi’"ﬁ.l‘f’f AM 5T 1E 4 %% 14 (chemisorption)
a . » = 42 # 7k (volumetric method)
FRRM AL RN E ¥ & 7k (gravimetric method)
i 8 7% (flow method)

AF FUES & Mt & X\ Langmuir (or BET ... )£ #!

l

1% 4$sample 2 Lk & @ #%

B 1-2-1 % Lk 5t % oo 8RB

N AR &G R SRR > Bde ko 0 R R R TS A 3 s Bl
FAER R fop PRI R A G L e o §F T A R R A 0T L
SEE T A o WS BRI LA A G FA P 5 ET AR T

S dp  fREet AR R A R B (B0) o A S E
fead b A FRaFhide FEPTNE F A3 AHhEFLe T oG E > LB
FRAEFE N E e fon R o iea @A Bl BT A G B S A E

TRl

F T



4=

;gaéﬁﬁ&%ﬁﬁaﬁmm’%?ﬁﬂﬁmﬁ&ﬁ“%aﬁoawﬁﬁﬁﬁﬁaﬁ

maluyes ovw B exowial swfice of Ge seld

A B arwa Covwend by onch aduorted par i fAsge Y Stage 4

G wxiace wee can be coland L - A Arfher rcreace 0 P gun prectue il came
B e e gy anevage o e wege anc 8 o Pe pores.

he LMY cutonsaton cam be umed & Setwrvere pore

e A

Dtage 1
Semsxamer
B 1-2-2 s i ML 22 F A B A2 7 L
Ao ATt A6 AR BRI o B 123 0 f RS B L A4S T B R

MEBERS 3t Apd L end REPERE LE > DR §1-2-4

Adsorptive
Port

Valve, closed \&
-

Vacuum _‘
Port
Pressure

Valves, open transducer

Sample

Coolant bath holder

B11-2-3+- 4 6 A £ R4 L 1B ¢ 42
B&g R T SRR 2

LER-R
BET 32343 % £22 = % Brunauer ~ Emmett fc Teller = + g8 S mepf E diehf A 5
Koot o N A o T E L BET o 4[1-2-3]:
P 1 _C-1p,

+ (1-2-1)
ads( P P ) nmC r.]mC P0

di;"vﬂuﬁﬂ:’di“ Mg oBET 2 AR 2 7 H K F MW HE N AR Nags

2 Benhd ko C S FIURRT §F MRt o Pe 5 TR PR A > Py 5 &7 foz it R o BET
G RE R A S RSO A#H L b B P TR B oodE AR T F 2R
GETAMLE o FERFERY UV FR SIS BARARES LI RFHART 54
SR 0 72 PIPg 5 X g PIV(Pe-P) 5 Y #h > 4 BET » A2 Rl (8 E > FIE MR
G e R R K REE R F WG E N E RS A AR o B REE S
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P/Po P~ 2L % 0.05-0.3 g~ Fl /% > BET = 4242 1 "E e fii AR AP w2 £ > B 8PS (4 > Tt
FERIREALT FEP N FEFINBp o TER T 31 5 & PP TRl R0 i ¥ A2
%5 %8k BET o § AR BRI S enex i 4 (%98 0 E RDBFRIRITINE > VITG LR
R BE o pLPET RGBT - e PIPoBcdp i RERAR A RO A G fF 0 AL 5 B gk BET o &2
S BET 4p > HZEBET %34 €+ - o d B § F /MR Fd 8> 7 EER
ARG ET N o d R BHTFEF A RASF UL R PPohEE o NFRIF
P/Po ® et BB Z_o 305 — BLP/Py T BET sx MiFtiBAZE? B 324 2 AT 02 0 F e i
BET 2 FHRTHh&F Foargf HEOMH <] > m ZRFZAFFE o padr? 2l
#??é%?ﬁi%’ﬁiééwiéhiﬁiﬁaaﬁﬁ@wiﬂ’ﬁiﬂgﬁﬁﬁ
FERIFFEERE 0 LB G AR BR S FHEE S FHRER

MR RN A A RBaiag > AL & il F R -

Bl 1-2-6 5 2 oxfihlR$t g §F 2 /MRy R v Bl o B R BT H
AARRTT T 2§ §F cl/fmwdz MBER S A B EH o fois AR A g F
é’é#ﬁ&wﬁﬁﬁﬁﬂ* 1A &7 o gt Ao A2 AR ISR I L F o H

MR S AR R I L B e 3R T R AR OB (PIPo< 0.01)
%*Wx%%%. L5 H R 0 TS B R R 4 b (0.1<P/Py<0.5)
SO AT R 4 2 FEIRERL FOrg 2ty o A5 5 R ST R TR
@ﬁﬁﬁ’ﬁpmpa&ﬁﬁﬁ*%ﬂﬁﬁﬂﬂé@$ﬁﬁ¥»@&wi%ﬁ%ﬁo%g
F oA R ML ANT ORGSR AT AL 2 TV AN B R B T g e s o)
1250 RE LS R § § S/RGEREY REFR > AT EP P2 SFE R GE RT S
TELE O BEARERRG FIAFRSEATS 2 RFIVH 0 AR R S R T N R
WGl N RRER 2 G o FIUNF F A adViF P IR A H M2 (7 A BT
PR BE 0 G R F|TRAR EHIS A R R Y MEIRE ERRE o § VAR F
BORL i AR PIPg> 0.5 pE LA 2 Y F e B > 5 IUPAC (International Union of Pure
and Applied Chemistry) <& i & & % w 3] o faip]pt A fhd 87 0GR+ phiafped
A WHEREL RFIR o T F AR A Y FRREL T EET 2
ok 2 THFRA A TR MBFAFREZ VR Y 0 TR A F TR R R 2 iR et
gRFE R A2 b BT e FE F A4 TR APEERA SOV 2
SRR RS Y § L P REORERD ko B R RS E o eI E R §

F 2
4 FAPL IR FIERERMZRA ARk A RS B s A R 7

v

oz e BlaFfe o A A oG R IV ] A S R AR R 4 2 E R gtk §
SO A G AR R E L s et o Bl AR R R 2 4 ] o Bt
Berdp b Sl HE ~ SR E GV F G AL 0 RE S BSF VEE>A T o d 3 4G
SCPARERAR G TARG FIVF Y B R DIURS R BRI R A o JI § F T 2
gﬁ%?"—% LR A A 5 [ Kﬁ';’*ﬂ EARTE NI o '}’ § i 4ra X F[\ Smicro /SgeT V"

Mﬁﬁd‘JWﬁ&ﬁ%?ﬁ%2~mnmﬁ’ﬁFiﬁﬁW%hi@ﬁﬁ“ﬁﬁi’ﬁi“
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s

&F"f‘ﬂfﬁfﬁ 1‘#‘#/ R ey le S > T

LI S A BB 5 384 10 ~100 nm

LpTr AR 2~ ]_Onmal*,}‘ﬁ@"i’ﬂgiﬁf"@#i—}izbfﬁié\%r’J"/F-F\%K%}%i#afﬁq
PRIy BFe B R Fle g AL G 5 R It B2 10~100 nm 2 B2
]#ﬁyﬂ§$u%ﬁﬁﬁﬂ?*mﬂﬁ ) 1@@W&J$ﬁuﬁﬁhﬁfﬁﬁﬁ
Wb o RS A G R SRR E R B ORI F R4 0 APRT E (VARG R It T P

2

6&%

ZREPLRLE FAF PR

Monolayer

I
0 SR . »
x|
» oo

o0,
NN

Multilayer

O
N\

\N

Condensation in
pores/capillaries

NN

| 1v
OO000000

&S\\\\g\ﬁ\\g\g\g

Or Mark Osborne

Bl 1-2-5 s it g on vt f M G R 7 S

R /
«La1

1?1 1-2-7 SR H &5 4R A 8
11T R ey i 2 R e

FoR2®

e

Quantity Adsorbed (em?lg STP)

0.8
Relative Pressure (P/Po)

07 08 09 10

# 1-2-7 § i fg*ﬁﬂ\fﬁ&’_v}\lﬁﬁ Eﬁ!ﬁ»d,’ R
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SR AT 2 FE 4 ) o

8 g P BciE4cB 1-2-9° BET v £
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Volume (cm3/g)

Relative Pressure (P/Po)

Bl 1-2-6 14 2 &0 % 08 s B R o SR

B S B4R L 0 LR 1-2-8 -

FocE %% 5 21508 mg




Isotherm Tabular Report

Relative Absolute Cuantity Elapsed Time Saturation
Pressure (P/Fo) Frassure Adsorbed (h:min) Prassure BET Surface Area Report
{mmHg) (cm*ig STP) (mmHg) BET Surface Area: 215.0580 = 0.8900 m3g
01:10 736.39111 SlOpE: 0.020088 £ 0.000083 g.I'CITI! STP
0010080782 7.428719 356729 01:41 Y-Intercept: 0.000154 + 0.000014 glem?® STP
0.028603044 21.055738 41.4231 01:49 -
0.063540474 46.771857 47.0512 01:55 C‘ 1 31 306254
0.077544559 57.078207 48.7477 01:50 Qm: 49.4023 cm¥g STP
0.099980549 T3.596870 51.1609 02:04 Correlation Coefficient: 0.9992325
0119985860 88.310265 531152 02:09 - . ;
0.140049799 103.072861 54,0813 02:14 Molecular Cross-Sectional Area; 0,1620 nm
0.160094764 117.821228 56,7751 02:18 . .
0179870820  132.360476 58.4977 02:23 Relative Quantity  1/[Q{Pa/P - 1]]
0.200435315 147.497940 60,2685 02:27 Pressure Adsorbed
0.246244770 181,198914 64,2210 02:33 3
0302320291 222450165 69,1904 02:39 (PiPo) (cm?ig 8TP)
0.353616913 260,180847 74,0098 02:45
0.400426332 294 603516 78.7517 02:52 0.063540474 47.0512 0.001442
0.450267863 331.252563 B4.3152 02:59
0.500241919 367991272 90.6400 03:07 0.077544559 48.7477 0.001724
0.549858924 404.458527 98.0708 03:16 0.099990549 51.1609 0002172
0.599713048  441.128754 107.2653 ggf;; ressezr 0.110385360 63.1162 0.002667
0.647987339  476.641663 119.0088 03:39 0.140049799 54.9813 0.002962
0.696754622 512.518433 135.8229 03:53 0160094764 56.7751 0.003357
HECHTC AR 0179670820 564977 0.00749
0.817254537 601,194946 251,1570 05:27 0.200435315 60.2685 0.004159
0843529361 620.420715 3051177 ggigg 79562003 0.246244770 64.2210 0.005087
0830180851  G472r01n 3562438 0634 0.302320291  69.1904 0.006263
0.901684 369 G63.014893 368.3544 06:52
0.919982038 676.434143 376.4087 07:02
0.948173039 697.122253 366.8447 07:13
0.976145341 717650940 394.8801 07:23
0.990879990 728534485 397.8693 07:29
07:30 735.16786
0.998129210 733.786194 403.3823 07:41
0.984253445 723,585205 3990297 07:43
0.964618551 709,150269 397.8113 07:47
0.936215693 688,269470 3960472 07:51
0.925501299 680392578 395.2412 07:54
0.900167735 661.768188 393.0054 07:59
0.876318314 G44. 234863 F90.0971 08:05
0.851236644 625.795593 3B5.6778 08:13
0.825379723 606.786377 379.5619 08:22
0.802038529 580626587 371.4304 08:33

B 1-2-9 5 “pfkRFEYy > ¢ AR EEAREKE VLo i E

JRETER SR AT o W R G N A S P AP FE TR R G o
%"‘iﬁ o Ft 0 BRI AR S

N, <N, xA

Ager = W (1-2-2)
SRIENF FAT L SA G T e 3 BET AR A E L H A § e
wi’#%{@”%%wo%W?“%m'ﬁf%fﬂﬁﬁﬂiiﬁ %ok i

+ .\
ﬁ?(Am)-"ja ﬁf&%tgﬁﬁ%& Npo> ¥ Iﬁ KN % ﬁ o g,\%;;x/ﬁ-;_p ’};?;‘_g'r.gf_ W %
MR SE L E DR a o T A G Agere A KSR E K F M E ()i 2 3E
Rbafe Tt & f BRI RPFEREEFIIRIARF H£4F Bi(n)Z2R - £ 2 2R
W) 2 S E4F ERI(S)TAZ P R TR o e EHRE 7 2 TR U(Ager)/Aer ¥ # 7

.

u:BEiT): (nm)) +( ( )) +( ( )) (1-2-3)

d BET = 425%(1-2-1) > & § B4 E N, ch3 ek KRG (@) F WS FE Nags > (D)

FAs ¥ B C () foz T B Po s (d)T /R 4 Pe 3
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PR AN o TR S E Nags R T R

n — I:)me _(Pevm + Pvtﬁgled Pvu\:vba;rm) (1_2_4)
“ RT'RT, RT,, RT,

F WS FE Nags 3 A2 TR KR 2 45 Manifold 884V, ~ R B4 P~ Y

T =24 . a2 s . . A= - V2 Id . - -
T~ Tt BRI PHREFPREF RS T ARV ~REF RS

_lr ﬁ_‘,’ggf:vwarm N “

tube

ne A

RFERT,, MERBEAT, 'RLTEFM Y& 2@ 5 0.082atm-L/molK » #/

Fz%

4+ i385 5 kPa>R % 8.31kParL/molK - 3+ &

#1210 AR (n) 3 AERATE B4

PR g | FF O &G ARTIRSE
B iR % s | FRETR | I i |- u(x) ux)
Xi u(x;) X; (mol)
A 6.oo|>_< 10 ) 2.89E 10° | 2 Ls)_lz.xml(())l2 8.42x10° -
o | S s | 200”2800 a0t | s
T 2.93I: 10° ¥ i 4.05}210'2 -5k917.:n 100|'6 2 49x107 121
S R i R
Vi 4.58|>_<10‘2 &) 2.89E 10°® 4|._7'%->:nlcc>)l_2 136107 .
y,varm 1.54|>_<10'2 &) 2.89E 10° 1|._2_f.>;113|'2 3.57x10° .
T 7.702 10' ) 2.89}210'3 2I.<8_}.>< n%(c))l'f’ 8.09x10° .
Taor 2.932 10° | i 4.05;210'2 6}.(5_:135%8"7 2 65x10° 121
%72 52 % R u(n,) = 4.42x10" mol
A d B v =435
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FERHUNG) CUC) UR) 2 uP)E A F W HE N2 AT AL FHF L 40T 4

% 1228 K FeaqdB(n)? REATE S5
, o 3 FE A
RERR | B | B %*%f)i RECE ] og | gen
Xi Xi b T G == [Ci |- u(x) nx)
u(xi i (mol)
| -7
Nags 5'9%}0 ¥ i 4'4%}0 141 | 6.23x107 | 435
-8
C 184x10° | ¥ fi 314 | >0 Lig1xa07| 16
P 100.4 s 3.04x10° | 2.03x107 8
0 P ¥ i <P wpat.mop | 6:17%10° | 157
3 5
P 30.12 e 3.04x10° | 1.25x10 5
) kPa ¥ kPa kPa'l-mol | S8¥107 ) 157

pod R verr = 440

#8272 %% u(n, )=6.535x10" mol

5 1 % 548 550 m°/g (BAM108) £ 4f ¥

BE 2 H TR

% 1-2-3 &4 & 550 m*/g (BAM108)2. 7 ££ % & A 15 %
FEERR | Bytm | B fjﬁ%i LR AR £3: T8 ITED:
. . N 2 T . ; ) ;
Xi Xi 2 R C el O xil) | 1)
Nm ?frﬁill ¥R 0.018 % 1 0.018 % 385
W O'2g179 W 0.43 % 1 0.43% 2
S rf]% WAk 0.85 % 1 0.85 % 14

L 3

% # £ iplE =544 m¥g

trstie SR 2 FERE =095%
3xpd R =15
i E FF =213
WL TR =21%

2R 7

H R H Ao g

U

by

u.(y)
Y]
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) .

R AP e EREAETARZF P d R 3 Pl tofed A1 « RREAE?
2 iE P05 %2 i3 dE -k > i * Excel & Bt B & E F]SF 0 Wk =TINV(0.05, verr) ©

A0 F BAEKESO5 % 4 cp d B S1TIE - B ALA ek A imE FSK
5 1.97 - F2 > BAM 102 (4L 5 mYQ) e 50t % A oip H 4B S 7 FETA 5

SAPHEEEE A FmE R - ki & E ] (coverage factor) v & F 1+ d 12

%—19%&4%—28% (1-2-6)
y

AL F EH-KEL95 %o ok d B SI5PF 0 SAtA A & mE FIKE
5213 5]t - BAM 108 (-4 550 m2/g)# &1t % & # crdp $H 2 3 FE TR 5

U|(3|’) 2.13x0.95% = 2.1 % (1-2-7)
y

T

By TR SR TR E @A ARR L R R sl 4 s BET 32

FHEE R @7 A e D RRBET S 5mig I 550 Mg pE o ApHHE A AR

21% > i E T3 k=213 p s 95 %:hiis i ok I o

(2)% F a4 6 THE R
AERZ AT A5 DRER A AETR - B ERFFATSMV I 75mV 0 7
FERR 5 27 MV e 355 i85 2 1-5**"4& WH 2 EGiEE2Zeta 7R AR 3.
BR A FETRITG S M E 4 i b Bk o A itdeT
LAyt s®lE 2 RniEe
PR EET RS Zeta LR S 0T BRF L GIRERT T APKE
TR R A B R AR 1-3-1
2 131 R¥e GiEps

- R "% 3l 5 E 5L
i CMS CMS-100 -
i CMS CMS-200 -
ey Thermo Nanosphere 3100A
i Thermo Nanosphere 3050A
s Thermo Nanosphere 3020A

B F e fiRdp S+ CMS-100 2 CMS-200 2. # k& % 10 % » @ Thermo i 4>+
Bk RE L 1% A BEAER T RnT B2 d K H R R Byl FlehkmEisg
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T m R FERLE TR AT 0 Pl R R R AR L 0.002 %t 4p F i E
B2 kR o FFREATR Y 3 A 2 2mmol/L NaCl g ik > pefl > 2 bl 5 0 & ¥ R K
£ 7 0.0117 g NaCl H484 %> 5 » 100 mL = & 75> £ F M4 » 3 3+ L(resistivity > 18
MQ)z % & - i?ﬁi FREF RwiEL et R AR RS RPN L
#-CMS-100 # CMS-200 2 1:10 v G 2 1% £ =P~ 1.6 pL 2. 1 %* % 4c » 800 uL
2. 2mmol/L NaCl ;3% # > &1 41 * Vortex Mixer (Vortex-Genie 2, Scientific Industries,
Inc.)igiziriR &323 o

W

AP EZ RS RTIFERENERI RERY THEALTIREA G IR o F
er B ﬁfﬁi?ﬁﬁijf » 2 Parafilm #-5g v % ?f SWFIE TicEx ¢ (B 1-3-1) 0
WLEZF P kF 2 F&M - AL zicke  FERIEE ST % 2 3 % (high
vacuum grease, Dow Corning) & & > % * STEINECE b F )5 A4 RicEr

Rt f R W REEMPETZ oM P xﬂc#fmza ey TR o
HRARERETT > FFRENAPHLAEE  FURARARTZ R -

T
FTfem

B 131 REBESEEFDETiTED

2.Zeta 7 R ARB

21 & kEZ K

211 Rl Bk K- A

Flk Zeta =t R R Sl R F Ao R0 A iﬂ?ﬁ”’iﬁﬁiﬁﬁw%
ERIRE WBERIAEHFZFFe AR 2 1 BRI REE EREEHPY TR
FHI 4 1-3-2 ¢
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1-3-2: i ik d - T4

% % (Equipment) H L
Generic name| MFR Model Quantity | Specification | (Remark)
LA R A5 B | #E Sl * ik
Zeta 7 i Malvern Zetasizer MAL oot
o 1 5nm~10um | 2R & s
247 %  |Instruments| Nano ZS |1085345
Py ] ] ] 1 i5-3337U 12+ | & s
MY4702 0.1V~1000V | & /&% #
#i=% 4 | Agilent | 34410A 1 T
3474 3Hz~300kHz | ¥ &R
Bz X T Precisa XS225A - 1 0.1mg~225qg | & = #
Research ®
Micropipette | Eppendorf plus P21043B| 1  |100 pL ~ 1000 plL | i% %82~k
100-1000 pL
Research ®
Micropipette | Eppendorf | plus 10-100 |P32389B 1 10 uL ~ 100 pL | i% t8 2~k
ulL
Research ® .
Micropipette | Eppendorf P28682B 1 luL~10pL |iRHP~
plus 1-10 pL
BOR Fluke 1524 2134020 1 -200°C ~160°C | /£ & & i
PRT # & Fluke 5606 60967 -200°C ~160°C | /£ & & i

2.1.2 54 R A
AERIREATE® 2
cell- = Malvern Instruments #74 & o @ 272 Motk &1 P 7 5 2 & 35 £ 2 % ¥ cuvette
2 F ® cuvette o AL 4T £
F 1-3-3 ¢ R & R £

ERIR &I - i * T F R4 F5 2 17T 42 Universal dip

Universal dip cell

E RS ST Rl I iR RIL s
BE7rE 0.75 mL
THETR(EERE) +/- 50 V
WITER R 0°C~70°C
Bl H T Electrode: PEEK, Palladium
Cuvette: polystyrene, glass or quartz.
i PIHHRSA ~ FEt LR
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228 H £
et A B ‘?wz/FITa" 7 ;{&:&’Eﬁgﬁxvlf\ﬁ’t%“%pﬁ_l_ﬁy? e pF > ¥ Zeta
AT RZAAE R R ATRE R NIRRT 3 TF2 BT o

221 BB R B A
@ﬁﬁ&ﬂﬁﬁ%i%ﬁ%?ﬁ%ﬁi*24+ﬁ’%ﬁﬁﬁ%?&aﬁﬁéﬁi
THre ¥ BRI RET BRIV ER TRREESHFEIIOAA4E L UEPRRERR
i@pﬁ+mﬁmﬁ%’@ﬁﬁw&&ﬁ+*&mmmm’%ﬁ&k&@%’?ﬁﬁi
P ERBEEFRE -

222t # g b iF
RELTMBECS > FTHXRTRB 5 & T SRR LR
RS S R ERE RSP o

ﬂ}
|5
EE
W
k>
N

22.3 &1 ik

o FE BRI Bt BRI R KRR Y O R E RS ATA G RITET FH TR
= 4t i * o Universal dip cell & * 1cm x 1 cm #23 ;% » o 256 % % cuvette g %1 &3
(B 1-3-2) » & X £ R)7 E #PF AT cuvette © 3 F E R ik B o THROINA FIF
REAFRY > A X LR AT ARGRICE R BT R o AL KT 2 45k
2o AT R R SR R eI Pk gsiE 0 B 0 0.1 %2 AQUET 3% 18 (4o
13)UARFABRTBRET 12 244 IR REE L2 33 RBZE D ats ik

JoE e FRARA G F PR S T RACHOF RS BT EA G £ 2 4
3 ks

~

PR E AR BB N FRATEE RSN AR LFEENFTRENLI 2

® 1-3-2 : dip cell Bl 1-3-3:#*RFAARTHFFTLBZEK
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2.3t
2.3.1 1%

BECRRBEEE2ZBFM BT 27 "reset™g ) L FERRBLT R o B pFo d in
TERARILTREEF VL RT 2 d "reset"iE (B 1-3-4) 18 L £ ATEAH KRBT
o ERFEXEILAN L > FRBERF TR TEADLO C)ru b pE S W p hos
UTRELT R P REBIEFI A2 KREFF SRR S DEe o B Zeta T 1=
ATRE G ZRRERLE S ERINME"- B BRFREE P B CER BEE
PO FrhAE RS PURE S Bk s R0 2 fRIIMEES B S 4
REFe RAALERT PEREZ I F 2T EEE S HTER Rk h Zeta ©
_/’a\#frfiééi?”"’?&iéﬁ‘*ﬁﬂUSB ﬁé\i’ﬁ_é&i@fﬁb R TF BT AxFEH TSR K
- % 2 "Zetasizer Software” - i T fhil MIAM MRS F L G EL T RE RS
P d BT EL(B 1-35) A A R BRchready KRR o BRBEE T2 FF
KR REDFE LT EEFLEFEIRIE T

N

wh

Bl1-3-4: R MAEEE 6 Bade 3 reset M 135: GREX X2 Ml

232 2 B O~ RS

B 2ATPER N w5 Fek W cuvette B ORIR RIS BIRRR L RS B
AL TMM~10mm o iEF 2 E Mg BN ERIE R o 045 R ] KT REE N
Ak AR ETFFHENRMATERYF > FF F e NRAFRT RSN E LT
> o BRI DG e bk o H#-dip cell &SRR R B?Hf TR ERF R
ft > w JEJL R cuvette o enip|= & A E m v ~ SR RAR 0 @ dip cell ® & 2
"M"F R L i%ﬁ']#ﬂ@lﬁ;ﬁ'lgg‘“?'(lu\i'ﬁ T M F) e Fhmif24c ] 1-3-6 #7or o
FTHIEGY BN REeVRERSERZ RE LR RS OREEE > RS ER
ARE R 1 = Lk | A ':#E"ﬁa.féﬁﬁ—%i’ﬁ%g._iﬁ' EPR A TIREFGE(R 1-3-7)7 £F L LF ik

i

42



o EERE SRR AN RN T REE FIRIME RS &

b Ee el o

Fl 1-3-6 : dip cell % i+ 7 £, B Bl 137 B ipl % 2 7 B
2.3.3 P ok R ©
ARG TT B AR R S BT AR M R A L

T & R #dg o B B"File" -> "New" -> "Measurement file" > i #% i % 5 (s L ¥ ﬁe«l » ¥
Lo RN E p B ;ﬁ B oo Bk 5 .dtse f* Zetasizer $#g:& {7 £ p|pF >
7 E 4% Manual £ 8] > & S8 B S8kt 3 = SOP 4% > £ 4417 SOP {7 £ip] o & =
SOP #%% p& » E B~"File" -> "New" -> "SOP" » ¢ Bt 4cf 1-3-8 2 X T F & ° &
"Measurement type"{§ i #~"Zeta potential” - & ¥ 85 » & 7% £ iRl 3-8 - 4p B S B3k F
12 4ot 1-3-4:
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B s 2o S

File Help
Qeck @ @ ¥ ©
)7 Mea;man;xnnype:khl’menﬁal Cell type:
Matexial 1
g?esn t‘,‘o Dtsposab]e fuldedoel.ls
Tenpets o e S
lv;agilzmem | 2 4
Advanced nrl}:n\nlwthgesemgng‘;ous}nunc‘)wckﬁemlh‘g)e‘ma j
Data processing semng. under Measurement-Advanced, o confirm that it is
Reports kcorrect for this cell type.
Export
© ZEN1002
-
] 1-3-8 : SOP % Z=_F w
# 1-3-4 1 &P Sk THEB A
wmop wop
Measurement type Zeta potential Cell Dip cell
. P Measurement .
Sample IR - LA - § . Automatic
P B LA Duration
. Number of
Material polystyrene 6~ 10
measurements
. Delay between
Dispersant water y 30 sec
measurements
General Options Smoluchowski Auto Attenuation Yes
Temperature 20 °C Auto voltage Yes
Equilibration time 300 sec Data processing Auto mode

T o-SOP 4% BlAL L Lsop BkE R Y AR IR Sk

RIPF S & 2R m & 7 T7 - g LRBEAFRSLIRZ
BREIXKTER  FERBRTAXTEARAAO0L "CHEEMNE KK ¢ & T "Insert the
BECH & 3 $££;,1+=";W+§ B3R SR T St T Bt
Blo BplEAY REFT L ERTSRE TR EBRE  RA P2 VB F RRE
R 1S € BLT|"R BB FE A Paﬂ*iﬁ¢ FEEL G RR N FERSE  A A R B Ak "ready”

;P\-;!l ’T:"xE.rr'f—-:'(E_;ElJo

SOP % % % = {4 i 4% "Measure" -> "Start SOP" > L% + ¢ NI E BT &
L E P 2
w

cell" »
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24 % 3 RI BT HF
iﬂ%*@@@%ﬁﬁﬂﬁwﬁ%$£@?ﬁwﬁ’&ﬂﬂx%##*Qﬁa%a
ﬁjﬁl\:ﬁé’ jr'j‘:’#‘j‘ﬂ’ﬂ‘i%7 Zg‘ l“*" R _L)%}"‘ij*”* ‘gﬁ%%ﬂmmﬁ}%@/ » AV

-

ELER

2.4.1 B 484 2

d 0B PR 2 ficdy A4 47 4088 e 5 "Zetasizer Software” > ERIS R ST A7 M P
Mo REZta T AT RITAMP  EHPRAGFELE Z AT R A MBS -
ARk SR 2 %7k s(uninterruptible power supply, UPS) > f # &% Zeta T =4 47
REFRFEEE2Z TR T USSP 23k 2 P - RBESIP 25K B
NI RERFETHLEE > FRpAT RS TTMPREE TN

E X FEkzE ﬁ%i ?P:ké’s-fir%fg:‘ 2% Rt 0 3R S I LA
FOEARAZRARZTRAGATVIATRS I N EXERIFE TR FHTR
&2

FLBZa AT HTIRET R EETHRARAF & T LB
HF LR S S E RS R T R BEA R SHD S

Wi 7 AR o
EESID T
A 2 R R b IR R Y
A S 3

A S N IR SRR S R
SRR FRERF BT NI R R
EREAPARSEEI PR RN -

d?

‘\'ﬂ .mh

2.5 Hcdp kbt B
xRt s o BRE 6 2 TREATH I SR A S A View” >
"Workspace" T i B-"Zeta" » TF E AT o F @B Zeta R E B F S HFRLE

SERE(R 1-39) 4 7 A FAFAT G 3P40 M Bl & 704 Zeta T A G B 475
A & B > phase plot & - - BH# &I S Z £4FE R 60 0 #B-Zeta T = E IR E e
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t:] File Edit View Measure Tools Security Window Help

l_] _7 j 5 =3 ,_, : Zeta v j % B0 Zeta.capillary_Zzta standard_20C 3 m B>
El Records View | °* Zeta Potential (M) *9 Zeta quality report (M) ° Phase Plct (M) © (= Expert Advice (M} f‘f_‘:i' Frequeng
Record |Type Sample Nome Measurement Date and Tome T zp Mob Cond | Fmal Zets Fraquency
L % a¥ | wwnffs ntkn |
10 Zeta CMS-100_2e-3%1 201418238 EF 100710 200 -506 3569 0230 -336
11 Zeta CMS-100_2e-3%2 2014518238 L 100838 200 -507 -35%6 0231 -338
12 Zeta CMS-100_2e-3%3 2014F18238 ¥ 100947 200 -511 -3622 0231 -347
13 Zeta CMS-100_2e-3%4 2014%1H238 £ 101056 200 -505 -3581 0232 -343
14 Zeta CMS-100_2¢-3%5 201418238 k4 101206 200 -502 -3562 0232 -349
15 Zetn CMS-100_2e-3%6 201418238 +4 10:13:18 200 -497 -3526 0233 -349
16 Zotn CMS-100_20-2%7 201415238 4 101427 200 -504 -3577 0233 -354
17 Zeta CMS-100_2e-3%8 201418238 £ 101536 200 -496 -3515 02%4 =349
18 Zeta CMS-100_2e-3%:0 201418238 L5 10:1646 200 -400 -3538 02314 -351
19 Zeta CMS-100_2e-3% 10 200418238 EF10:17:55 200 -507 -3583 0234 =357
23 Zeta CMS-200_2e-3% 1 201418238 ¥ 10:3342 200 -583 -4135 0230 -384
24 Zetn CMS-200_2e-3%2 2014514238 5103510 200 -588 -4173 0232 -385
25 Zeta CMS-200_2e-3%3 201418238 k4103622 200 -575 -4081 0232 -3%4
26 Zeta CMS-200_2e-3%4 201418238 k4 103731 200 -565 -4007 0233 -386
27 Zetn  CMS-200_2e-3%5 201418238 4103843 200 -582 -4128 0234 -413
28 Zeta CMS-200_2¢-3%6 2014515228 4 10:39:59 200 -565 -4011 0234 -404
20 Zeta CMS-200_2e-3%7 2014185228 EF1041:11 200 -5732 -4067 0235 -410
30 Zetn (CMS-200_2e-2%8 201418238 5104220 200 -580 -4.115 0235 416
31 Zeta CMS-200_2e-3%0 2001415238 £F 104330 200 -384 -4145 0235 419
32 Zeta CMS-200_2e-3%10 201418238 L5 1044:30 200 -547 -3879 023% -382

B 1-3-9 : Zeta 7 =& Pl dcdy 7oA

BB AT ETATFR

L s ,i"z PoeiE i 2 ik 54 RE R e 5 (1ISO)# 7 0 ISO/IEC Guide 98-3:2008,
Uncertainty of measurement — Part 3: Guide to the expression of uncertainty
measurement (GUM:1995)[1-3-2] = 47 &£ ¥ £ h 2 R E 4 e 2 & » T3 B H L3 A TR -

RS AT S-S
R AR TR R S I

3.1 & plAe i
Zeta @ & B %

¢ =

PR

Bz BRI AR T & T 458 (1.3.1) o
3nAwA
8meEs ind/2)s i Al 2+ &) f (xa)

ERERRY G OEF EBA0 o A6 Rl FATE S @7 ¥ BRI LE
*%ﬁﬁﬁaiﬁoﬁfaﬂ@ﬂéiﬁﬁﬁéf%ﬁ’%?ﬁ?iﬁaﬁ%mwéﬁ
Zeta T inficie o 4 g B RLEARY FIEAF B FL MRS DB T E o d WEAFEEL AN
WaA2 2PFEL 0 &7TER 0 B EAFPFLINE ER i«iiﬁflléé%ﬁﬂ FEER

O"

(1.3.2)

D AR FA S S L A R 0 RS RS (L31) RSN (1.32) i
FAEW B RUALER Sl
£ = SnAwA +Ad, (1.3.2)

8meEs i/ 2)sinP(2)+<E]f (xa)
BLEEBEL IR UT £ 5
uE(é)::(E?i)zuz(n)+(ESE;)ZuZ(Aa»-+(f%%)zuz(ﬂ)+(§§§)2u2(n)+(§§§)2u2(g)

+(64)2u2(E)+(a§)2u2(0) (6;?5))2 W2 (xa))+ ( ig )2u?(Ad, )
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(1.3.3)
He
('t Zeta® i (Zeta potential ; V)
n A rikAE (Viscosity 5 Pa-s)
Aw : %5 & =4 (Frequency shift ; rad-s™)
A g ek £ (Wavelength of laser 5 m)
n: % %476 28 (Refractive index of dispersant)
¢t % A T ¥ #k (Dielectric constant of dispersant ; F-m™)
E: ©33% A& (Electric field strength ; V-m™)
0 4T & B (Scattering angle ; rad)
f(ka) * % 412 3% (Henry’s functlon)
Ad, @ £4F P E B2 EAL B & (Deviation from repeated measurements ; V)

&R FA B B 2SR5t 58 (3.1.4):

o¢ 3AwA
( )_87znaEsin(¢9/2)sin[(6?/2)+§]f(Ka)
( ) 3nAw (64“)_ 3nA
A7 8aneEsin(0/2)sin[(012) + £]f (k) 0Aw’  8aneEsin(@12)sin[(6/2) + £] f (xa)
( )_ —3nAwid
on”  8m*Esin(0/2)sin[(0/12) + £]f (xa)
og, —3nAwl og\ —-3nAwl
(ag) 8me’Esin(@/2)sin[(6/2) + £]f (xa) (6E) 8mneE?sin(@/2)sin[(6/12) + £]f (xa)
( o¢ )= —3nAwA
of (k)" 8aneEsin(0/2)sin[(012) + £ % (xa)
( ) —3nAwAcos(6/2) B 3nAwAcos(@/2+E&)
0’ 167nEsin?(6/2)sin[(012) +&E]f (ka)  16nE sin(6/2)sin[(012) + E]f (xa)
55
(z=5)=1
OAd,

(1.3.4)

32 i ARITREAN
321 BiRARRSTA G 2 A FEER U(y)

+33% ISO/TR 3666 viscosity of water [1-3-3] » % -k %20 C ~ ¥ & (101325 Pa)™
sk G #cs 1.0016 mPas > g E 2 ek 5 017 % THREI IR 5 1.7 X
10-3mPa-s> 12 SI H =4 7 p] 5 1.7x10-6m—1kgs—1- G2 4p¥ 2 mmafts 10% -
pd&RZ50e
322 HHF =B TA A 2 2 TR U(Aw)
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d  Zetasizer #r¥ st 2 A X A E 0 5~ SRS d AT BN F(S 2 AF 8 B
AL R E 1S A AR F L B 0 Aw=2 m Af o FTERAE S f FIR R BB
WL A5 B R iR P e BB E R AR B o G IR B AT TR B T R ) B
o ¢ BT Y REN S W AR RS R R R Tt R R
Pl SB2 P FEE R WA E é’% # ﬁﬁs:] DR 53 Bdp AR ey 6 RERINA 3R
VO LR RPN N S A PP AR AR T 320 Hz o T A il 18 el
REAREERIE S N E uﬁfp\r o £ (offset) 2 2 FE TR o ¥ b > Ltk f L}
Tl E r?#w B S DT o TSR S M o SRR S Tt B RIAT IR 2 4
EHRESF T A 20 RERALREN SRBASLIAEZ HELE FRIR - IT R
Ll 4 BRI FERF R FREFHT o SR R Zetasizer Az
¥ 12§ 1-3-10 4 7 o

WFHADITR I EREERFEFDLE > ¥ 1T A5

f (offset) = Poees = Foon (1.3.5)
nom
AR L R A AR SRR R R R S S

Frequency offset f (offset)

— T

National Time and
Frequency Standard | =—>

Digital N Zetasizer

Laboratory in Taiwan multimeter Nano ZS
Trace to the highest Transfer Frequency setting
frequency standard standard and reading by

in Taiwan software

B 1-3-10 © 47 3% @ L A2 7 A B
d B 1-3-10 » 4 FHE B @E 2w —fﬁ: N LR § R A RD G R
EX S Lk ﬁ'&l A AE %g_ THTLAFEMBRE S LR F Y RE Zetasizer f‘nﬂﬁ;s}f;z

Fed2 A i ﬁf%ﬁ?j}}%? AL A

Afy  Af Af Af
_or TP Alres | T Proc

(1.3.6)

tr frep fres  fproc
B oA 2 fu s P EFR S IR R 2 REFL P 2 HhL2 e
TEERE SIM e Af /T 5 41T B A R R E R S P R LA
EE T Al | T BIK P i@ & ol 245 R 3L o AF [ F 0. &4 %k Zetasizer
B gL AL od Pk hL ARG S ipHBE I REAT A F 40T

Af
w2 2 A, 2 0oy

u? (offset) =u2(Afft )+ (137)

tr rep res proc

48



- w
% 320 Hz g & = ehi /FJ & % 320.00247 Hz > 4 &1 i,mzc 4 g HHR R R Fr T
1.5x 107 o 4] * 4 it 14 13 4 B ip) Zetasizer tk B ¢ 45 B oof & (B] 1-3-11) > +
Eiﬁﬁ%‘ £i6 o 7 Kk w5 fick8 Agilent 10 Libraries Suite (Agilent Technologies)
BB R BIR s~ R T G Excel $25% 0 4ol 1-3-12 45T o o B4
BT 5E 5 319.999268 Hz ~ £ % X

A

10 A &P ISR R £
0.045954 Hz (n = 25561) -

-

oy

LERET
ETS F_k

% 1-3-5 : Agilent 34410A 2 #F &} 1t 4f 2 [1-3-4]

Z\'
WS (Hz) | BRE Ho) | it /eh | mE 5+
320 320.00247 3.0x 107 2

FEfET AR L 100 Hz » 7 B Lk L 4BA
FEE R o B is 0 R p > Zetasizer Hedp L & 2 A o
Fg Bx—)};?‘ 53 t‘v‘

w%@%#mﬁﬁﬁﬁﬁéi’ﬂ&w

HimkiEE R R AEITRE DD FE
FAIY 20 EHREFTIEGTE L AT RE TR REOFRT Ed Rk
HERIE LA A LI ERIPH DFITT § B R Kb Shkag 5o Tt d Zetasizer
FHTEERS 00 F F 2R 10 £ ficdpdeB] 1-3-13 0 d fodl of B3] g
R SR BT 320 Hz enig ko T g BB R S R

| T 347 2 % 320,061 Hz » 2 £ % 0.892 Hz (n = 10) -
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Measured frequency = frequency shift+ 320 Hz

Y

* H H Data | Measured
Data acquired by zetasizer software No. | Value (Hz)
Measurement Date and Time T ZpP Fnal Zets Frequency 1 319.885
€ _mV He 2 | 319263
014E38138 L4 084817 200 -0.187 0115 -
014F38138 084918 200  -120 0737 3 320.258
2014£38138 4085000 200 0419 0258 4 320.867
2014538138 LF 085042 200 141 0867 5 319.884
201438138 £ 085124 200 -0.188 -0.116 6 318.620
014F38138 LF 085207 200  -224 -1.38 7 320 263
014E38138 L4 085249 200 0428 0263 :
014E38138 4085331 200  -123 0757 8 319.243
2014F38138 L4 085413 200 1.04 0638 9 320.638
201438138 LF 085455 200 276 169 10 | 321.690
AVG | 320.061
stdev 0.892
n 10
B 1-3-13 : 47 5 5 v 5% Hodp
Jite A IR TR ESER L 1360 d X BLE)TIE BRI KL
ot 5 1.96 x 10+ d N (BL7)3- 5 i ApHHRE 4 FE 2R 5 8.81x 107 @ HEp® -
Weiv A BB R FB Zeta T BAMEIHLEE A B D o TR RS L

R

__r.lz}_?_?»

FERRE o Sl is 2 Ap R R 7 gy

4

FEE R L 1.08x10°%: 4 »cp d B % 20

%136 LM F L N2 BB E A TR
2
- u“(Afy/fy) or
fyor f (Hz L
Source of offset Af, (Hz) « (H2) (AL T) v
Traceability 0.00247 320.00000 (1.5 x 107)? 50
Transfer standard
- 0.045954/+/25561 .,
Repeatability -0.000732 319.999268  ( 310999268 )" 25560
10°/243 |,
Resoluti 19.9992 P
esolution 0 319.999268 (319 999268) 50
. . 0.892/+10 )2
Signal processing 0.061 320.061 (————— 320,061 9
*arn THLAEEMX"L - i % NEE S (N AU s "res” s "rep” s "proctE o f & fy B % A AE

FRALE S LAY T 0 -

323 TR ETA S 2 3 A U(l)

1345 CIPM »+ 2007 & ¢ B ~ ¢ 2 i3k ([1-3-5] # # 4
g kR RE AR 0 E H02 6329908 nm % ot o

7

50

—

IR ERET 2 GRS
IMEHEE A FE TR 5 1.50

Pl

3



10°, T E2 AL 949 x 108 me L B RF 5 445 5 Tk E AN

35,—2py 2 AL FARER > RN B I okl LA LB BB F ] o P - 4]

P ERE AT HTRE R AN KB R SN AR F S L i;fu
RORCARESRI TR ATV HIFE AT RTZRE S A2

REMEAM TR R AR FERY o R AAE I ETEE 10% pd R 5 500

) Za

* i d oo i

324 % Rdrit th T A 4 20 % FE TR u(n)

7 %475 42 3 AR R 1 5 Optical Express # 713 < [1-3-6] » it {I* Littrow
P H F5 0 Rk w (grating) £ i s s i 0 EE BB IR 4 T endT a5 012 633 nm
T a5 KRR RISk 20 °C Sdt a0 drae kB plE 5 13318488 A R A 5 0.003
Fi A mEE 10% > pd &5 500

325/p RAR #gﬁ""l‘)ﬁ 42 FETR U(E,‘)

BAF? AT H e B2 T ¥ e a0 T ¥ e hffh o e =
goer % 77 o9 % B NIST ‘38 cnCODATA F 4L £[1-3-7]7 & 17 odic & % 8.854187817 (exact)
x 102 Fmts @ &k 2 20°C 15 & T chfp A T ¥ B @Rl 5 80.29[1-3-8] » 4% % 7

FEE AR 5 020 (k = 2) o 7@ J\,p,,zﬁfﬁ#&m#ﬁéﬂﬂﬁﬂ EER &

/ 0.1
Ur (£) = JUF (0) +UF (&r) =,[0 + 80—2 2 -0.001245 TR A FE TR L 8.85x 10 F-m?t

Bt AR 10% pd A5 500

326 R Hw R ATA 4 2 2 FE TR U(E)

o

Zeta LR RORA A REEHZRRS TR IR ABRY AL ER URR
CRHPETERRRE o AER AR PRER LA TR T HR
ESARBUELVENUA LEFERIER D W E=V/A &7 > d P RIEF R IR S L E
(drdipcell 22 7 {&iEHE 5 2.15mm) > R F R R OA AT RV %S4 ATt 22T R 2
CRAT o FI" D iz A F R L] Zetasizer TR B T HFRIEFR &K T
g BYEE GV D Zetasizer o TR FET ARG D I g;@ﬁgl ERE S 1E TR
JRTRE o AR E 2 T AT * F(1.3.8)% !

Ft\

T
34

AV 2, AV,
uf =u? (= Vt )+ ( reID) u? (=) (1.3.8)

tr Vrep Vres

BR AV E Vy s AFBEE T R AR IR T RGLEE Bl Tl



g ic % 1-3-7 -
V) s

SIH it o AVigp/Vrep 5 I Hcix T % £ 7| Zetasizer i 1 T Rz ERIEHFHFLE ; a

AVres/Vres Bl & p Bci2 T 2 T RDfEIT AL o d MPEET R TR B2
PR RS E TS Zeta TR RRIPFTR Y AT RFER (1 V ~ 150
ERARHRESERET I RREEFTREY 2R TRE 4o * dip cell 2R
SRE o - AT RX TS 5V @ i+ folded cell i (7 € 2 T RK 2R 5 150V 0 F]pL o

TR AR

Uﬁﬂ#@ﬁmﬁﬂlii&%@¥%$?ﬁ%7ﬁi&°ﬁ%1%7?%’%Sﬁﬁ
§menip ¥R R 2 AR R 5 5% 10° -
% 1-3-7 : Agilent 34410A 2 § & 2 I 47 2 [1-3-9]
i (Hy) | 2ol (H) | s rmet | wi 7s

0.1 0.1000002 0.000008 2

1 0.999999 0.000002 2

10 9.99999 0.000001 2

50 50.0000 0.000002 2
100 100.0000 0.000003 2
150 150.000 0.000010 2

TR NPT E S 2 S R ER T A EHERT
It e R SR T EAEEN QBRI T L LT RG
Agilent IO Libraries Suite (Agilent Technologies) #-& Bl 5 » 7 %6 > B2 K 2 Bdpid
P~3% % 4oB] 12 #77 o Zetasizer 22 R BRI 5 0 B Zeta T 2pF 0 3 RHRF A U F A

CaB> a4 AC /R - 4r) 1-3-14 + #7577 » %—Zetasizerﬁ%l IR REITFEV

gﬁ?ﬁiﬂ;{?jﬁg +5 VESV2ZFRr 2T - FILT BREBBEFHIHDE > T RS TE
ER»DCLRBRA FLHETBAFEIAM > P45V HEBEFTTE - BN T REFAT L
5V g 10 A& 7@ T RISE L 5045742 V> 8 £ % 0.001373 V Hz (n =
37809) -

%ﬁ?“mﬁs?lﬂ!?@ ’
A 11}’%@—537/7 ] ﬁ’?ﬁ

5.04577 Vdc

B 1-3-14 : TRERIEXZ ERERHEPT &

B P Ao FEE 10OV P BRELRLEGA G R E R TRIENR DI A



TR FPHZEAFEIATRE LS FT Ao 1-3-80 0 N B18) T E Mk p TR
LR A L 519 x 10° G HTRL 5V A THRIEA S 215 mm lRT o
HBsp BB IR S 1.20x107Vm™t s §rcp d B L 58

%138 LT REBL R BBEE L IR

Source of uncertainty Type Er?(l:aetrlé ?n‘c‘t??f?xrs Degrees of freedom
Voltage, V B 5.19 x 10° 58
traceability B 5.00 x 107 50
repeatability A 1.40 x 10°° 37808
resolution B 5.72 x 10°® 50

327 #cith B 1A 4 2 A FEEA Uu(h)

d RS L FRT S0 A A2 Fei A RR LB G 12.8% A KRR o 4usk
A E- RES(4-F] 1-3-15) » £ # o n L hotsie » APD WRIE - BB §
Bk 2 R d BRI DItk T o2 2B 0 RN 5 F]Sk R T (4 um)Ap
R BT S B R ] o GRS T TR E hEESE R 2L 1T eI T T R
Ee X REATR 0 FY o RACHER DI RIAT F ARSI RIS G- K
PR A RBFRTE R AT o A LR * R R EA G LA 8 mmo ARSI D
REGPIEREY BB AL T5mme B A fid A LT R EEDER L 0
=2 x tant (4 mm / 75 mm) = 0.106566 rad > X HL FEA A F > EETFFER L
0.106566/2 v/3 = 3.08 x 107 rad - B AAEH A mEME 10% > pd &5 50

USP 7217350 B2 3

Bl 1-3-15 © 1% B & &fc & # S40 L7 2

328 3 12X A 4 2 3 FEEA U(f(xa))
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R R RS R Faa>> 1o 5d T 41258 (3.1.9) ¥ “r 8 2 f(ka) B § ABIT
Mg

L5 F P A BT A DR AR B - BT R
f(ka) = 1.5 %3+ 5 Zeta 7 = o
f(ka) =1+ [1 22 gy (13.9)

xa[l+ 2exp(—xa)]
moAFEE kST Rk S s g <0l 2 20 nm 2 200 nm > 7 0.002 mol/L 0
NaCla;%*® xa &% 18~138 > ¥ % B & P &' Aia2 i » AR %I H 7 FEEH S
2. fka)lice 2 B2 /ma &k o d 32381397 v f(ka) 2 B2 ra R v d T 503

5

U(f(Ka))=‘/(§f—K) (K)+() *(a) (1.3.10)

#¢ sk 5 Debye-Hiickel ic; a 54+ L/ » ¥ BERICRE ETRE L) 2
BEAEETE LAPHBRE I RIAT 27407

U(Np)2 U2 u(@)2 () ukg)o U)o
ur (%) = J[,“:] S B e B B B k: I+ =1 (13.11)

§ CODATA F#LE ¢ 7 4r > I ¥ 4c B f i Na 5 6.022 141 29 (27) x 10® mol™ » &
A3 758 e 5 1.602176 565 (35) x 10™° F-V (1 Coulomb = 1 Farad x 1 Volt) » ji %7 § % #c
ks % 1.380 6488 (13) x 102 C-V-K™ (1 J =1 Coulomb x 1 Volt) = ;%% 4 & ¥ #c2 4p $HE
WA Ad 3257 405 0001245 TRAF AR LRI HA |2 SHERT 22 LT
BRIG T R AT .

Ak serie v Rl iE 2 5 20 °C > NaCl k& B % 5 0.002 mol/L o f— v — s
THIRFBRY BRI RABAIERAE S T ag};t:;; 0.002 mol/L = ¥ B jk & ¢
THE G

g

_mol _g/mol _[m]/[MW.]

Molarity = Y (1.3.12)

HARFIEE T A G

_ Ju(m)y, o uv)y, UMW),
Ur(l)—\/( e ARG VAR ARl SrvTyvan )’

(1.3.13)

d IUPAC chsp £ [16]° # 4 ¥ 2 ~ 422 R+ £ B2 H 2 e & > Na: 22.98976928

(2) g/mol > ClI: 35.453 (2) g/mol » #]¢+ NaCl 4+ £ % 58.44 g/mol > % 2 FE 2 A

—J(2x1078)2 1 (2x107%)2 20,002 g/mol . 4a 4451 4 £ %% 5 0.002 glmol / 58.44

54



g/mol

=3.422x 107 -

fe i3 % o1 g * enx =2 Micropipette

Ri3FE4 404 1-3-9 2 £ 1-3-10 -

# 1-3-9 © = f=Precisa XS 225A 2_ F & t& it 3% £ [1-3-10]

AL (mg) | FAL (mg) |£A4FIE (mg)| i FF+ | 27 IR (M)
10 0.0 0.07 2 0.2
20 -0.1 0.07 2 0.2
40 0.2 0.07 2 0.2
70 -0.2 0.07 2 0.2
100 0.1 0.07 2 0.2

# 1-3-10 : Micropipette 2. 4 #% | & 3R 4 [1-3-11]

RAEE (ub) | BRlE (ub) | BE (ub) | @ FFF | B TR (ub)
100 102.3 2.3 2 1.4
500 501.7 1.7 2 1.4
1000 1004.1 4.1 2 1.4

Zeta & =4 425 ¢ »0.002 mol/L e = ;¢ 5 & B~ 58.5mg NaCl> 4 » 50 mL 2
ok EFERRMPEUEAT P FRBER HBFERZRDE o FPLFE 2 HA
PREIRYEREFRY RA DI ELE AT > TR FEOREI ARG 0]
mg: tp¥HiEE 2 Fa 2 & 5 0.1 mg /585 mg=0.0017; kp g iR 7 ek 5 0.7
uL > 4p $H4R 2% 72 fp 2 & % (0.7 pb/ 1000 pL) x V50 = 0.00495 « 34 F £ e WD
MRS A FE A S~ N(3.1.13) T K@ a I kAR P IR 2 sm A L 5.23x107°

Zetasizer 2 %3 R EYd KRBV FXERERIKSD AR RHSE %?%éi
FER CEFFMEIUBICESGS AL O TRESFASESIERAE T AL
TR TR AR 20°C ARAEPTATEG G 0 2 RESPERFLE #%—‘E/F"J“ %“
BEirharESERENCR 13-16) "R B EIT%H TR A EE GRS
Zetasizer °

i




R FEARE KRG REES RS HERETL S A BRSO R S o A

HiEE 2 e 2 v * N(1.3.14) % 7

AT, 2 AT
o? P () 22 2 (13.14)
tr Trep res

BY ATy 2 Tp s IFIRRERAFHRFTREZEARABLIBE RFE 7 #1
FERBRSERFZEREAFLFL B D ATres/Tres B
2B BRI ﬁi«ﬁ:ﬁr’%

SI H i o ATrep/Trep % F1 % i

kA BEEROETARAEL o MEEEF R T HREL
1-3-11 - &% 2 g% A 5 0.022/2=0.011°C > 4n 128 7 /223 % 0.011°C/20.002 °C
=5.499 x 107 -
£ 1-3-11: #cif B2 B AR R R4 [1-3-12]
Rl CC)|BL (O)|imFm+ |Hrrmer (°C)
2 0.022

A (°C)
20.002 20.006 0.004

BRI 10 24847 F R B TioiE 5 19.988 °C - &% % % 0.002 °C (n =

*

B
122) o fei B R B)
WROAFEER o =B AT
% f R R AP HRE 2 R R 5 5499 x 107 -

%5 0.001°C 7 ERELIR LS EA G kB K pERTS
FERR R R s 13120 ¢ 2 (3.L14)7 2 E 0

301-3-12: AR R REER KRR

Source of uncertainty Traceability Repeatability Resolution
UX(AT\/Ty) or 0011200027 | (2092 J12 (0.001/ 243 2
U2(AT, /Ty )? (© 002) 19.988 19.988
g2t 8 Debye-Hickel $#ick 2. £ 7 287 s T ?[;wr%\» 1-3-13 > d 3%(1.3.11)
L8 E % 14653 x 108m™ s Fpt k2 R

A eh #B?ﬂ‘ﬂ?z FET R 5 0002702 k2 35 B A

=

41.
_%
A FETR 5 3.96x 10°m*?

=7 =21
L
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#. 1-3-13 : Debye-Hiickel %%k« 2. 7 F& % & $c (8 B2

. Relative standard
Source of uncertainty Type uncertainty us(x,) Degrees of freedom
K B 2.70 x 10 4
Na B 4.48 x 10° 50
| B 5.23x 10° 61
Mass B 1.70 x 107 50
volume B 4.95 x 10 50
molecular weight B 3.42 x 107 50
E B 2.18 x 10° 50
E B 1.25 x 10 50
Ke B 9.42 x 10”7 50
T B 5.50 x 10 50
traceability B 5.49 x 10™ 50
repeatability A 9.06 x 10° 121
resolution B 1.44 x 107 50
§ 2310 f o T =lr {3 e 5
Yoy (319)" E1 - 2 Ka[1+2exp(—/<a)] ’ J}"i’ K% a IEJ/[V(A 18 =
5 B 2.5
of (xa) _ Kexp(xka)[l+ 2exp(—z<a)]2 zcza[1+ 2exp(-xa)]
oK 21+ 25 4 (1.3.15)
xa[l+ 2exp(—xa)]
5 B 25
of (k@)  aexp(ra)[l+ 2exp(—/<a)]2 Ka2[1+ 2exp(-xa)]
oa 21+ 2.5 4 (1.3.16)
xa[l+ 2exp(—«xa)]
AR R BLATR H Lﬂ—-}%ﬂ + R I BT (S 2R UT[20-24] 2 A AR R K~
F(1.3.10) ) ¥ KB Fonfka): %7 e R > FR2A4c4 1-3-14 -
% 1-3-14 1 T AR F gl 2 f(ka) 8 7 m e
Sample Diameter (nm) k u(a) (nm) f(ka) u(f(ka))
Thermo 20 246+ 1.3 2.07 | 0.628019324 | 1.059 2.539 x 107
Thermo 50 426+ 1.3 2.07 | 0.628019324 | 1.096 2.688 x 107
Thermo 100 | 104.0% 1.3 2.07 | 0.628019324 | 1.214 1.943 x 107
CMS-100 111.2+25 2.10 | 1.190476190 | 1.224 3.388 x 107
CMS-200 188.8 + 1.3 2.07 | 0.628019324 | 1.304 1.002 x 10°®
329 £EAF M B RITA 2 2 F I TR U(Ad,)
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EAFMOA IR FR 255 2 LRI SRR RS L Ly 0 0
FREPRILHEE g FHEL Sgc AR P REAAFERAZEHAGFTER 0 £ B 15
Yy VHE DAL BT IOE Zow £ EE L Sow ° 199 ISO/IEC Guide
98-3:2008 H.5 12 {7 % B #c A +5(ANOVA) 2 FHh 2 » M 2|u| oML R R 28 ¥ > L 2
AR AT EAE I RTRZFE 3N o FEE S T

2
F=a
;2 (1.3.17)

b

Sao % 15 wHcdh2 mp T B R o0 s 5 24 % B dk(pooled variance ¢ s,°)
7d 15 e fcdp2 Ep RE LR KE 2 E S e

Sa—6><s (zg) »v=15-1=14 (1.3.18)
1 15
_ 2
_Ezsdj »v=15(6-1) =75 (1.3.19)
-1

% 95% -k ET o pd B 142 75 hF ipf @ (Fei) 5 1.83 0 £ d £ iRldcds o

FEA " Fiphid 27 0F i H¥L8  EHBERLPEIANL BT
B2 L A7 UAd ) =53 /6 =5(zq) 1 £ d BiplBIE T2 F ] F R
AR ANFARL EHPLERZIREIATNI AP RELFE
u(Adp) =5t 1446

33 iR TR

1345 ISO/IEC Guide 98-3:2008 G4 » % 8 i#] = #2358 y=f(xy > X2 » .. xn) ¥ » F 2%p 4
B ver ¥ @ Welch-Satterthwaite = %2+ & :

us (y) ug (%)
0 = = = 3.20
) ZN u(y) ZN c2u?(x,) (1320
i=1 Vi i=1 V(Xi)

He ou)s BB FETR UX)E & SB2 BEAFETA > UX) 5 &8 4 FE
TRZAD R FUAPHEE T FEE R R E B A EE L A 0 T [uly) Iy] = Z[u(x)
IX] o Rl »xpd R385

[u,(y)/y]*
c 13.21
S 10/ ] (1.321)

eff —

AP FRETRZ A REERENAZT Tvga=n-1: 7 B TR A
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R RIT T RE A ERALAHI RS

1 Au(x),. 1,1
Vers = u(i_))] =2 (2) (1.3.22)
FEARLI0% Pl A o B % 5093287 £ 3572 FE A i &~ 2 (3.1.3)

2 (314) T AW LS B b B A

34 H o FETR

Wi E | 7 FE R TR 01 ¥ v 4 FE 2R (Expanded Uncertainty, U)= ;% &7 » H 2
B AT T
U=k x U (1.3.23)
2P Kk % E F]+ (coverage factor) » uc 5 e EHEBEZ R TR o i E F|Fd £RE
*x

R R SRR AT FER R G R R v BRI

K

B 95 %
2 HF k% 4% Excel mﬁz’lﬁf@* F13 > % k= TINV(0.05, verr) ° o 3+ 5 2 % 7 4
TR Gk BY S 140 HBTIEE TS k= 2140 I AR T 2 FpT

"=

B E A FER R 4o 1-3-15

% 1-3-15: 8%k 32 Zetag =TIE 5 B P TR

CMS-100 | CMS-200 | 5 | S | Si00n
P EEEF IR U(MV)| 073 1.25 2.56 2.99 2.44
TR A B vesr 14 14 14 14 14
o 2.14 2.14 2.14 2.14 2.14
B2k UmV) 1.6 2.7 5.5 6.4 5.3
Zeta § =& @l E (MV) -62.4 -67.8 422 | -56.4 | -59.4

d > CMS-100 2 CMS-200 5 R #3&-%F % 3 p (THRFL R F ¢ ’ﬁ g =
’?."TZ» T ix > BT 3t ApiBRERENFZHFBALAFETAE G 2TMV

N

ﬂ\*‘_]_ /ﬁ .»um/, &fui#’q’i ’ _:_ B A ﬁPFmF\ ’ ]% * 3’}"1—— ‘KE‘.]"I /E'J 4 B"%—FIY— fﬁ fjf’f'i
Bl > T R TR THEELT A TR o AeE TR IR S LR FR
Z o RN EHNHEPITEY 2 FRELIEEZ LT R fiL Zeta & i~ %-62.4mV ~ -67.8
mV ~ -42.2mV ~ -56.4 mV ¥ ~-594mV > ‘f | # P FR A REE FRAKRTEE

\\\?{r
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WL o 41 T R R RS o Zeta B BRI ZP 5 AR gl o N 5 R
W5 T AVG S fRIEL Sco 11 FL UCL S fr g 417 12

fE R 2R R
LCL :

1 N
AVG = — E P,
N
i=1

(1.3.24)

(1.3.25)

N
1 2
S, = —E ZP; — AVG
c \/Nl.l( i )
i=

UCL = AVG + 35,

LCL = AVG - 3S;
FI* BRI RTERD IS LA Pl R TE R T

U F R E T R

4, ot B
Hs ko § e 103 8 1 15 p

P2 ks 800 % 3i-Zeta T =4l | HEE R4
7o AR R % Mﬁiﬁﬁ‘§4$ﬁi’%§*§ﬁﬂﬂ§lﬁ§3$%
REFE-FECFCFIRE FEARER o FFHTRAR UG o 7 ew
Bk 1R 4“*“&ﬁk#ﬁ§&

e .\.W’F{fr‘! IR I St IW#EI ’L%iﬁ vl R ARZE
LR e g EA D AR RHER B AR R S B 2R E 4 ko] 1317 2

1-3-18 -

Bl 1-3-17 ** g R 22 737 § 7k
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Bl 1-3-18 %z FTIRI A%

EFFAR TS ER R EE 2 A AR TRERIE G o0 REZER L R
BE v SRTF AR FREIREH L LT 25 ﬁﬁffsti’i?ﬁﬁﬁw
M AL B o FiBHH 2P - RER, VAL RABETF > VEFSERNSE
T 3 N R JRFE ©

[Haeg]#7]

(=) #FeF ST FAAELN:

0 R PR A 40 AR iR e Ft o L RA RS B A
PFEBEY R AILE LA Fend (T P EBIReniB it e N1 B A p W ISO B E 2 48% -
p;ﬂﬁﬂ,ﬁiﬂwﬂﬂﬁ&&ﬁﬁmﬁﬁ%“%%’?%mﬁ%—iﬁﬁ#+ﬂ*
N eSS A ;g\;;;;y«s« kP AL AR R R RPE S R Y A S 2
ﬁﬁ@%NHnw BiEeA LRI LRI FL - LBR K %Wﬂ?ﬂaj&%
2GR U4 B 1-1-8 0 BB T BREANIF TR LR R TR R E
EERFE flche™ £ 1-1-5 #17 o

Btk BR R fE 0 AP AL B AEC B 0 M RIS R T R A Y 2
£ 4o b & 5TEI(5-AA, 5-aminovaleric acid)i& 7 4 47 0 B 2 IR Sdicde £ 1-1-5 AT o
BREFTHERATE L RS A F IoR 1190 St x AT it o
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B 1-1-8 423 2 BH e

2115 it fdeR 2

1t 2 BRI RTE BBl A ROR] i
Hwbde | LISMHz 27 5 # 3% 9000 rpm 15 4 48 | 5-aminovaleric acid
: 33.4 nm
§CV=371%
| @Eft
‘ 31.1 nm = e
Hcv=81%
£ |
il‘ ‘
£

B 1-1-9 Bitidz2 A+ 2# > CViEd 371%F 5 81% > Tk s i 31.1nm

) ARSI A G ERIEN

AR FATAIATEE R BET%QﬁiE'Jﬁ;ié P XEERER SRS AEITILRE
g moe vt g ff 2R S0 IS SPES THBRTEEIEEZ CEREZE
A oATRRIATR Y 2k #Eﬁn%?f SRR ARV R B PHEC w Mf S 7}@:
R A el Rl B R JMRT R RSIE imdhigim o (TR AN Lo fFER
SRR B G B e - LRI W R G FRE D Z G A AR o - ARBR TR SR
WEZOAR FAL RG22 FREE2EEZ LR REA A R E
FHFARFFE A0 FRB 23 BT A5 TR E A G 4 472 Langmuir
E R AR T A BET 20 2 5 A A 7RI EE o FRFES Ao IRER 5 F- 2
Bk RV TR R e 2 KPRt s eSS > A BET 2% g
ARG E o T oER 3 EE R R F ME - SR nde 2 ka7 BET R B

(

1y
o

-
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EE—L- /%‘ &j"‘;ﬁ? £ /'% ﬁ“ﬁfﬁ & ’?ﬁ/’v\@ P/PO mf‘ﬁ ’ J'l'? B* P P/POT \:}\Kﬁ-:—g(?qio }' N

— 8L P/Py ™ BET Mt A2r B 4240 2 4piT 0 > 3 b enE_BET 2 2T 5F 5%
HEMEAHEA L] A EREVEANT IR P AW RUENFFEZELEEE 0B

T T pem gL B oo LN FMeogE o £EE GBI ERE
HEGANERL A F T FRAB L FENFARIL o A FHHNAIRTEE - 7 BET 4R
T o PR H B Fp a;ﬁ“d R4 e sz @&7&] % LABEARD ’fgéi%

' 2

| iegim (T2 RP 20 FER SRR E Lo
PRETR AR A MORFEZ o B g
R FHBARERS R MR A RE RS AL & SRR F o B
T E A ETRE BT »";ﬁ_z FRERR E=TimE SIHE =2 % B ERPNEE
Emik oo B 1-2-9 L AP HE R 2 oy GBI APM R Sl o

n,xN xA,

_1 _ i

?ﬁ

\\\?{r

ST units BET I
mass(kg) ,Length(m)
(1 s X ( X I)
’h”
10
(L, =PIl +(C =D —]
Py
1 Bl BV R PRI
IS0 9277:2010 yas = -
Pressure (N/m?),Volume (m?), Temperature (C) RTm RTm RT( -ole RTnbm

Appr surface area(m’/g)
n,,. specific monolayer amount of adsorbate (mol)
Nanoparticle Size Taqs° Specific amount adsorbed (mol)
- -] measurement system - ‘$1_. mo]ec;izr crois_';-sectio]na; ai;ea (nm?’ )
- mass of the solid sample (g
-2EL srnitos zuen big) N,: Avogadro constant (6.02x10°3)
P,: pressure of the adsorptive in equilibrium with the
adsorbative (Pa)
Standard Particles, Agzr P,:saturation vapour pressure of the adsorptive (Pa)
m’/g - 550 m’/g T: temperature (K)
- Vip: manifoldvolume (m?)
R: molar gas constant (J mol”? K1)
C:BET parameter

- Jé;%;‘gq:](;%;&v‘ %‘é‘;n‘:i—”r Zeta % i@ 0 % AW #KF URTE Zo7 0 BALR
BRREF I ELIRRE o 2 d R RS ZRIT ) 0 R ERRERE R
CRILE. s PRV M)l E 2 £ RERA TR L R RS
feeri r iRl S b HEYAFA L 13 (drk 1-3-14) s L E BT AR

JRTVE A ARSI RY T AR BB A B Rl Zeta § i o

o
W
2

)/
sl
=4
>
)

2 3558 ]
AR ST FAREN 203 AR ERF 120nm~100nm > CV<15% -
63



ROF SRR R F MRS Tl AR 7}3@*”}5’34)3 MR AR AR &AL S
JRo @ S it 218, TiOpk+ 7 % MBI g7 o Mt Bt » g 7en TiO, 3
oA R A R MR R G PRk A A g £ pF
AR R A 52 F 41 B8 % o) 1-1-10 ¥ 7 o

Boil o GARE TS B 2 H(OECD)H £ 2 Ak RIS 4 > 2 @ 2 4k 3

LRl BMAEE S Rl AN SR RES ] +ﬂm\m\+ﬂ+@% A
WAoo~ AR VR A REE o Fpt > APFFRERGE > E2F T 5T

$F 2 R dok 1-1-6 27 o

Ti0 TCBU
Bt —————
P == ’ ..................... —

& Y +
E31 Y s ¢ L
530—_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
229 r
b
*;EJ28-
227 1 1 1 1 I 1 1
I T T T R
R T E T S R S
g g 2 g ¢ £ ogog

B 1-1-10 £ FRE A § FIH

%116 2k+ 23 T2 2R

P BE 4 S dic EIRE R E =S
1 Particle size DLS ~ DMA -~ SEM dodkopF AR AT

v A DLS A4 0 &
PR AP O | B R S Ol
FARRS AR T

2 Size distribution | DLS ~ DMA ~ SEM L@ * DLS(-k® & 44
P4 ¢ % )& DMA &7 §

Bl o F &% SEM B ip|a#
TR T ET P RET

300 %f o

3 Shape SEM SRS E N SRR I
Flw 2 Y R

4 Agglomeration | DLS ~ DMA ~ SEM FLAEERK? RES

state / Aggregation & %72 DLS 3 4 > SEM 2

weFiEzF ¢ REDMA
FEET

5 Composition EDS -~ ICP-MS -~ XRD B 0w % SEM ¢ ah

EDS i 7 & plkF 4 o
ICP-MS % & #5330
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6 Surface area BET ERZERITEZ T o
7 chemistry & pH ~ Conductivity BFBRGRIES .

Surface chemistry

8 Surface charge {-potential B SRR ATRIR R o

(=) 2R3 20 fERPw
PP RBYREERER  FTEENREN I LA ATERE (o F P
ﬁhwﬁﬂﬁk‘mﬁd*ﬂﬁﬁ*LﬁLw’#H“ﬁﬁ@ﬁﬁiﬁ,%%%ﬂﬁ
*’?fi‘aﬁﬁﬂ? s b 4ol 1-2-10 ror o B ERE TR EBR *K—F BREZ A EE R
Do gt ik K2 REAR @Jﬁﬁaﬁ’amﬁw@m@@aﬁ’ﬁmaﬁamﬁ

PR S L B G BB SLEDR Bk S

B 1-2-10 RB|REFEX > d 2P| L A8 s BB R4 FEERY

(E)z e+ 4da THERIBNF
%ﬁ%i%ﬁ?ﬁiﬂ&ﬁ’{W%ﬁi—%%ﬁ%ﬁiﬁ%ﬁ%ﬁ?ﬁiﬂﬁ
Seo AM R P RPRERFIE SN2 EEK S EAREF L2 LTRSS I AT
R > BREGERP > X h- L MBI p FAULRFCGiRERS FL kR
APHREMER AR TP RF N RERERAG 22 R iR RESET R
FRII BT RS & Zeta ¥ ST 7 GO A (T RE @R d & e
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S BN E L RREE R R

EFRES
(=) Eefy e RIRE 2 4 F & Rl
(1)F #% : HOPG fH# ¥ T RIHEMAT Y > ERIE4HF < 15% -
ERIIFIE TR 2
Fh\Fapmstdaxi % J’»ﬁﬁ#’f‘rﬁi v E R G UAFZ B RIRE A

BETATRY ARG AL M- S AFM s F BB T AR ER
GEEEV EEF S5 T T ﬁw%?i@ﬁiéi%v%é-ﬁiﬁﬁlﬁﬁ*‘ri FELR > i
LR o AEF Y Bid € 2 R AT 2 H R oA AT T MR RIA
A R S 2 U E T e %”?@ewﬁﬁﬁﬁﬁ R R
2ok BT AP BRSO g SR GAzd m XL o AP H A e s S
EIEGERES T T M A 0 £ ‘i?”%ﬁﬁ?&&d%iiiﬂﬁﬁ’
HERELAFHET I 5%

B)* &2 i E

ELEWAEY MR TR ARRAR] o 57 2013 E FE L EWH R
i B(International Technology Roadmap for Semiconductors) > R &4 & e k& 2 (Gate
Line Width Roughness, LWR)>* 2015 # & £ 4 1.34nm ™ » H R 2 e T B { &
R 027nmo ptF BB TR FN S REFZ T RRE A RIEHER T
7 + & 4 (Scanning Electron Microscope, SEM)&_— E-i& & plicz £ 350 2 <1 2 ik
RoRmBfErREA L P ailzfEsn 7P ﬂéﬁﬂﬁéﬁiﬁiﬁﬁzﬁoﬁ
7 ;% % & B ikcsi(Transmission Electron Microscope, TEM)E2 X455 = 3 F & &2
% 245 4 ’@ﬁvﬁ%ﬁﬁ%ﬁfsﬂ%ﬁ%%’ﬂﬁ%@fa¥ﬁ°ﬁ44@
Mgt (Atomic Force Microscope, AFM) 12 2 34w 7 "¢ 7 7 & i (Scanning Tunneling
Microscope, STM) & LB 4k R » & fE47ac 4 P U F| 2 K % & & 5
ZE K E oM TRPIRE - RBRET FETRE  CERERITRE TSP GE
B2 ST HRE PRI AERAFER c RSB AEERE R 7 E ] 25 nm
ez BRI R - M%ﬁ%h.oﬁﬁéﬂ?*i@%ﬂ gﬁ
(HOPG) #i & #2 # #ic (0.246 nm) 7 2 R 2 F 4% - K3FR R €472 5] 5
% v 2 * ket AFM =X 2 f % &R 2 o
[2&ER A3 %]
(-) HOPG & # % #ic & Bl HisFT 7
*E 7 AT Rl HOPG #4342 8.d SPI 2 @ #7px & > A 5. 5 Grade SPI-1> & <t 5 10 mm
X 10 mm x 1mm > 5 F . ghic & 5 0400 )t & RA% | A 4 F HOPG Tw AA%F (- & &R
0495 3592 fF) j&m A % £ 6 & IR &A% - HOPG & 12 & B chI2 3 & 4§ 2-1
AT o R T A FRE G- KT ER SR NEGCEATHL LG o
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/ N J

* oo o0

i | |

| 335 pm
L@

ﬁ‘w‘o‘

o9 & T142pm

|
I

il oo Y o
-
A ¥ ~0.246 nm
® 2-1~ HOPG %4 % ~ 57 & B
FERI 2 A BB RFE S BRFARESREALES S 2 P R K
e AL RBF ot § HOPG 2 ¥ 2l pF > I RIEFIES » &2 3B ¢ &7 2R X $hT
7o F BRI TR X fhfe y B SRR RIEF ¢ AL 0 a“aféw'%'\%’i
TREFER AW FRESD ‘L%*ivwﬁQ’”#lﬁLr~ﬁLﬂ&
Frilr el 27 68 HEBE 4B 2-2)7T 0 L piF - I SR+ P
WX frydh v L5 F Vi E Ve 2 BB ER > R Fh ra~(S|0W scan dlrectlon);a
e Y B ed T PE S LA R MRS X D o 2 R TR R s e - I T
BIa g i yWBRAE Y S e BAEHBEF Vo DR § T3 B ERERE
Lae 72> B W 587 %> Dt RREFH 2o (T AT)F R EEIN 2 ERE
BIE Ly > AcB] 2-2(b)#71 o #tPF Vgy ¥ d (2-2) B T2 5% B 15

_ Lb_La . -
{5t o

FIZ > 8 KB X 2 2 EHEF VP VEFR AR 0ORT £45 i E
R TR -

(a)s==-- V, Thermal drift
; L, A V (1
Y : : * "I Slow scan dx
-1 direction
L X de
(b) ™ Thermal drift
| Slow scan Vis
y 1 |Ly, | direction
I
R 4 Vay
L x V

Bl222 k&> T g7 k2@ ikdd
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F.

e F 18 Voy 2 Vag 2o t6 » ST ¥ B * fede RERIE P T fdr izl o F ERAHRFIE
v ERT ERIGhE - Ak O (4o B 2-3 477 ) 0 AR (2-2) AR ERESA H B I

182 e P

l

Q=P{@—%ﬂsié}+&—wgcoﬂz (2-2)

B fo B2 1 1520 B R Elff?ﬂpmm#ﬂ“fﬁééw Gl BT RBERGR T o

Bl 2-3 &R HFERFE LT ERHTR- 4 4 0

Bl 2-4 5 &% STM# 4 HOPG 2- 3nmx 3nm * /| 2. § i i &2 Fific+ ¥ &
E]Z-li.éif#f A m T RN SR A E S 0246 nme g ¢ ERS LEFES % B
2 AT RRIFEE s F&REBRE XhE ydhz 54 k¥ -

277.5 pA

Current

B 2-4 STM ## 4 HOPG & 2. 7 in 8%
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\
\-{ﬁﬂ
XK
beics
|lo
=
&
(w
g
kg

s R R BRI &R FoRTARDREFK > L FRHER
T RRIAPH I R FREE T U EDR2528% 5 B25@)5 A e LR E
PEZ BplE > AR 250)5 B 2o P EERE ¥R REFH > 5d T
At pEz g ERIMEFRH > Ed P ATHFRBLERE A TRIAREPRE
2 Tk gi%mﬂ4¥<@7wk%ﬁ&&1’ﬁﬁ&&W@@k%g5§w@n@

W

m

N
‘3\

ARG AL ESZAE S BRERATFRE AR A F RITAER S ML RS
%@Qﬁ%@*@fmlbﬁmsa@%HOM6 3§ aﬁzam\3~aﬁ?&3ﬁ
féﬁﬁﬁiﬁﬁﬁﬁ’@iﬁﬁﬁﬁ&%%ﬁﬁik%iﬂ’jﬁ%@iﬁoiﬁm
FATFREYAREER G L F ARGES OFRT B2 P Ny =

%

&
2]

(g
IR IR
(w,

JFls
<

0.26
(a)E 0.341 —=—capture direction:down (b)-——
P —»capture direction:up E 0.25
= 0.324 g
< —a_average m
< = 0.24
= 0.30 =
a 2 0.23
= =
@ 0.28- 2 0.221
3 2 —=—capture direction:down
@ 0.26 ./1\-—————' o 0.214 ——capture direction:up
= = —a—average
0.24 . ; . 0.20 . : .
0.00 0.15 0.30 0.45 0.60 0.00 0.15 0.30 0.45 0.60
Scan velocity in Y direction (nm/s) Scan velocity in Y direction (nm/s)
Bl 2-5STM A g% b RERFH > v RF@A> w2 (0)B > » 2R E2 B

%iﬂ%%ii%wyﬁﬁﬁﬁ%% ASA D R 10 R TR R SRR
ZrdrB 2-6 1o o HFILAZ BA R f w02 nm/s 1T 2 Frigad B v ARG R
A Rh o MEF SR R B A € rbrAR e TE o gt 0t o BEARS O RV FIR RS A 2
EE RV EI RGN EAdEZ THE S ERF ALY & HOPG & ¥ #32%
BT REAFG) FRESBAF P 2RIV RGF LRI KR EREZKREHLE

3 PP 7
RIS TR T i AR B R A O
(a) 0.36 (b)0.265
_ —=capture direction:down _ —=capture direction:down
E 033 —»_capture direction:up E 02604 —»capture direction:up
< .30 —a—a@verage o —aaverage
:‘é :‘é 0.255+
2 0.27- a
o T (0.2504
2 0.241 o
2 2
S .21 3 0.245
= =
A T . . . . 0.240+— . . . . . .
00 02 04 06 08 10 1.2 00 02 04 06 08 10 12
Scan velocity in Y direction (nm/s) Scan velocity in Y direction (nm/s)
Bl 2-6 STM {2t (57 I fiid #45 © v & R @A > w2 (D)B * v £ ip] 2 F 18
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&d STM B Pl = e B GEM A F 2 2 {8 ,?;tz.s.w*;){%m 5 AFM + o AT g i

2. AFM 1 & %21 ¥ & Bruker - A15L % Dimension lcon [2-1] o 5 £ d » 257 7 3 * 37§
Frd 22 S WIS A EBRITR o AFSER R L 3? A R iE S o gt ol
R RFHER 1 (Stiffness) ™ 2 i B+ » H B R R PR RS G e 0
AEff4 B e A2 BAL o FrttE R v d Bruker ;J%zl_@m & 2510 BF PRI
g0 HAI8E 5 SNLe % - 424 A-B-C 2 D £ 4 npiFfees s » 1= & A
TRehR Ao 2-1 0 i BATEER]E Y L2 1 N/m 2 gh0d F 245w 0 3 2 nmo F]pt g
FET RBERAHRPG AR P FECREF2 B GFHER -

% 2-1 AFM = & 255 R P4 AL 45

Resonant Freg. kHz || Spring Const. N/m Length um Width pm
Shape Nom. || Min. || Max. || Nom. || Min. | Max. || Nom. | Min. ||Max.||Nom. | Min.| Max.
A Triangular (65 50 ||80 0.35 |0.1750.7 (120 |[115 (125 |25 |20 |30
B Triangular |23 16 28 0.12 ||0.06 |0.24 |205 (200 ||210 |40 35 |45
C Triangular (56 40 75 0.24 |0.12 |0.48 |120 (115 ||125 |]20 15 |25
D Triangular |18 12 |24 0.06 |0.03 |0.12 (205 |[200 (210 |25 |20 |[30
g2 AFM B4 F BT 5 3 R T RIPI% 2 K s f e ARG
H A > & A7 EH* B #H5 (Contact Mode)"E e ip) e 4 &g i (Lateral Force
Microscopy, LFM) - ;ﬁd Bl 3 ERIEFEE DS F 1!# S RIS AR

Ty RAFERFS AT RS F15 34 HOPG £ g P+ (EH 4 B d

it > drd & e R PRERBIAEESAL Roded » L 5d § 5k
BEE R HEd @ zvquif!afg»\ PN T BRI R 2 A& S8 4 ¢+ (Scan
Size) ~ # 4 % A& (Scan Angle) ~ i# A& (Scan Rate) P~ 4 #c(Sample/line) ~ XY -] g
(XY Closed Loop) ~ & = 4 (Deflectlon setpoint) ~ 4 i (Data type) 2 Z fihpt P B e/ T
(Piezo)%;‘ﬁ‘i%rﬂ(z range) & > 44 2-2 #11 o nE'Jra» 4 &P HOPG & - # ¢ Scan Angle & z_
% 9009 E Pt iFdy > » BRAEL T ¢ T E K 2w HEY ;ﬁérf;‘:,m XY Closed Loop
XEsoff iR reang 4 H s S EcRAR TR B e TR B L R F B R e
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% 2-2 AFM & Pl iE i+ S 3

Scan Size 3nm
Scan Angle 90.0°
Scan Rate 22.8 Hz
Samples/Line 512
Lines 512

XY Closed Loop off

Deflection Setpoint | 2.500 V

Data Type Friction

Z range 0.5 um

F1# 7% B R SR [2-2) ¥ de B2 R (7 AR o 4T o B AT R i B % Flatten ->
Spectrum 2D -> FFT -> Inverse FFT -> Section (4c B 2-7 #777) > H 1 & RIZ A& L KRl 4 B ij
TEEEE L - R R EE RS R S R S B AR 0 R
&£ 1 * Section # 2| m #% B~ 17 HOPG infy t2 & & o £ B > w 4o [ 2-8 #7751 » >+ & 5& Section
PHBPEd b REFIER S F EHRFIEAPFEREFIEDL BY R c BEBRDG LRER
FET 300 K18 HOPG & & R @ R T 30E » T3 EHREL Y uR X R E4F1E -
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Friction Image

Spectrum 2D
FFT

Spectrum 2D — FFT Image Inverse FFT Image

Section

Section Image

B 2-7 AFM 2 a2 ¥ 2

Ed BUHJESAE > 2 RE AFM £ B Xy #his 0 £ 74 HOPG * rigrint € Bl £ 4F

_-'_ -
Moo AR EPE 8 Bt ST R e (T A~ 45 > & 2 7 Line Direction i Trace(#f 4+

PeiEfFrdwd 21 +)% Retrace(dF4 P2 #Ffd + 3 2)B 2 1 3% - 2 ¢ 4 e Capture
Direction % Up(d T B4/t #Ff) ¥t 4 2p] 5 Down(d *F B4/l T4 f) e o= &3 n’z»\ﬁl
ﬂﬂ?r Section # “hl‘gB"Sf’;{HB’féFﬁﬁEﬁ’#"-'-BB*)\.E-F'&&E'@EJ%B"Q 'I;BB’]{)\:Z”F'&&E'T 'I;E'J /?J

Bt B fe Y EE(45 )T 350 £ 48 HOPG & £ R ehE Bl Tiom B 1 o 3 A4r %
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B4 2-3 %750 > B¢ Average-l #f i % 5+ % Capture Direction 5 Up £ Down > 12 % Line
Direction % Trace £2 Retrace 2. 4 5& Section %% (% B 7" HOPG & # & B chE | T 3o@ L& 5 »
Average-Il 1 i~ # -+ % ¥ - Capture Direction(Up # Down)# H — Line Direction(Trace &
Retrace)z. 4 3% Section 2* % Bl :7 HOPG & 2 & R enE p| L35 2R X o

d &% & om H - 3k Section B2 kB2 & ¥ & B E R 5E 2 0.260 nm ~ 0.269 nm - &
# % % 0.008 nm ~0.016 nm- #_4p f¢ Capture Direction = > Trace £* Retrace & ~ £ £ % 0.003
nm- |- > AFM # %5 #3247 & 0.006 nm (Scan Size/(Samples/Line) = 3 nm/512)-> % 5= Line Direction
2. H A A BEE RS o @ adp e Line Direction ™ > Up #2 Down s+ £ 8 % 0.009 nm >
= %4 f247 & 0.006 nm - P % o1 Capture Direction ¢ #2552 Rl % o

Average-l 1§ i~ & -+ 4 % (Capture Direction % Up £ Down > 2 % Line Direction % Trace
£ Retrace 2. 4 3% Section B2 4Bl = 1 &)z S £ B EP|TL35E 5 0.264 nm ~0.265 nm >
< Z 895 0001 nm o g g 47 & 0.006 nm o> o2 gt e FenZ B oo @ Average-ll
%1 ¥ 4 & (4 - Capture Direction(Up & Down)¥= & — Line Direction(Trace # Retrace)z. 4
5 Section ¥ B 5 1 2)2 Lk R R|TI5E 5 0.261 nm~0.267 nm> H ¢ # 4p - Capture
Direction = > Trace ¥ Retrace fF i~ £ B 2 0.001 nm > 4p ¥4 & f247 & 0.006 nm > ¥ 12
&£ % Trace ¥ Retrace s £ 8 ; 449 = Line Direction = »Up £2 Down 8~ £ 8 % 0.005 nm>
10434 4 1247 & 0.006 nm - &2+ Capture Direction ¢ #2858 Bl % o %t 2 {7 enk % (T4
A R&* ] e 7 Capture Direction 3 Up £ Down>- 2 % Line Direction 5 Trace ¥ Retrace
2. 4 % Section ¥ B 7AYo T FLE N A P2 HOPG L £ B hB p|Tio@ oL ¥ -

N ol | 40V

39mV

B 2-8 5 AFM 445 2. HOPG & 12 % i
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% 2-3AFM £ PI HOPG & & R » 17 5% %

Capture
L Up Down
Direction
Average-1"
Line Trace Retrace Trace Retrace
Direction nm nm nm nm
! 0.267" 0.266 0.262 0.260 0.264
+ 0.009 +0.012 + 0.014 +0.011 +0.012
5 0.267 0.266 0.262 0.261 0.264
+ 0.016 +0.012 + 0.008 + 0.015 +0.013
3 0.266 0.269 0.264 0.260 0.265
+0.012 +0.013 + 0.010 +0.012 +0.012
A 0.267 0.266 0.260 0.263 0.264
+ 0.009 +0.011 + 0.009 + 0.009 +0.011
Average-II 0.267 0.267 0.262 0.261 B
. +0.012 +0.012 +0.014 + 0.009

i 1. & 3k Section B Bl HOPG S £ B hE R Tiom B 1 -
# Capture Direction = Up £ Down - 12 % Line Direction % Trace ¥ Retrace 2. 4 5%
Section 22 % Bl HOPG & $ & B enE p|L30E R F o
I1l. % 8 — Capture Direction(Up & Down)#2  — Line Direction(Trace ¢ Retrace)z. 4 3
Section 72 % Bl c7 HOPG & $ & R enE Pl L3I BER L o

Fe 2-4 a5 4 2-33 8 £1F2 HOPG ek Rerfp iR 4 - 1 ¥ ‘”fﬂr—%&“f FE
Tiago.H ¢ H - 3 Section ¥ Bl 2. HOPG & & £ & «4p $HE# % % 3.1 % ~ 5.9 %; Average-I
¥ =% 1 4 ¥ (Capture Direction 3 Up £ Down - 12 %2 Line Direction % Trace £ Retrace 2. 4
56 Section #2 kB 5 1 f)edpdtiR® % 5 43 % ~ 5.0 % ; Average-ll #f =& 7 ¥ 4 = (H -
Capture Direction(Up & Down):2 ¥ — Line Direction(Trace ¢ Retrace)z. 4 % Section % 48] =

1)z ZEREBROPHEEL S 45%~46%- 27 3 2 1 2 & 7 Capture Direction 5 Up &2
Down>- 12 2 Line Direction % Trace £2 Retrace 2. 4 5 Section #2 [ :& 7 & 7 17 cnjp #HL &
Z 8 BRI EA4F M FIPE B Average-l = ¢ &+ B 5.0% 5 HOPG & & B ehE R £ 47140
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# 2-4 AFM £ P HOPG & # & R cjp R 8 £

Capture U Down
W
Direction P
Average-|"
Line Trace Retrace Trace Retrace
Direction nm nm nm nm
1 3.4% 4.4 % 55% 4.1 % 45 %
2 5.9 % 4.6 % 3.1% 5.6 % 5.0 %
3 4.7 % 4.7 % 3. 7% 4.6 % 4.6 %
4 35% 4.2 % 55% 3.6% 4.3 %
Average-11" 4.5 % 4.5 % 4.6 % 4.5 % -

3 |, & 3& Section ¥ B 7 HOPG & 4 & B crfp R 8 £ o
Il. { Capture Direction 5 Up ¥ Down - 12 % Line Direction 5 Trace ¥ Retrace 2. 4 3
Section %% 4B (-7 HOPG & # £ B crfp $H{E 8 £ o
I1l. % 8 — Capture Direction(Up & Down)#2  — Line Direction(Trace ¢ Retrace)z. 4 3
Section 22 % Bl HOPG f & & B erjp ¥ & £ o

rA g s, R & 1 2o 7z Capture Direction = Up ¥ Down - 12 % Line
Direction 3 Trace ¥7 Retrace 2. 4 5& Section 2 Bl:i& 7 4 47 > ¥ £EF N L 42 HOPG &
EREPITHEEPHEEL o A7 H 4 & Section B BT AT RIFZ HEE R D
BT 3=E 5 0.264nm~0.265nm (32 E 5 0.246 nm)> B2 IR B R cp AL S 6.8% ~7.2
% ; HEHEEZL L 43%~50%° 3 FF AL > UAAHIRELIGE ERIEAY 0 XA
< #5.0%iT % HOPG &t & B ehE RIL4F 1 o
e AFM T g S RE R BRI TERE c PR NEROEAHFMEL LR I A KR
AR EAEREEL K E o & ﬂ&—’é‘z«; BlenTmE B @A E b i ¥ L ED S ﬁ
GrEA B MFLES TR TR R L o ARM &
B ERIEAPEFL Eafoo

b
=1
7
bl
B
g;
(i
N
ey

¥
B

[Hasgi7]

EAGKCAHRFERS G P ERREER R E(NML)FE SUERE § A7 fidh|
50 M2 MFEZEFRIENE > A ALERFL T EE 4R PTB 2 p 4 NMIJ» 2 & Bl
B R RS 2 250mo 4o 200 4T o AP B X BHA EHN AL ¢ JHER KB RBH T




95 2013 = W% L 88 30w B E Bl (International Technology Roadmap for Semiconductors,
ITRS)[2-3] » W &4 % e & & (Gate Line Width Roughness, LWR)& % 1.61 nm 2 F » 2 &g
AR LR RA032MM URHEN EA T AEE RIS FEIR TP RAAT TSR
FEARE ¥ 7 Fldest e € o Bt AFT 35D STM 2 ARM £R1 HOPG 2 22 & 1 % #ic

iR REE P A EMAEE L RF R

Needs in
Semiconductor
50 nm 25 nm 10 nm  [Industry

Bl 2-10 £ p] & %204 E Rk

[ReLz 535 ]

HOPG & &% #ic 5 0.246 nm > Flu & £ iR Fledt o] 2 e ¥ #h 7 B2 REFA L2
RIFEE 53] b > ¥ 0 F R R b 2 B IR BT B W IR A Bl s A 4T o A F
LA P 2 R AT 2 R R WAL 0 T on R RIA 2 B RA R IRY
Ho FIFARCBGEIEA LR FELSAT o 2 A A e AP BIEH
e R d A L E o AP EJY Fe HH O R2ERRIESEIRB IR Y > £ 5

SR ST EI R R RS HEREFETES%
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FAREERE A SRR S L F
[iﬁaaﬁ]
(-) B A ARk E 2 &R (Tl (TWA)Fuf (T4 d > & BOEHAT R if i SR 2 &
Tfez 2 B & 1 3 F B4 T T 4 iR o
(:)é%%ﬁBWEUWWM&MFiTC@%%ﬁ‘%ﬁ@%%ﬁiﬂiﬁ%%ﬁ@@
EHRE BT WEFE S (ATRFE KA R R T AR, JHEE Y
BREFLL - ZREPREFFFESRTADAFRFITL LML S B2 EINF o
CEFELED
(C)FAFREET > FERP hz K HRENLLE T R
PR ETFY8 4 F AR TAIPH RS G RR A ER 2 T4
IFRERIFEMFE R CHEERE e N RERITRRELET P w g R K%
B BB s TREF IR TS 06 B BIENE S S A HNALE R
§ SEMI S~ s ER A PP E CRES A A EFRE CRRRFPHAL P v
PR ES S SRR pEARENE S FAPH UL B R EPBEE N R A
FEFEFE L S £ RGN o 2 A RERERE O SRP L
AAREREL S ZFREpE AR A RFDGRT ELRAN T L d BB R
FHesgier v e 45wl 2 A RE > DR TR R RRRE AT Laid
o RZAREOTIERAGRY PRFECPIMEIENASEPHAEEEFTLE 2R
ﬁ%ﬁoﬂ#ﬁ?iﬁmLW%ﬁaﬁ%@ﬁﬁgﬁ’WWP #1iF e (TWAS) > &
40 4 = & Fo B4k ISO/IEC/VAMAS % B R w8 £ § 10 & 30 ISO/IEC 2 #k 3%
535 B (Asia Nano Forum, ANF) &= 5% 427 » VAMAS {.‘1__55]’32'\% RS g RERSE
Pan %87 AZi 40 B RERE st Av- LFA O PHEIFEESRF I
2014 I H| F LB fJ B 4o T

3 A& Rk R RBEE —FRIETIH
TNS M017001-2012 2012 5%
iig:d
2 Sk $s—2 5F f8(nano-objects) kg £ T % —
TNS A001001 % ¥ 3 k(nanoparticle) ~ 7 ¥ & s (nanofibre) 2 2 2012 4k
4 (nanoplate)
TNS003-2013 2R —FR -5 ZAs —2 2013 14k
CNS % 4 ¢ 7
. ® o L’»jj ;jzi% 4r S
CNS ¥ 3 TNS M017001:2012 (pending, £ 1SO % 3 §v)
ARG B A
%¥ F(1SO 7
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B %)

IEC/TS 62844

" Guideline for quality and risk assessment for

nano electrotechnical products

8 7 iz {7 DTS ¥
B4 5 11/28
24 91.7%k
% i 3§ DTS 1%

EE LR N
v

IEC 62607-4-4

Nanomanufacturing - Key control characteristics -
Part 4-4: Nano-enabled electrical energy storage -
Thermal characterization of nanomaterials, Nail
penetration method

TNSO004(TWAL)

% 5 Fpe—F7 < (core) T

TNS005(TWA?2)

A OF HATE R R R 2 -2 K RAER

RS I
R E

(FF &> HiFi &,

g o iRiT

% 4 & (final

voting (12 *))

TNS006(TWA2,3)

RO HE—R RS RBIEE — R 5 AR

T hER

TNS007(TWA4)

AL - HOEAREE SRR AR

67 %R
R

(F & il &

Ligiis BT

F 3 & (final

voting (12 *))

TNS008(TWA2,3)

e

[}

A& TR G R

St
|
[t

3
i
W

TNS009(TWA2)

FABATRRES LEH S

St
T
[}

2
i
W

78




FY103 % - =t TNSC ¢ %

o2 KRR € (Taiwan Nanotechnology Standard Council, TNSC) 12 * 2
Pl st AEERBEFRLI03E5 - 6%k 0 2 A MPAPHIELAIFELLI LA
A EP EEHRE ML T R Ao FRA LTS E CTNSC 2 %534% > ¢
RAE S

1 R3S F 3 & 752 3 (NPNT)Z 815 TNSC 2 15 F S RRIE (v N3tk @ 48 1 -
2. M7 A+ & 782 R (NPNT)EZ3-18 A0 B373dth: S eRa@® " 2 4
AE R REATIRAIET BT > T REE R ,Lgi;i@
3. ATH AR R AL PR 3 F L5 —3 % ¢ R iR 2, Nanotechnology —
particles detection meathod in liquid phase”
% TNSC BB 4] RALA V1557 HAFL (Fin1 69 35 % MBI LR E PR ViE 7%

7

L r%uﬁ_iﬁ Pe
Ak R BRILE -

102 & 2% 18 Hoieaik ¢ (TNSC) & #9117 e (TWA)L (T4 %
TWA 1 3R>
()3 ¥ EBppes - 1 Fe(TWALH 4 -
o= = R g ! RN EMIREZ Rl EApMAY LT
o3 N HREH Y - 1 iveizs ¢ § F Terminology and Nomenclature $£ #4841 ~ 41377
2 ﬁﬂ
o » A KB HIY - 1T A X 0 (F s RE) Rp T ERE& 6t 10%
FRhE R b4 50%Z% Fofra g H S A0t Bl 4 40% o
-1 v f

LA R TR P REE 1) R
- 11ve R H -4 B4
5 R4 AL e 5 B B
% g 3 ﬁﬂh&z%ﬁ%ﬁﬁﬁﬁi =ik
A R PRI AL T E Y ERNES
AP SR AFHEI R o
iR R A ok
Ed FESFRS RS ) i e
HEE ZHAHE A ERBEL 2FEL 1AL ¥
e s PP ERT AR FRECR L Eie i
Q)% - 1 fFjadiey

AT R H (ISO R4 P 2 1)
1. ISO/TS 80004-1 Nanotechnologies—Vocabulary—Part 1 : Core terms - (¥ & % &2
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i )
2. ISO/TS 80004-5 Nanotechnologies—\Vocabulary—Part 5 : Nano/bio interface

3. ISO/TS 80004-7 Nanotechnologies—\Vocabulary—~Part 7 : Diagnostics and therapeutics
for healthcare

fe Jivk
¢ ISO/TS 80004-1 Nanotechnologies—Vocabulary—Part 1: Core terms o & 7% —*Ff LR

v

HEwmis 0 BITE F Ao
¢ ISO/TS 80004-5 Nanotechnologies—Vocabulary— Part 5 : Nano/bio interface(# 7 #z .
Leader) -
¢ ISO/TS 80004-7 Nanotechnologies—Vocabulary—Part 7 : Diagnostics and therapeutics for
healthcare (% # #z -+ Leader) -
¢ ISO/TS 80004-5 & ISO/TS 80004-7 (#z - Leader) - Eaiad i i i%h LI I A
ot $1s o B ARk R i Leader -
eNano-product #p B 3% = = Taskforce » d k@ #c#:4 = Leader - § # Taskforce
ZE RS R MET TR FAEG -
ofbd At R JRA L5 XIsH 0 B EE G
eNano-product #p B 3% = = Taskforce » & +R3gP Fcdt = Leader - f F Taskforce
2B R R BEEFEG -
o% - FHERLH 1103 £ 117 25p (&= ) 7= 2:00~4:00
3 i £ (RE) §
gRMN FHF D OA LR RF(E)
B. I1SOTC229 JWGL 2 it B 73 A % (Hif P % 4%)
C. bR
R A d s ke oA R R § (TNSC)i2 8 v
B 2 Fa g itm e
REF A3 a st Am 104 £ 4 7 287 K REHpERE
(TNSC)#%2 3 #dc i R A F o 2 HFEF AR5 § 5
FHE LR 5B FRE R 1SO 35&
B Patim o A ez fHAEEE B E 8 B R(de ¥ B~ 6
... %)
g3a% 1 1 ISOTC229 ¢ it B FAL » LM E - o
2. MR LERH %ﬂr?ﬁﬁﬁ;@g(msqw FEEHS  WaRSH -FHF
12/2TNSC ¢ & £ 3t ©
3. g A F FHERLER T Fle IS0 2 F ESH & o iR/
pilixd  FEALEFRFARRLG FThiTRE > LFERHELEINET
CES =S MG T AR ES R ET T ENE SR Y
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FHps (T4 B chpei 2 Bots ehpr R 17 o (A kiE L TNSC ¢ :3%3t3h)

TWA 2 % i
(D)% F EE % - 1 Fe(TWA)H 4 -
ed g B K IREZ RG]l E MY 1 F
oz NEMHFY - 1 T izir § # Measurement and Characterization $ie2id] ~ 4137
6852 phiL
o 2 A RN S 2 e B £ 03 FRE) KL H R A bl 56%
BRE A G 22002 AER N A B 22% <

F %R FESFRREHEPEEY P ga
WS BERERFF AN N
% oA TREERTG AP s
A EE
g gy
PARE A ARG R ek BfLHEF
W= : ' g Fi &

T e A KA1 B
3

FPAF Y
CI% t PR
R A Ll A
P 1 EREF T B RIEE B Y iR TR
£ BEe AR I e R o

F- X ERLE 103107 29p (hHp=) T2 2pm 004 ~4pF 104 BRI FRE
RIT 16 4223 § 32 (A7 D k4R B - B 321 BL)945E

g &P F AR

AL R R (%)

BATY 1 FRERPEFR-BRY IR R F @RL ARG L)

C. % TNSC % & & L B3mis 2 Rpesdehm: 3 o8 e R R AR U2 -3 8 BAHF
(AR d L L L)

ERAE

L g Lasqli e 4 TaRe Pram Zp2 2 RFTHL T
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2EMILFELELE PEHAARARPYEREL L FRIA PRS0
#if TNSC# E 44 o
o k2B 103+ 117 259 (&H#H o) T = 2:00~4:00
1R E ()€ R
A
AR RF(R)
B. ISOTC229JWG2 2 i & FaA 3 (w2 iz )
C. HHHA WrE A3 FBAE - S@2 A R HITER § (TNSC) 1 438
ot 2 R E it o

gRARE L B TWAL

TWA 3 % i
(D% & B F 55 = 1 F(TWAS)f 4
oX F g 1 AP RB  FlEARMAT 2 0F

3K HES = 1 v izgr ¢ f F Health, Safety & Environmental issues 23] ~
FlTEE 2 PR

FEFAEREEF 2 FES R R 1L (R e RT) Rp AT E R A LB
280~ E R H =N £t ) 36%% FCRAL 'g ¥ RE XL B 36% o
Rz 1iFeaf

AR CHER A EMARFELF LR 2 AFFE ) ik A X5
Fzaireaf Hixi 4 B
=z F F#2BEL LYY Sk
HER FrRRTR R FEF AFHE R HEFRE
EE e Bl i A BB AR 0 S
Freleird ¥ 85 s Stk h
RN FE
Fo oz
HZ g Frclatrs F AT E e # 4
FHF A ¥ - S i W K=
N W ? BB RFRY L 5FPHET K A
g~ CAFEAFEL L g
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iR B AT B e £
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B. ISO TC229 JWG3 z_ it

B REAMAE

C. AT BFS A8 o 282 4 BEpamimR § (TNSC) (s 48 i

Jﬁ—«‘r ~VPP53"' ‘}’/\ °

f TWAL -

€ RB S

TWA 4 2% i3>

Dz FFEHLFs e 1 T

e = F g !

2 p4rL

EX2 200 )

(TWA4) @ 4 -
B A 4
o3 K REHITH E 1 0

SA BB e 1 (re s BB 10 (7 §4eF)

S 1 irEaf o

sl a1 iE
- Material Specifications ##3.3

KprAay Et ko)l
40% ~ E R H =N At ) d 30%F AER AL 30% o

RS

iAo (R

2 LHAERATIPRE S I RETT ) o ERE

Sw 1 ive g =4 B
e e S S Rl EaSi
PR R B &5 FHE ok ELgis
el et W2 o B Tk Eakis
3%k FECEHPPE RS K EaSi
M AT FE 1At et o £,
R4 Ittt 9 F3aiE
AL LAk L E AR Bl e
A2 E A EBLE1 NP th 1
%2 S E TR LI Bl g
% rACERBIRE EaSis
X R BRI R e B B F o

Q% z 1 iFEEdEie
o M2 HTR g T2 o Hir—de AR hz KRR R

Bl foRl

Nanotechnologies — Specification for nanoparticles in powder form -- Characteristics and
measurements ; ¢ 3~ 103 & 10 * 19 p i TNSC %3 & & R 123 {s#& ¥ TNSC K L %
$- X ERLE 103 117 256p (EH - ) T = 2:00~4:00

83

‘ o




1 iFEm A (RE)E R
RN B A LR RP(E)
B. ISOTC229 JWG4 2 & & T3 4 F (¥ L )
C. 4T Rk L% Ris o o2 N R HRR ¢ (TNSC)
fo FE IR LA LN o
gHAR T B TWAL-

(= )4+ 1SO & IEC & VAMAS #: %38 p o

pwe$ A IECTCLIISWG3 #8224 » % - 58 5 ANF(5 /%) $enske 5 IEC/TS
62844 ”  Guidelines for quality and risk assessment for nano-enabled electrotechnical
products” z_ &2 > ptARIE K C i n BN FE X KIFE(DTS) 4 P R ERAL LT R
EoLF2BPERABIATYE S AfgARD BT AR FREEAR HHLLY
%ﬁiﬁ@ﬁ’gﬁﬁ?ﬂ—ﬁmﬁﬂﬂbiéﬁﬂ’ﬂw*mmsg@ﬂ,A§%$@
TRk DARATARIABIE S X REF TS A SFREL LAGIE R E(DTS) > 8
9?%$i$%i%%@é606$%’ﬁ?ﬁ%ﬂm&ﬂ%%i’%ﬂﬁ*ﬁ%%i’

J

- R F 5 5 62607-4-4: Nanomanufacturing - Key control characteristics - Part 4-4:
Nano-enabled electrical energy storage - Thermal characterization of nanomaterials, Nail
penetration method » 3 B STOBA 423 7 & » 3 & § £ %} Li-lon battery ‘&8 %2 & 1 &
G2 SRRSO .@;ﬁ* m b g A R & IECTC 21A ad7ibr> A { 2T scope 2 %
g #x i 7 7 Li-ion battery A 3 ¥ zxp gt % 7 i§ * >t .18 (02 performance or quality B~
k) E®F TC2IA F £ & H scope # firk » E 134 > IECTC113 F &~ % > & » % 0
£ (PWI, potential working item) » 2 i p &2 % & 73 4 Jg ot & A% > T 0% QPR
PP 2T A A% AAFAZTE I REINHE F g0k §F LB TR
EFRAH o RIS EFIRBL o hoscope A M HERE ST R TR A T ER
%2 performance Bl & 5 1 > EEA LI RT ML 2 B(F R BT > PRIy T A
FE) F R R R R Tt A WGB €kt 0 P AL MY FH WG TR R

FRETT - FFEATL TR E(NWIP) > 8 7 submit NWIP form 3 #23 s> 11/07 = = 3%
Lop RSy thd
(2)£ B %4 ISO/IEC/VAMAS/ANF z_ TC #p i g R A EE BT

B2t AR BRI Y & ﬂ?%&ﬁﬁ LATR'E 2 4 40 AR 2 3 B T30~ B3 B

PEEREY RFLL TR BRFHRE LSRR R TL L RE S “2 7 ﬁi%p\
F oA B 7RS4 ISOTC 229~ IECTC 113~ VAMAS ~ANF F"%% 3 F R E ¢ xE 9 L = »
5070 40 FREET X455 R LMES BB I % o BB ISO TC 229 ¥ 7% iz ANF
“& 5 ISO TC35/SCO(h # # & EHETC)P NBPE X & » S 7F ¥ & %42 ISO
TC35/SC9 ¢ 3% °
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ISO TC 229
Pante »igBTCeng R F 350 s ¢ A W3 13F > p3Mmp 5 36 (4-IEC TC113,
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IEC TC 113
N anotec hnology

Session 1: "WG 3 Performance Assessment”

Session 2 “WG 7 Reliability”
Session 3 “Nanomanufacturing” standardization for
Session 4: “Graphene and related materials” electrical and electronic

“Luminescent Manomaterials” products and systems

“Manco-enabled photovoltaics”

“Organic and Large Area Electronics”
Session & “Carbon Nanotube Materials

Session 9 “Nano-enabled Electrical Energy Storage”
Session 10: "“Vocabulary™

Session 5
Session 6
Session 7

Chair: Keith Blakely
Sec.: Norbert Fabricius
AsSS. Sec.: Wemer
Bergholz, Gerd Weking
Documentation: Mike

AG 4
Chairman Advisory
Group

Convenor: Keith Blakely
Secretary: N orbert
Fabricius

Convenor: Jiro Yoshida

L eibowitr
WG 3
WG 7
JWG 1 Performance
510 SIEE Assessment Re":gmw
S1+S3

Convenor: Hiro Akinaga
(JP)

Seaetary: Werner Bergholz

Secretary: Norbert Fabricius Secretary: Wemer Bergholz

Convenor: Haridoss N N Convenor: Wonyu Park|
Sama (CA) Convenor: (JP) s ecrl;learryhc\;'l\;emer (KR)
g Secretary: N orbert
Fabricius
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Materials Luminescent Nano-enabled Energy
Thin-film Organic/nano
Carbon Nanotube nanomaten als Storage
N Electronics Nanoscale
Materials S5 sS9
sS4+ S8 contacis/inierconnects
S6A+57
Cornvenors: e Convenor: Cornvenor:
Yuji Awano (JP) Shinj AranaEKi (P Wang Yiqur* (Ch) GerdWeking (DE)
Ji-Beon ¥ oo (KR) g = NN (US) NN (JP)

Secretary: Gerd Weking
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PGO1

TS 27687-2008 - Terminology and definitions for nano-objects -

Nanoparticle, nanofibre and nanoplate (future TS 80004-2)

Amendment
publish 2015

PG02

TR 12802-2010 - Nanotechnologies -- Model taxonomic framework for

use in developing vocabularies -- Core concepts

Published

PG03

TS 80004-3:2010 Nanotechnologies — Vocabulary — Part 3: Carbon

nano-objects

Published

PG04

TR 11360:2010 Nanotechnologies — Methodology for the classification

and categorization of nanomaterials

Published
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1 o A
ISO/TS 80004-1:2010 Nanotechnologies — Vocabulary — Part 1: Core )
PG05 Published
terms
TS 80004-4 - Vocabulary - Part 4 - Nanostructured materials, including
PGO06 ] ) Published
nanodispersions
PGO7 | TS 80004-5 - Vocabulary - Part 5 - Nano/bio interface Published
TS 80004-6 - Vocabulary - Part 6 - Nanoscale measurement and ]
PGO8 | ) Published
instrumentation
TS 80004-7 - Vocabulary - Part 7- Diagnostics and therapeutics for )
PG09 Published
healthcare
PG10 | TS 80004-8 - Vocabulary - Part 8 - Nanomanufacturing processes Published
PG11 | TR 14786 - Framework for nomenclature models for nano-objects Published
PG12 TR 17302 - Framework for Identifying Vocabulary Development for Published
Nanotechnology Applications in Human Healthcare soon
PG13 TS 18110 - Nanotechnologies - Vocabularies for Science, Technology Under
and Innovation Indicators development
. Under
PG14 | TR 18401 - Vocabulary- Part 10: photonics components and system
development
PG1S TS 80004-9 - Nanotechnologies - Vocabulary - Part 9: Nanoenabled Under
Electrotechnical products and systems development
5G16 TS 80004-10 - Nanotechnologies - Vocabulary - Part 10: Nanoenabled Under
photonic components and systems development
5G17 TS 80004-11 - Nanotechnologies - Vocabulary - Part 11: Nanolayer, Under
nanocoating, nanofilm and related terms development
PG18 TS 80004-12 - Nanotechnologies - Vocabulary - Part 12: Quantum Under
phenomena in nanotechnology development
. . NWIP
NwIP | Nanotechnologies — Vocabulary — Part 14: Cellulose nanomaterials

expected (US)
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Hhess LA e
NWIP | Vocabulary — Graphene and other 2-D materials drafting (UK)
) accepted as is
NWIP | Vocabulary — Carbon nano-objects )
(confirmed)
#.3-2.1SOTC 229 = & 1 1% 2 2(JWG2) & # %
P = i
TS 10797 Nanotubes -- Use of transmission electron microscopy )
PGO1 ) Published
(TEM) in walled carbon nanotubes (SWCNTS)
TS 10798 Nanotechnologies -- Characterization of single-wall carbon
PG02 nanotubes using scanning electron microscopy and energy dispersive Published
X-ray spectrometry analysis
TS 10868 Nanotechnologies -- Characterization of single-wall carbon
PG03 nanotubes using ultraviolet-visible-near infrared (UV-Vis-NIR) Published
absorption spectroscopy
TS 10867 :2010 Nanotechnologies -- Characterization of single-wall ]
PGO04 ) ) ) Published
carbon nanotubes using near infrared photoluminescence spectroscopy
TR 10929 Measurement methods for the characterization of )
PGO5 ) Published
multi-walled carbon nanotubes (MWCNTS)
TS 11251:2010 Nanotechnologies. Characterization of volatile
PG06 components in single-wall carbon nanotube samples using evolved gas Published
analysis/gas chromatograph-mass spectrometry
TS 11308 Nanotechnologies -- Use of thermo-gravimetric analysis
PGO7 (TGA) in the purity evaluation of single-walled carbon nanotubes Published
(SWCNT)
TS 10812 Nanotechnologies -- Use of Raman spectroscopy in the
PG08 Cancelled

characterization of single-walled carbon nanotubes (SWCNTS)
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P e F
TS 11888 Determination of mesoscopic shape factors of multiwalled
PG09 Published
carbon nanotubes (MWCNTS)
TS 12025 Nanomaterials -- Quantification of nano-object release
PG10 ] Published
from powders by generation of aerosols
TS 62622 Artificial gratings used in nanotechnology -- Description and )
PG11 ) ) ) Published
measurement of dimensional quality parameters
TS 13278 Carbon nanotubes -- Determination of metal impurities in
PG12 carbon nanotubes (CNTs) using inductively coupled plasma-mass Published
spectroscopy (ICP-MS)
TS 16195 Nanotechnologies — Guidance for developing test materials )
PG13 o o Published
consisting of nano-objects in dry powder form
TS 17466 Use of UV-Vis Absorption spectroscopy in the Und
nder
PG14 Characterization  of  Cadmium  chalcogendie = Semiconductor
) development
nanoparticles(Quantum Dots)
PG1E TR 18196 Nanotechnologies - Measurement method matrix for Under
nano-objects development
5G16 TS19590 Detection and sizing of nanoparticles in aqueous media via Under
single particle ICP-MS development
5G17 TR19716 Characterization of cellulose nanocrystals — Particle Under
morphology, purity and surface properties development
5G18 TR19733 Matrix of characterization and measurement methods for Under
graphene development
W PWI19805 On-line/Off-line techniques for characterizing size Under
distribution of airborne nanoparticle populations development
W PWI19749 Determination of size and size distribution of nano-objects Under

by scanning electron microscopy

development
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3.3-3:1SO TC 229 % & 1 it i 3(WG3) 5 3 %

2 LA D
TR 12885 Health and safety practices in occupational settings )
PGO1 ) Published
relevant nanotechnologies
ISO 29701 Endotoxin test on nanomaterial samples for in vitro )
PG02 ) Published
systems, Limulus amebocyte lysate (LAL) test
ISO 10801 Nanotechnologies -- Generation of metal nanoparticles for
PGO3 ) ) o ) ) ) ) Published
inhalation toxicity testing using the evaporation/condensation method
ISO 10808 Nanotechnologies — Characterization of nanoparticles in ]
PGO04 ) ) ) ) o ) Published
inhalation exposure chambers for inhalation toxicity testing
TR 13014 Guidance on physico-chemical characterization of )
PGO05 ) ) ) ) Published
engineered nanoscale materials for toxicologic assessment
TS 12901-1 Occupational risk management applied to Engineered )
PGO06 ) o Published
nanomaterials Part 1:Principles and approaches
PG0O7 ISO TR 13121 Nanomaterial Risk Evaluation Published
TS 12901-2 Nanotechnologies - Occupational risk management applied
PG08 to engineered nanomaterials -- Part 2: Use of the control banding Published
approach
TR 13329 Nanomaterials -- Preparation of Material Safety Data Sheet )
PG09 Published
(MSDS)
TS 14101 Surface characterization of gold nanoparticles for )
PG10 ) . o ) Published
nanomaterial specific toxicity screening: FT-IR method
TR 16197 Nanotechnologies - Guidance on toxicological screening
PG11 ) Published
methods for manufactured nanomaterials
PG TR 16196 Nanotechnologies - Guidance on sample preparation Under
methods and dosimetry considerations for manufactured nanomaterials development
TS 16550 Nanoparticles - Determination of muramic acid as a )
PG13 Published

biomarker for silver nanoparticles activity
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Vo “H * i
CEN ISO/TS 13830 Guidance on the labeling of manufactured )
PG14 ) o ] Published
nano-objects and products containing manufactured nano-objects
P15 TS 18637 General framework for the development of occupational Under
exposure limits for nanoobjects and their aggregates development
TS 18827 Nanotechnologies - Comparing the toxic mechanism of Und
nder
PG16 synthesized zinc oxide nanomaterials by  physicochemical
o ) ) ) development
characterization and reactive oxygen species properties
) o Under
PG17 ISO 19007 Effects of nanoparticules on cell viability
development
) o Under
PG18 ISO 19006 Effects of nanoparticules on cell oxidative stress
development
PG19 TR 19057 The use and suitability of In Vitro Tests and Methodologies Under
to assess Nanomaterial Biodurability development
5G20 (TS) Characterization of nanosuspensions to verify nano-object Under
inducedtoxicity assessed in vitro (TS), Dr. Hitoshi Iwahashi development
pGa1 Aerosol generation for NOAA (hano-objects and their aggregates and Under

agglomerates) air exposure studies, Dr. 1l Je Yu

development
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£3-41SOTC 229 % & 1 i* w AWGA) L& %

E - R A
TS 11931 Nanotechnologies -- Nano-calcium carbonate
PG1 o Published
Characteristics and measurement methods
TS 11937 Nanotechnologies -- Nano-titanium dioxide )
PG2 o Published
Characteristics and measurement methods
TS 12805 Nanotechnologies -- Materials specifications -- Guidance )
PG3 o ) Published
on specifying nano-objects
Work
oGa TS 11931-2 Nano-calcium carbonate -- Part 2 Specifications in | transferred
pigments and extenders to WG7
ISO/TC256
Work
oGS TS 11937-2 Nano-titanium dioxide-- Part 2: Specifications in | transferred
pigments and extenders to WG7
ISO/TC256
TS 17200 Nanotechnologies — Specification for nanoparticles in )
PG6 o Published
powder form -- Characteristics and measurements
PWI _ _ NWIP
Magnetic nanosuspension
19807 Ballot
Comments
PWI
CNT dispersion to be
19808
completed
Korea will
New
) Silver nanoparticle for antibacterial application seek NWIP
work item
Ballot
New ) ) o Need more
Nanomaterials for drug delivery or bioimaging
work item inf.
New Nanoclays for improving barrier property in packaging Need more
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work item information
#3-5: IEC TC 1131 ¥ 2 3(WG3) & # %
P LA R

IEC/TS 62607-3-2 Ed. 1.0 Nanomanufacturing - Key control

1 characteristics - Part 3-2: Luminescent nanoparticles - 1CD
Determination of mass of quantum dot dispersion
IEC/TS 62607-5-1 Ed. 1.0 Nanomanufacturing - Key control

2 characteristics - Part 5-1: Thin-film organic/nano electronic 1CD
devices - Carrier transport measurements

3 IEC/TS 62844 Ed. 1.0 Guidelines for quality and risk assessment DTS
for nano-enabled electrotechnical products

s IEC/TS 80004-10 Ed. 1.0 Nanotechnologies - Vocabulary - Part oW
10: Nano-enabled photonic products and systems

. IEC/TS 80004-9 Ed. 1.0 Nanotechnologies - Vocabulary - Part 9: oW
Nano-enabledelectrotechnical products and systems

6 ISO/TS 80004-2 Ed. 1.0 Nanotechnologies - VVocabulary - Part 2: 1CD
Nano-objects - Nanoparticle, nanofibre and nanoplate

. IEC/IEEE 62659 Ed. 1.0 Nanomanufacturing - Large scale »CD
manufacturing for nanoelectronics
IEC 62607-3-1 Ed. 1.0 Nanomanufacturing - Key control

8 characteristics - Part 3-1:Luminescent nanoparticles - Quantum ADIS

efficiency
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7 R AR
IEC/TS 62607-4-1 Ed. 2.0 Nanomanufacturing - Key control
characteristics - Part 4-1 Nano-enabled electrical energy storage -

9 ) o ) AMW
Electrochemical characterisation of nanomaterials, 2-electrode
cell method
IEC 62565-3-1 Ed. 1.0 Nanomanufacturing - Material

10 - - - - - ANW
specifications - Part 3-1: Graphene - Blank detail specification
IEC/TS 62565-4-2 Ed. 1.0 Nanomanufacturing - Material

11 specifications - Part 4-2: Luminescent nanomaterials - Detail ANW
specification for general lighting and display applications
IEC/TS 62607-4-2 Ed. 1.0 Nanomanufacturing - Key control

12 characteristics - Part 4-2: Nano-enabled energy storage - Physical ANW
characterization of nanomaterials, density measurement
IEC/TS 62607-4-3 Ed. 1.0 Nanomanufacturing - Key control

13 characteristics - Part 4-3: Nano-enabled energy storage - Contact ANW
and coating resistivity measurements for nanomaterials
IEC/TS 62876-2-1 Ed. 1.0 Nanotechnology - Reliability

14 ) - ANW
assessment - Part 2.1: Nano-enabled photovoltaic - Stability test
IEC/TS 62607-4-1 Ed. 1.0 Nanomanufacturing - Key control

15 characteristics - Part 4-1: Nano-enabled energy storage - APUB
Electrochemical characterisation, 2-electrode cell method
ISO/TS 80004-8 Ed. 1.0 Nanotechnologies - Vocabulary - Part

16 ) APUB
8: Nanomanufacturing processes
ISO/TS 80004-6 Ed. 1.0 Nanotechnologies - Vocabulary - Part 6:

17 ) o CDTS
Nano-object characterisation
PNWI/TS 113-159 Ed. 1.0 ISO/TS 80004-11: Nanotechnologies -

18 Vocabulary - Part 11: Nanolayer, nanocoating, nanofilm, and PNW

related terms

94




21 & 15

; v H

oE
Z:‘_m‘;r

19 PNWI/TS 113-172 Ed. 1.0 ISO/TS 80004-12: Nanotechnologies - N
Vocabulary - Part 12: Quantum phenomena in nanotechnology

PWI 113-75 Ed. 1.0 IEC 62607-6-1: Nanomanufacturing - Key
20 control characteristics - Part 6-1: Graphene - Electrical PWI

characterization

PWI 113-76 Ed. 1.0 IEC 62607-6-2: Nanomanufacturing - Key
21 control characteristics - Part 6-2: Graphene - Evaluation of the PWI

number of layers of graphene

PWI 113-77 Ed. 1.0 IEC 62607-6-3: Nanomanufacturing - Key
22 control characteristics - Part 6-3: Graphene - Evaluation of the PWI

defect level in the graphene layer

PWI 113-78 Ed. 1.0 IEC 62607-7-1: Nanomanufacturing - Key
- control characteristics - Part 7-1: Nano-enabled photovoltaics oW
measurement of the electrical performance and spectral response

of tandem cells

IEC 62607-4-4: Nanomanufacturing - Key control characteristics
24 - Part 4-4: Nano-enabled electrical energy storage - Thermal ANW

characterization of nanomaterials, nail penetration method

PWI 113-80 Ed. 1.0 IEC 62565-5-2: Nanomanufacturing -
25 Material specifications - Part 5-2: Silver nanomaterials - Detail PWI

specification for nano-ink

PWI 62607-2-2 Ed. 1.0 PWI on IEC/TS 62607-2-2:
26 Nanomanufacturing - Key control characteristics - Part 2-2: PWI

Carbon nanotube materials - Electro-magnetic compatibility

PWI/TR 113-81 Ed. 1.0 Technical Report on graphene material
27 PWI
properties and measurement methods

- PWI/TR 62565-1 Ed. 1.0 Nanomanufacturing - Material oW
specifications, Part 1 - Basic concept

1CD: 1% committee draft, ADIS: approved for final draft intenational standard circulation
ANW: approved new work, APUB: draft approved for publication
PNW: proposed new work CDTS: circulated darft technical specification PWI: potential new work item
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‘ Economy -1 ‘ ‘ BIPM/CIPM ‘ ‘ Economy -2 ‘
National l National

Metrology = [® EEGS/MET/ « Metrology
Institute (1) Institute (2)

l l

X-accredited v-accredited
i Laboratory Laboratory
5 . ;
v %P7 b v
‘ Industry ‘ ‘ Industry ‘

(1) $ass i
L1 32— MUk tes S andusRig iy (i £ 150 + =)
12 5 X B #— R R SRR S AT PIE TR A 47 B (3% 18 & 200 F )
1-3 B — 3 K RABRILT HATE * 20k A 47 (3248 £ 250 + )
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Lab results
L
R ‘ (nm)
TEM/EDS Feret mean 16.8+34 9.9%
T1 :

Crystallite 0
XRD Rutile (110) 79+£20 12.5%

TEM/EDS Feret mean 23.3+26 58%

T2 Crystallite .
XRD Anatase (101) 21.7+4.0 9.3%
TEM/EDS Feret mean 66.7 + 18.2 13.6 %

C3 SEM/EDS Feret mean 71.0+1.2 0.9%
DLS Hydro diameter 167.8 £ 13.2 3.9%
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() AR FRELSGERIRERLIZE 2 AT 5T T
K AR k2 % 1 A K832 2 58 ?’\{*F’Wr%'»"iﬂﬁ

FAMOE 2ET G HEAAMEIL - RBL 2FLEFAT AN K TR W

AR e ISO ehz of Hjpmiiik § TC 229 ~ OECD (Organization for Economic
Co-operation and Development) * % B 5 1 % 2 {2 e % (4o % B National Institute for
Occupational Safety and Health, NIOSH) #7355 2 5F H kB 5 + [ 4 2 5F e
THEEEZRRL 2FLPMAL Y £ BE L LR EAA M B~ F e
%}iiéii %24 € 3% VAMAS (Versailles Project on Advanced Materials and Standards) ~ &
B %4 ¥ F& £ RF 1 IRMM (Institute for Reference Materials and Measurements) -
FRNIST S /i 22 A HHERBESFTF T2 B2 AR ORF 5 23b 30
% FY98 %= & 100 nm 3 500 nm chF F e A gl > ot L E B 1R AT
A KRG REFYF P 4R E KT 2 F K S § P RS R
FY101 i 1SO Guide 345 B 458 (747 5 Sk Az 2 ByE3 A kF BRI " s d o
FY102 22z 4 5 " &GEERLIFF - DA BERP FAET 2 2 AR 2 ¥
R R e K2 E A3 kS ERHRE RS - R FY103 #£34e - F 4R
RFFAFE O REANRFT ST TLREF 2 22 A BB Rp 5 EERZ G52
BHROFHN-EEZZARFIFTF T2 o RELE CERELIAT MRS
2 kg o FP o AP F AL - & f TEREI TR E2 A RF ST SE
Z BRI s REEBEARF SIS T (AT R)ESE CEREL LT 0 R
FHCEPRPARE AR FAPFFRN UL TL  FA PRI LTS TRESEL LR
ERIE AT BEAARGDY RARY P LEREL OVRAELF > WEF{ Fare
FREELZ AR FETPFFTLRER

4

|

% 1-1-6
LR M e Comestn
- CMS-PS-100 EAB 109 nm, CV =4.9% (C8H8)n : 1%
- CMS-PS-200 EAB 181 nm, CV =1.6 % (C8H8)n : 1%
- CMS-PS-250 EAB 237 nm, CV =2.4% (C8H8)Nn : 1%
- CMS-PS-300 EAB 285nm, CV=1.8% (C8H8)n : 1%
- CMS-PS-450 EAB 457 nm, CV =2.6 % (C8H8)n : 1%
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CMS-PS-500 EAB532nm,CV=23% (C8H8)n : 1%
AFM 19.1 nm, exp. uncetainty 4.4
nm
SEM : 22.6 nm, exp. uncertainty 2.7 atomic absorption
CMS_S20C nm spectrometry Ag
DLS : 21.8 nm, exp. uncertainty 3.4 9.60 pg/ml
nm
CV=21%
. _ 0 atomic absorption
CMS_S60C DILs? SESSI\ZI prgo(g\gml.4 L spectrometry Ag
T 6.82 pg/ml
. _ 0 atomic absorption
CMS_S70C LS8 0 Gl O/ = it spectrometry Ag
SEM 71.4 nm
13.06 pg/ml

AFM 8.8 nm, exp. uncetainty 4.4 nm

SEM : 10.2 nm, exp. uncertainty 1.5 Au 57.6 ug/ml

Gold colloid nm ml
DLS : 10.4 nm, exp. uncertainty 3.4 “\12Ce 0:01%
nm
TiO,-TC-30  DMA3L1nmCV=8.1% Ti0,: 1 mg/ml

SEM 43.3nm CV = 12.5% _
Zn0-CS-40 DMA 395 nm CV = 14.6 % ZnO :0.2 mg/ml

(C)2 AR FHBERFE 29 B PHERE B FE =
AAREFFY PRI/ A REA B ERRREE RS A &P
0 B A R AR SRR S R RA Y Nz AP R TG 2
FARICRE T EE AR R T RERT 22 2SR REE R
B oRERNTIE FHFRE > FIRAS Y B - 2 cFERWRFRLD
Bz FARORER AR 28 R R EL R ONREREERE k- f F
FEFERE 2 AHF T KR RRF %3 Hiva 4 o @ fivd 120 pF T 1SO
TC 229 #r# % « 8 B 2 X k. + £ p] % # '@ Physical state of Material
(agglomeration/aggregation) -~ Chemical composition -~ Size/distribution -~ Shape -
Solubility/Dispersibility ~ Surface Charge ~ Surface Area ~ Surface chemistry %2 ¥ 7 &
Z BRI A CFPRFREEEFIRETHRE A7 MR ERET L Y 03 FYO3~-FY94
# % & % fi k{7842 (Dynamic Light Scattering, DLS) & | & svenid B B222 i o 3t
FY95~FY96 %= 7 # % 4 A g2 35— it £ pIFm H P 2 32 FY95 % = jics &
# # & ~ 17 ;= (Differential Mobility Analysis, DMA) € ip] % %22 ¢ & 4 § W T {72
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(Electro-gravitational Aerosol Balance, EAB) & ] 4 steuz % o H P = 2 ik B35 _BE& b
+ AR nEFE R R 2 AR FDEE > FERRAEN T LA AR T
AR “f % Pl A ‘L_/{‘ oS 3 R ERFEREAR > A3 E T FYO8 R B8 SR
s T+ ks v 2 ﬁéﬂ/#m’k FhF 2 8 F 1 >FY99 /% T # BNIST
Y SEM #p B {é‘.i?‘]aﬁhﬂ‘f’ B R kAT R 0 % SEM &Rl Sy S| H v
DR RE LA THELITEE B %%Ecﬁqﬁé B R I e pE S
A3tF © FYI101 4% DMA & Rl 2 R R8s E R iz > $é
DMA # g2 FCAE £ 53 %k 5 2+ # % (Condensation Particle Counter, CPC) % iR £ » %
Nk sauE ¥ o FY103 { B ik ISO R = 20t & g Ak SieruE BB IRGR o
%ﬁ“r} FEOREORATIHECEE2 NS S BBER DR P FETE &k
RERE KT RIAFAP A ERL>FLERUIPIERE T Ko

(2)% T [R5 8RR B =
WA K R ARSI LA 2 ARG T
442 EBE 2L EBE FIEAR o 1245 ISO/TR 13014:2012 45 1 » & 32 (7 4 o e
TRl 0 F RAEREDN B K e - EEE 0 0 B MR B TR 2 TR A
(Material Safety Data Sheets, MSDS)4#y it enfr 32 &7 it F L 5P > Zeta £ o 7 =4 H ¢ 2
- E R P RS0 LA A RER R AT RS > B e T s ‘33—?‘
PR T S S o RS LB L E R i SR B e B AT
ERAAF R RATR P FRRE A FEL 2L F 2L N Zeta T i
R Er{gﬁ_pg,yggi;ﬁ LRz - a2 FRIRER %k F 2 Zeta ® 8P
PP AT B G iRl BRI SRR N S E R A RIARA R R T
Byl o d A1 BOF o RS B AR ¢ BT A 0 20 nm BUF L R
B+ 2 Zeta T IRAE > R FRP-75mMV I 75mV o 3 5% iR T o 4
AAFEER E 2TmV o

LN

FEo g RHRRE s B

Eﬂ*ﬁx&%@ﬁﬁﬁxﬁhﬁﬁf PojpreE =

THBMEHCOWKPIZ R 7d 5 2l 2} ooRk® Bl FIER ¥
5 MR Hr e B ’&ﬁﬁﬁﬂ’$6#ﬁﬁ‘r R EE L AG s LR
2 Ro X Ry LED ®lAer ¥4 o kA & ]‘d’rsa ZF1lnmE% 4o LED £ &%
PEFEAFE OFIRIERASET A RFOET TR s%%@%mamﬁﬁ
B %o RUTAEHER E2 PRI ERE G { < kR B L e Bk
BiEEa PRRAICE > E B RenT 354 5 k& (Average Roughness, R,) & 0.3~10
nm ¥ o § b3 100 # ok h AR @ et A (Shape) $ T @R R
BARRLLNT o Fla L S HEM 0t a) (Critical Shape) A& kA8 £ & >
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AFM  |Atomic Force Microscope . Vi
APMP |Asia-Pacific Metrology Programme 538 B
ASTM [American Society for Testing and Materials Z W% €
BCC Business Communications Company FREEF AP
BET Brunauer, Emmett, and Teller BET v 2 & ff & 8> 2
BIPM  [Bureau International des Poids et Mesures ( International| B2 & & /&
Bureau of Weights and Measures )
BNM  |Bureau National de Me‘trologie FRRERRSE A
CEM Centro Espénol de Metrologia & FL7
CMS  |Center for Measurement Standards BRI EEEE P
CPC Condensation Particle Counter AP R
CRM  |Certified Reference Material At
CSIRO Commonwealth ~ Science  and  Industrial ~ Research| ;® + | &y 55 =% f4L & £7 1
Organization EY SR 3
DCIC |Drift-Corrected Image Composition A 2R E
DLCA |Diffusion-Limited Cluster Aggregation HICUHEHERE S
DFM Danish Institute of Fundamental Metrology L FAH LTI R
DLS Dynamic Light Scattering 5 1k Sk T stE
DMA Didderential Mobility Analyzer Hes AT HE R AR
DUV  |Deep ultraviolet e
EAB Electro-gravitational Aerosol Balance e F TN
FE-ESE Field Emission Enviromental Scanning Electron Microscope FEMRAER ST
M B i
Central Office of Measures (Glowny Urzad Miar GUM)
GUM POLAND S R
GXR Grazing Angle X-ray Reflectometry X B & F By
ICT Instrument Calibration Technique n’i’g o e
IMGC |Instituto di Metrologia ‘G. Colonnetti , %g CHRRSERE
IRMM [Institute for Reference Materials and Measurements S TEERFT T
ISO the International Organization for Standardization B AR e
KRISS |Korea Research Institute of Standards and Science ¥ PR S BB T In
LDV  |Laser Doppler Velocimetry TSR S B R
MEIS |Medium Energy lon Scattering L S T
METAS |Swiss Federal Office of Metrology and Accrditation HMLRAFIE A
MSDS |Material Safety Data Sheets e N
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WA > - I
NIM National Institute of Metrology R 2577
NIST National Institute of Standards and Technolog ; E B 5 ﬁmp
. Nederlands Meetinstitute {Neatherlands Measurements o
NMi . J7 BB R
Institute )

NMIJ  |National Metrology Institute of Japan PARTRIFEFTT =

NML  |National Meausrement Laboratory » R.O.C é EARRRALFR
RFHZ

NPL National Physical Laboratory EFRR RS ZF % Z

NRLM |National Research Laboratory of Metrology PP ER ArORe
= NMIJ)

NSF National Science Foundation IR EREE

OELs  |Occupational Exposure Limits BE B

OFMET |the Swiss Federal Office of Metrology HLRAFIEEFFSF

PIV Particle Image Velocimetry R &

PFG-N . . . .

MR Pulsed Field Gradient Nuclear Magnetic Resonance b R PR R RE

PTB Physikalisch-Technische Bundesanstalt f A

RLCA |Reaction-Limited Cluster Aggregation FAR U R ERE

RM Reference Material 54 P B

SAXS [Small Angle X-Ray Scattering kR X SBETet

SE Spectroscopic Ellipsometry IR i 6 £ Pt

SEM Scanning Electron Microscope e 3 %+ B

SPIP Scanning Probe Image Processor FEEFf B eI iR

SPM Scanning Probe Microscope 1 4o 4% & B A

SRD  |Standard Reference Data TR 2 By

SRM |Standard Reference Material HESTF T

STM Scanning Tunneling Microscope 5 AR e s

SWE Single Wavelength Ellipsometer H 4 £ ¥R Rk R

TC Technical Committee FiEL R ¢

TEM  |Transmission Electron Microscope 7R s

TSEM |[Traced Scanning Electron Microscope zﬁg UkES LK

VNIIM |DI Mendeleyev Institute for Metrology B R 273 8 U
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