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1. Measurement Standards for Nanopartlcle/Nanowire Sizes and Functional
Properties :

(1)The assessment of nano-Zinc Oxide reference material (RM) was achieved.
The assessment included the analysis of varient physical and chemical
properties. The nominal particle size is approximately 40 nm. The RMs’
size distribution is 12.5 %. Based on ISO GUIDE 34, we completed the
production management, verification of measurement and quality
documents. These RMs will be available as the subject for the international
comparsion. They also can be supplied for the calibration of secondary and
testing laboratories, and for biological experiments.

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

The instrument and measuring equation of BET system was estabilished by
CMS. The uncertainty factors of measurement results are considered and
traced to Sl units, including volum, temperature, pressure and etc..We also
co-worked with other laboratory for the development of materials.

(3)Nanoparticle/Nanowire Functional Properties Measurement Standards :
Complete the procurement, installation and acceptance testings of the Zeta
potential analyzer. The measurement procedure has also been established
so that CMS can already provide test services for particle and surface Zeta
potential measurements.

2. Measurement Standards for Thin Film :

(2) Thin Film Surface Geometric Metrology
The evaluation and validation of the X-ray porosimetry measurement
system had been completed in September, 2013. The uncertainty sources
caused by measuring the porous thin films were considered and evaluated
based on “ISO/IEC Guide 98-3:2008”. Currently the system provides




calibration services for the SIOCH porous thin film materials with pore size
around 2 nm. The detailed calibration and measurement capability are
summarized below:
*  Calibration Service : SIOCH Porous Thin Film Standards
(Thickness: 2 nm ~ 200 nm)
*  Measurand Range : Nominal pore size is 2.0 nm
*  Expanded uncertainty : 0.3 nm
*  The level of confidence : 95 %
e Coverage factor : k=2

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 | ,
has just been agreed to start ( preliminary work item, PWI).

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

(2) Taiwan Nano Standard Council (TNSC):

a) Working Group 1(TWAZ1) has two standard projects :
1. publication stage : 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. enquiry stage: Cultural draft ISO / TS 80004-1:2010 Nanotechnologies
-Vocabulary-Part 1: core terms

b) Working Group 2 (TWAZ2) has one standard project :
1. technical working group draft (TD) : T Nanotechnology -

Determination of indentation film materials - nano-indentation test
machine

¢) Working Group 3 (TWAZ3) has one standard project:
1. working draft (WD) : " Nanotechnology - Liquid particle size

measurement method - electron microscopy

d) Working Group 4 (TWA4) has one standard project:
1. technical working group draft (TD) : T Nanotechnology - Material

specifications - nano indentation guidelines |

v



e) two Taiwan Nano Standard Council (TNSC) meetings and five working
groups (TWAS) meetings were held during 2013.
( 3) international standards organizations operation

a) Coordination of experts to participate in ISO TC 229, IEC TC 113,
VAMAS international nanotechnology standard meeting: 9 experts;
participating about 50 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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XL IEC % 77T E IEC = ¢ - A2# (7> £ 5 223 TC R &d BT & v
# {7 o ig= § % TC 113 TC chair % B2 Greg Monty £ %] UL #c e Bk » F]pt g
A - B KR &€ R Rd TC 113 p#:m 443 Gerd Weking # = acting chair -
£3 7 B iFe(WG32 WGT7) A 3 a3tk ~ B 4 7 & %W 5 Nano-enabled photo
voltaics ~ Graphene ~ Organic and large area electronics ~ Nanomanufacturing ~ Carbon
nanotube materials ~ Luminescent Nanomaterials ~ Nanoenabled energy storage ~
Vocabulary o ¢ 3k ® # i & cE e

- 38 53F2 0 ANF(5 )3 Eanims 5 IEC/TS 62844 ” Guidelines for quality

and risk assessment for nano-enabled electrotechnical products”z_ & » P L& % ¢ i
» A B EMEECD) 4L PRt RALY R X T2 BPERAOBRAY R
Flt AR RLAT RSB EFFERPLE > BT TSEAEHEL LAGIEHE
(CDV)» # 32 @5|{ 5 ¢ AW A L CDV4rm* 5 £3% > 2% %2 % IECTS
Br 3B Fo KT TR BEFRLRE > F L AHY SHR 2@
PR RoFZIEIRE S AR %7 M STOBA 42T » 2,41 & § 444 Li-lon
battery ‘it W E BB B 2 S H R RIE T BHRFEESB 2 & |EC TC 21A it
fF o A { scope 2 p 7 L i A 7 Li-ionbattery A B 3 ® rp ptk 7o F N R
i (1 performance or quality B~ %) £ ¥ TC21A r . 27 H scope # 7R » if £ 3843 »
IECTC 113 F & = % » & » % 0 F# £ (PWI, potential working item) » 1% 2 % .85 4o
62607-4-4: Nanomanufacturing - Key control characteristics - Part 4-4: Nano-enabled
electrical energy storage - Thermal characterization of nanomaterials, Nail penetration
method -

. %+ ISO TC 229 working group 2 * * # meeting (}* 2B T =~ 1 B »
102.11.9-102.11.18)

%+~ B ISO/TC229 €:% 11 % 10 p = 15 p &* & Belo Horizonte # {7 - %
79150 £kp 20 PR FOR AL E > 3kd T F FAEIN FEHGI L E
BFERE T AR § (ABNT)L 7% ABNT &% & 8§ chi ¢ 845 » LR
et i Bes o B R ER AT o R REASSELEE H
R AR A N R R RS RS/ RS EL SR > ABNT T 2% 58 i
BirPiwE R g o d AP HTTHETLE AT st 3 %% SiSNANO
( National System of Nanotechnology) -

€k F > 1 & % ¢ NLCG(nanotechnology liaison coordinating group) ¢ & (32
ANF liaison officer g 4 #7£)% 1 vk 2 ¢ 3k > NLCG § k& 3k TC35/SCI/WG32
TR R AEfR A 2 0 TC229 f43 Tt 4% & TC35/SCO/WG32 & = B B 1% ' 3p 7%
I At fvoorer kL TC229 %+ TC35/SC92 2z liaison officer» F]pt {8 i # in B Rl
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%22 TC35/SCO/ WG32 2. ¢ 3% » s~ 7k T 7] 5 TC229TC g ;iv\,i—;ig
(RESOLUTION 38/2013) = 4 & ¢ % WG2(£ ip| £ #r Bt £ 9% kp 15 BR
7240 BB R 3 BIGE CR Nl 2 FheB L 1 i) B2 (JWGZ) g3t #d 0 4 &b
TER e 35 0 (1) JWG2 Kv¢ ¢3& (2) 2 1 PG z’ﬂgfﬁ €k (3)2BFmy2
i® %2 ¢ & (metrology/strategy, primary particle/TEM) - JWG2 £ 3 15 @3+ 4%:12 B ¢

~1 BB 2B HEY o F G5 u@s&%v' FE v i FEE N ATRE
4 3 B nanoparticle 22 SEM £ (¢ 2 A HER) > 2 ¢ & 7 LEFATT (R K
P EZETNSC pan? 3-CNS %+ B 4pk » 2 ¥ 3-CNS %+ % ¢ Z nanoparticle
AERER(SF A BB F CNSZE B g2 &4 r A BB > F15 £ RiTHREZZ
o AR ERZA I BEFR TS LEFCNSAEZE > ¥ he R A £
cellulose & i#1= i ~ 45 W2 graphene $jirdp & % 7 #ATHRE S - v R EFHLF L
BE

(Z)R% L v
1L ZRNISTEZERZETFEY 71 ARM &R 2 £ T (28 fF
3 B » 102.08.13~102.11.18)
Y IR A LR
NIST 2 3 = <3+ £ = (Nanoscale Metrology Group)#= 3 E Dr. John A. Dagata # 4¢
BT E A AFM (5 A B T 7 k5L * AT 3 KRS aR s B ik S
WA ingr i o
RS LTI
B AT ERESEY T2 ARPSETR DA T O FAPKRETHRE - F
VREERSER S > RS ki U = SUPERERHL SRR AR “r# -
¢k 5 I1ISO TC229 Technique Committee WG3 ¥ 7= -3 k3 e ji s i ~ )2 & o
B EANTEIIGER DT RIS P Hip 2 g R 4 B E RN
et >t L gl % f < (Critical Dimensions, CD)22 258 0] - "g ¥ L E 44 L A 5
SHFR LR ?H 23 Ko E L @ﬁ%ﬁ REHF KGR pF Fp b o FE0p
WIG A NR N AR B FS R 2 RS B RN AE &R o NIST 7 4%
RS B AR TR T - AR RIPEEFE RS e od A Y 0D
3 ks £ P (Size measurement of nanoparticles by Atomic force microscope) » 7= 5 &
REF B EARLZ S h - Y P ER R AN A o H Y R
:,."l,i:a B;_ﬁl__g- B jji/{{q-/\;rgi—ﬁ_’:i ,{ﬂ #F’:]F\ o
YR

ﬁu—

\\\?{r

\'*‘ \m

v

BRSO PRRSF TR FEENE G £ £ SR T F(PSL)
%%Hﬁ’%&éﬁ§ﬂ%ﬁ$%ﬂﬂm§%ﬁi%* IE LN SR T e
A AR p AR G AR AR S T R R T AT AR A A g
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RAEAPEF fF 23 T X F]F f?‘ié_iﬁ'lﬂ‘fi—"* ZERN RN ) S W A £
1T # 4r ). Garnaes (2011) ~ I. Misumi % * (2012)#: & = p B.-C. He % 4 (2012)#% %
Grme Y EE oq AL B NISTAY £ i0jEd RK34R & NIST 4524 60 nm PSL
BAUZAPRFIEDNAETRA ) BESEPOPSLEA R I ZRES O EFTRS
4 R s iﬁwﬁ.v‘ Tapping mode X T X R SHEHZ AL FFREREA L P
Bo FBESE T FEREHA AU F F BT X @@é’%“%ﬁ.ai'f CHBREAT R AA
it @ PSL 2 Kk Rl G R hF B F AR S ¥ A B2
/| % B (Size dependent) » 60 nm PSL % st s+ ¢ > 4%/ $f e
AR (R EPHRE)  TEE SR G BN
FAAG AR LR E L Y SR M A A
PIHE AR h o P N A K SRS ehE B R R Rk
RS RIAELS AN
B IR E

Rt A BB (AFM)HigBE A 7 W BRI Z A R A 222 2 e
2B R LT+ BACEL(SEM)? B2 jipe 4e b AT E R BARRICE Hpirang B o 18 b
PPETEERPF LT OFERE > 2 o Fpb o F 355 BRHMAIE - R 2 8 3 g
BERIFM S A KRB RBEE S 2 P Ao m 2 B NIST @ 38 2 4 il Ap b g
Bpeo T4 AFM 2 2 ERIE A3 2] o d 25 40T 4 ARG AH 2 6
Hap e LS ER S e X fladmg o i« o 0 F Wi T ol R
Blo FIPt 0 Bd kR A kT A AR Jgé‘rﬁtu;ﬁsfgﬁ}& —-,Lg/n;gﬁ
EMELE M o BEEFELEE RS )R G P AT Eé_éf—m@’ ° ¥
o MBI PTB w7135 ¢ Ed 2012 1 2015 # (& (7 i 2 5F H s R
145 £ R ikr(Traceable measurement of mechanical properties of nano-objects) » 4 ¢ #%
2R BB DERIEY o7 o R 4 S E R N TR B R
EHhEAR o d 3 NIST pannrp &2 NMU 2§52 Kk F ehB8RIE 17> @ & &
EyVFaRE2ALFIVEFFBETR7E2 D A NMI 2 F 205 o F@e = NIST a9 §

g Foatnitz s

E
B
1z
n

iR PR #trﬁ

FN [F‘b o+

(2 )RR 02
1. FY100~FY103: ##APMP % S # /i B $HE FP R 5% 2 B 5 o

2010.11 APMP-TCL & WGMM = ¢ > ik d @lm&fﬁ?a‘%ﬁ?%z P i

2011-2012 ®W*Z 2 K k3 v H(APMP TCL / WGMM Supplementary comparison on

Nanoparticle Size)z Pilot Lab ~ NMIJ # i Co-pilot Lab - 2013 # 4 * = =t 45 2 &

% (DRAFT A)x:»t 2013 # 6 » »* o A B2 K RIS REA1 € > €7 &P & ~ i

R 3 RE Y BRI RIEL O N ERY - PRFFHE S EHY &
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ERERBAALEL LR A BRI AR T 2 A RN
FAARPATEFZ2Y -FPRL 2FRER? PR R ELFLHARR LG
BB 2 HArE B » UZ 5 AR LEReirs 2 EHS A A 52 Mg
BARR - % PRI HE S HHL PP gk §RY B R RN
Bl o do R BAT R RIS S 200 o B0 HE RS 40 AFM ~ DLS £ 8%
Rl a1t 0 g REWY SBZ P ARFFEABYEA T oo Hig R
117 APMP £ CCL ¢ 3% it {748 2 o

(z)& v 4R
meﬁhigw:
(1) o+~ FLTHELARTRER I AR I A PRIFHF AT T Blcsrm 3 (10221
1-102 & 6 * ) :

MR RARERET R LR A P L R R FHEFEERI A2
FO* R LR SRR BURT BAE2 MF MRS T TG A K S
e L —]tﬂt?djf; Yo F 2 B N e R EF KT E 2T o

(2 e FEToEL
-102 # 12 7 ) :

VAR AT RS 2 N B e R B Rl K2 2 N B
IRV 20 ERCRE IR S o S RS 2N SR It R S i
Bodgd R ARk o pLEFE BE AT R F R o 2 AR A
kA 2 I

@) PEAEHHIRTALE B RS T REETA R DET Y 2 SRS ER
M3 (102 &1 7-102 & 12 * )

i# * High-resolution = XRD(Rocking curve):& 7 & 5 & = ¢hd & (Substrate
curvature) & f* & 47 2 Psi stress F 5k 4 £ BIH&RIE A £ s 7 R 4 (Residual
Stress) fIw e & Xk F Skl R (75 BRI 2 WK BHEA T 0 ¥ 0hs e f A
o8 % % (Mass flow controller system) » g% % 3¢ 1 & 3504k 530 § 48 = ¢ (adsorption)

FAF &G N+ 5T S Racs g (102 = 8

-
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P 2 8 ¥t (desorption) {é ek 2 & 1 o %ﬁd AT EER R E BRI > REERT
(Porosity) % 34 5 = <t (pore size)* H 4 fw Bl (pore size distribution) -

(4) A SRR AL L 5 IR 8 A F S 2 A
TR R (102 & 1 % -102 & 12 ”)

Fi# X ESESBIHFH T PHRGEEFT e H T2 SRR I Mimd Xk
FoEPRGHEREFTE ERIEOER BT 0 ¥ he e § MO E K # (Mass flow
controller system) - %ﬁ“é FTRA O~ F R B LB IV E R Bt W
(adsorption) P 2 5 r(desorption)is ek it o d AT EERAEZ ERE > KT
3L = <} (pore size) 2 H 4~ i Bl (pore size distribution) ~ & %3¢ 4 % (Porosity) & -

G) "EFRIAEAYTTE LA WREEE FEEELE N APV AR ITHERYE
ofe 4 EEAT (102 17 -102 & 12 7 )

BB Ly AR R E e G M Rk iR g vl =R Bz K
BB EAPH LR > RS EE NPV L ?iﬁvﬁzfi’iﬁﬁi%_ o ¥ b FiEAR
M i L3-8 2 E B e E 0P L0 FRP AR Eaa iF, F Ehg
SRR RSP AR AT LT RER T AN B A o

(6) F =2 A& PR LA RES 2 58 E L B 3 N RARE Y 2]
T R y‘?'zﬁﬂ(loz& 172-102# 12 %):

BBl AR RPEEFRM R ARATERPY EHr T nitFmy
4 ogar A ok ;u_a_m/w;r, FI3 82 B LR BRTRY A ER D o ¥ b gy

B Ml 2 KA RAN BG4 EAEEPR REFTZ BT g RE

A
m
"“ ’%ﬁl,(;y%,b'g'/ﬁl & BLEES g ]v})‘%’i’r o
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@~ R &Rt

SRR © A LR R A 5T

(=P #]

(-) % ka2 4 PR 2 8§ a1 200m~100nm > CV<15% -

() 2t 2o FER GAEE > BRFERIOMYg 1 250m%g;: BiRl 4 A3 TR

= 5%-
(=) Zeta potential & %557 %~ A w5 f s = 10nm> T = 2] § F(— 200~ +200)
mV o

[AERHFHE ]
() 2ARFFTFFFAEUBENI: 245 CE&FERF 20nm~100nm > CV<I5% -
BHER DN AR REZ AR B AP FAEY B el E
& FMME?&%#W:{ o B AR A PR A FE 2EHRER RS IR - B R
RS R j@ﬂ“’i‘%iﬁﬂ # & (Woodrow Wilson International Center for Scholars, WWIC)
ePRTE % o L H 3+ 4 (Project on Emerging Nanotechnologies, PEN) » 33 & 2 5% 24 # ] 71T
500 R @ ihz K AR A S BicP o M3 IR 42005 £ 5 54 2 ~ 2006 & 7 356 i+ ~ 2007
# 7% 580 i ~ 2008 & 803 i+ ~ 3] 2009 # 8 7 = K4 5 1015 # > 4 & K H e KiT 18 B o
He BF AARB* D2 A Hildck K45 2592 ~ 2 K5 8212 ~ 2 K430 -5 1
F 35 ~ 2 F 144550 ~ 2 258 £ 27 2 o AR A 2003 £ B4 (T 2 8 BRI
0P A A HAENHER I IFIEP 2 - > %{f?: 2 5F &3 (nanoMark) - f€_2004 &
F#“&;r? T3 2010 & 1% 3t ik BEEZABRETORFLE24 7o £33 467 P A
o B BTy I P& 23 3% 2 2009 # 3 ATl AR R R A FIR - B A g 8 g
Mg EH it EFL TR 2 Fo R E A ififﬁ'\&é P 3L R KA
ZA PR R KT SCNT 2 2 AR S P m % 2 54 8 B cnfhllfasg > B v
Z=x 5 AQr A TIO~SI0OZNO % ok RS A A FE 5 - I F P 2w Ty 07
ZAPFORE-EE-X 2T VERY /Lﬁqé i TiO2~Si02~Zn0 5 FP &* &4 ~ %
B-iEB-% 25107 § RARE S etk o BR324 1ISO(International Organization for
Standardization) 11z 5t B iisik € (TC 229) OECD (Organization for Economic Co-operation
and Development) 2 2 B % 1 % > fFs 25 R 3 (4- # ® National Institute for Occupational Safety
and Health, NIOSH)#%32. % » % 3 Hﬂ‘ii%%éé%“{ PEHE A PTE T EE L BB T 2L
PHATEFER - EF ERFEFAMBE  o~f FLERHPEREF R
VAMAS(Versailles Project on Advanced Materials and Standards) ~ &g %% 4 F & £ BlF 1
#r IRMM (Institute for Reference Materials and Measurements) ~ % B & 73& % 9 % 3
NIST(National Institute of ~Standard and Technology) % > B 4% & 2 67 F 2 K A2 %%
FE PR BRI G R E o Fpt 0 21 T RBEPE S F 0 B KR gk
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o4 H A RAPIAEENIE G AARSE A RS G AN G 1 ¥
TrRERY M2 AR EVRA TRz R E 0L RE I AERFAF A
G FLRBELLSFFT > TRFHRBELE TR LT BHRBEL TR T &
D3 PEETEE S AR RY BRI RAREORFR ST T REMBR SR S AR
HEERE R EME T REFEF RS T RE > 0 E A TR ET 0 #T
REFER S B%iod 11

% 11 2 4R F ST T4

Material Size CcVv pH ETR Zeta ZnO
(nm) (%) (us/cm) (mV) J & (mglcc)
Zn0-CS-40 43.3 12.5 7.68 4.7 15.1 0.2

AFEF BRIV REBIAELEF YRS B O EENE L

T 2 o R FARCHATAT T £ 0r e Bl 11 535 F W B2 558 DLS i 7 A 4700 a2
i I

15

14
13 4

14
104
|

Drensity distribution

R R ]
4 Ll

Diam eter (nm)

Bl 1-1b % 4 DLS &7 & 47 &

?%AESF*@ﬁéﬁﬁﬁﬁpz’aﬁaﬁbéﬁ R £ A Rl A SR
otk E o B AR ARIB RS R AT 0 & 12 5 R til il Sl T2
o s FAcB] 1-2 #7002 DLS i 749 3 - B 1-3 ~B 1~6 % %r\.—‘;@ﬁﬁ]& de A £
S 1 SEM F L B o
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4 12 * Rk AR Sl

ID [Zn(OAC) J2H,O0(M) |  NaOH(M) T, .(°0) Time (h)
13031601 0.01 0.01 65 24
13031201 0.01 0.02 65 24
13031301 0.01 0.05 65 24
13031602 0.01 0.05 65 12
13031603 0.01 0.05 65 6
13031702 0.01 0.1 65 12
13031701 0.05 0.5 65 12

! G_
4___)\_, - |

Bl 1-2a#= & QA2 Sodfc & Bl 1-2b 7 F 4 = 22 4 42 S #c2. DLS A 451t
o 5

® 1-3SEM & /p|#+ = 13031601 & 7 ¢ ﬁrﬁ RS LY -3 SR I S
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B 1-6 SEM & B

VERREPES ST REZ 40 2K e HRE 0 B AORBRART Ba o 1 E
AR PRRE R > B ORELIEEILER & o Flpt o FH ARAHE S
F e A ACHI(5-AA & )0 B AT R RJLES 0 4B SIS H A A7 R (AFFFF)chiFiE
Bl fet kS o FARERTERF cBRAFT R DR S N kY 2 K
FoFARE F A RS AR T B R U e Blde 0 1 SEM BB H RIS
RECRAE > F A THEBERATEERELAT > BEHETRAL G 2 9355 B(F
1-7) o Befs > AHTRRBHAEER AL ZRREFTH Ao fI P FToamhiikamsa
% ik y5 1ISO GUIdE 34 e R[1-1] e F R R P L ePE 35— P RPREL PR -
B AL pS M EBH s EHPRELT BRATEFEL NS LT E -

28



Size Data Graph [Zn0-CS-40-1101-¢lectronspray-1.860]

(]

1

o=
&

w0 il dilll‘ ‘llﬁu...qn.. R TR R IIN)
w

Diseler ()

Bl 1-7SEM £ p|z A F &k RSy THE RS ITE LSS T

% ¥5 1SO Guide 34 2= = 9;&—“{;1‘;' Fef s s aFgy \W%‘f Ko He 3 ki
RE~ERAERS  WE P FEF R EELEPN FE2 22 umiEk (assure) #4rd &
2. %3 b ?’Tmr.r.?f o 1 TF ALF|IE P % r%?'f,f EALRVA = N DAl B MDA T

a) 4rim it FE RG] AR EEITEE 4 4 7 (candidate reference material ) iF

EpenER (TR L FERORRPREE)

b) ## f2 5

C) &= 444 Fofiat ek

d) 2T F FRIA TR 5 ¢ FEFTIEPDE LR TRE TE

) 7 FE TS

f) dofe F I B RS RERE 2 Bl e

Q) B EEA ¢ 7 Ay d kT R RISO Guide 31 # M 4 v Hp 2

(certificates and statements )

h) i i 2t %zmw [ e o

) g2 AR Hon ke XRw 0 ¢ K2 ARBRER - 2 L2 JRIbhE P

J) 21SO Guides 30 » 31> 34 » 35 & &
%%#@’iﬁﬂﬁ%*@18’m%mi§ﬁﬁﬁ$ﬁ%?W$iPw 3o 4 A A
nE e ARF I BERBIHERRE PRI HEFLELHRTSE -
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A R ij?

ij7 A PR EE R

FHEEL @
L R

Esq e

Bl 1-8 %44 52 A2 inde

FRHRELETFF 3B - BER Fdpihz - o AT Y AR - PEARYTE S D
oA o] Fo T S N SRR R B - g T e EAHE RIS
25 592 RSSO B 19977 0 SHA DMA B2 Bicdp 4785 o B0 A4
B&ag B AL % B Bk 7.2 (Analysis of Variance, ANOVA) [1-2] > ¥ & B #cdy
1T A 7800 o By f2¥5 22 ¥g(Between bottles ) & #g i (within bottles)ngl FE XA
1-3- 2 ¥ >SS 4w & g &R T = & (Sum of Squares) » DF % & % f 2 pod )§1(Degree of
Freedom) MS B 4 7+ #g.p (MSBottle) = 53 & (MSwithin)-T 54 # X (Mean Square) - - 95 %
EAEKET P EFESEE L0050 A1 ANOVA A 454872 F ¥ 2 £ 8 » L ~30
=N

49 -

48

[P

26

Diameter (nm)

45

T T T T T
#1 #2 #3 #4 #5
Bottle

W 19 559 3% Hchp 2 4 1
30




% 1-3 $+3F 7 #Ti& 7 ANOVA 4 74 %

0.97595

20 3.492 0.1746
24 4.1736
(=) #ApF L fEmnes  RRlFFI0MYg 3 250m*/g s £ir 5 7 AL

E=5%-

EAER S B HR AR BB ARG BT PR AR KRR
uﬁg T HCELH LA R LR (40 SEM ~ TEM) » B e g B % %8 (40 DLS ~ DMA) { #.i8 *»
B A ESN AFELL  EAEEE NG & ?%Kﬁ’%&ﬁ%%~$i
GHRBEHS) PR FE M A 843 LR F AL u3GEk > A7 k3
T MR A gl o d feTmi Rk F %L*mﬁﬁN&a%%ﬁQﬁiﬂ
iE e bl de &g A6 T B e % (Organization for Economic Co-operation and
Development, OECD)iadp 51 & 1 ¢ #1552 el i o 3L -1t 5 2 jiic

1. BEFHR R
2. =&
3. RS E LG

4. BRETHR

5 %R

6. BIEREIIBIER

7. A

8. %o ff

9. £w ity

10. 2% F T &
Rt s AR Y R F Rk — o A G ARG S B
? ;p R FIH RRRRRIL AP RRREARST JM 0 BRER S - R AR

- 7?#‘»% g > HBREE T H Ut R G FRGED o N SRGEE SR
B E o F S MEEREE ﬂ‘«"’““ Beg B IFIE A G A G PR E S o B ASTM 9
D3037 > B*% ISO &2 o & 9 1ISO-9277 o § Moz Ble vt 2 o ff RIT > Likfpf ¥
2k m&‘##‘f“i ’ ,’f+_ TR AT 0 AP SR (R R AARME T H
WA () B3 FHSESFGEY > - TR 5 amThT g o i §
RIRE T e B o I AR R En R I ARIE S A G 0 F L RRS E e
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ol 1-10 0 fvt 5 FA L fraR Mt TR L Y o d mog R k0 6 R i
P AW R I~ BET s ilom » st i B R SR S o A Y BET 2
AT A G R G S HIRT R R £ R B R LY N 4 G R
#[1-3] - i i BET k3-8 @ 5|amt 46 x v BET - 4 6 o % BET 2 2R keh
GEPPRAORVIRLZEIF VLD T AL RAE L > 5P F A RER LR BEY
FEOWR] 0 B ARFRT c PRI A G BRI s SEBETE BB P
SRS ket &G ARl RS BET R 2 3 A# B4 ISO 9277:1995[1-4]
r1 % ASTM C1274-00(2006) % - 't A G fF 2 R BRI 6 - Fp A F K822 5 5 &
REFVEFAZA LRI LA FER . CAPMAEEYARLEE > A R FEDF
F vt BET 287 534 Bt £ o 4 2 & R I i o

o g 432 % {4 (physisorption)
ARt i /T fif AU A& 4% <& {4 (chemisorption)
= . o = 4% #% 7k (volumetric method)
FARMAARZRM T ¥ 4 ;% (gravimetric method)
8 i (flow method)

A RUER & Mt & 4X A\ Langmuir (or BET ...)#£ #!

l

% 13 sample Lk & @k

Bl 1-10 % L4k 50 & 5 ff BRI P

d R R A G 0 P 0 BfR ki %0 BRI A SR A T Bl
FRpA R G fop MU IR A R FoF FIHE ORI U OT R &
BERCE O OSORE c WEEA S R T A e AR G TR LG f o T

TR g Ay P RES A e FRAEERE LG e fh (BR) P F A FEKE
ferd A RBEdFREAM - FERTNF F AT RS2 TiFefonrgE (V)
WA REHEAGE NE e fo® (Vm) »ga @ e Bl Y Lo pR 2
BB M F F A Bonk S B G fH(AM) 0 T AARRIR S & B A o R
BF RS ARE ot L AR 1-11 -
W s vy s s o aage 3 e 4
St st i Ly e e s

et wer 0 e ™ g TN LMY catnsaton can be umed 5 Seterovere pore
‘I!-u'wan-aw AN S A e St

Bl 1-11 sx *i 44 KL 2 F e B AR 7 2, B
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St £ G fE RRBATRE 0 4o L1200 RS B A THE BB
Rip R4 Eoi s Ay 4/ 22d RBPE RS 2% LR FpE B L112b-

Adsorptlve

Valve, closed — A

vacuum __ 4R
Port
Pressure

Valves, open — transducer

Sample

Coolant bath ~_ —holder

Ml-12ar %6 ff £p] % S HEM - ¢ 5 W L-12bBETR i ek m s o
BEmE S REZ A AR e
LiR-R

BET 32343+ ¥ .12 = & Brunauer ~ Emmett v Teller = 4 j&lg & st @A L 1h s 4 3
Koot A # L o TF £ ehBET = £2[1-5]:
p 1 k-1P
V(PO - P) mG mG PO

(1-1)

2=

1A J‘z—?—] 2o BET » A2 = 0 H 4o Vm &2 F B s V 2 B anbf ko K
FRERT F RSB R R APM ¥ B BET g2 b F Koo Zm AAH
2k BFE S B AR R B AR 1T FISRIRBEET R F o RRIFERY
i#?%3i5gﬁﬂﬁw¢1kﬁﬁ9@T?%&wiv’uW%;XﬂwWW%ﬁ
LYo d BET » 2 Ble AP E » 932 AehAl F o B> fm K1 Vi it 8
AR S R G fh o B RRGAPE > F PIPo B2k % 0.05-0.35 # B F 0 BET Az 7 %
ud@ﬁﬁwb’@%ﬁﬁ»m%’*“?%ﬂﬁ@ﬁﬁg%ﬁfﬁﬁﬁﬁ°@*$
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B 1-13 2 2 EE §F 23R E R A2 R BH kI B ETH
MARR 7T T2 % 1kMﬂﬁﬁWﬂEKSﬂ’%%E%&w%ﬁQgﬁﬁigawﬁ
S R Aled AR 28 I A Ao g AW R AT ATV S A
FEGUBEE S AR S IR T e T S e Ap R (P/Po< 0.01)
pEAt A A G LA A H R 0 Ft R R R s (0.1<P/Pg<0.5)
&W?ﬁ&wﬁﬂﬁ?4iﬁﬂﬁﬁﬁi?ﬁﬁﬁiﬁg’%$$%&%i%ﬁ+ﬂ

TG > F PIPo>05~0.8 Pt < Ui p IS b GRITH o @ R E B GIRH ﬁﬁ
FOF OB AR AT G AR AR T A 23 F B SR R e 4 ol

3

1-14 » B Lo stz § 5 RSB RESF M > A T B p 2 s B ngd RS
TEEOCHIARETRG FIAFEREEAT SR FIVR o SRR S S T R ) FR3
Wos LTl PRRER 23 o Ft F F A AV RS o A H s pE2 (74 R
PR AW R RPIF ARSI A R d RERE LR 0§ CELFF
BRI AR PIPg> 0.5 pF A mLEE 2 % sx B> 5 IUPAC(International Union of Pure and
Applied Chemistry):& /& & &t % = 3] o 3R] R A hd g hp 3+ R » 3
SR RAFRSZ R EIVR S FI YR F B &Wﬁﬁﬂ’*i Pk 2 TR R R
X2 THERA TR IV 0 T F Al R R S R RS
PR/ h 2§ BT e e FF F A IR APEERAS LRIV F O Y
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20 B BT o R L G ﬁiﬂmﬂda’;awﬁawﬁ 2 EBfE 0
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SRk Sl HA S FREZ VRG] 0 RAELZFYSF LESAR T 0 d 3 LG &
JARERIR S TALL 53~ ¢ B2 UIUF S BN A o U §OF eriE 2 i

Poir BAVIE AL A AT LR RIS oo AT B 1Y 4F S K 2 Smicro /SpeT M ¥
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Volume (cm3/g)

Relative Pressure (P/Po)
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Condensation in

pores/capillaries {SEERRRR
Or Mark Osborne

Bl 1-14 s 4 82 o0 F R 4 R (7 5
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B 1-15 S8 RF it 4m A AR %k £ 8
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Isotherm Tabular Report

Relative Absolute

Pressure (P/Po) Frassure

(mmHg)
0.010080782 T.428719
0.028603044 21.055738
0.063540474 46.771857
0.077544559 57.078207
0.099990549 73586870
0.119985860 88.310265
0.140049799 103.072861
0.160094764 117.821228
0.179870820 132369476
0.200435315 147.487940
0.246244770 181.198914
0.302320291 222450165
0.353616813 260180847
0.400426332 204 603516
0.450267863 331.252563
0.500241919 367.991272
0.549858924 404 458527
0.598713048 441.126754
0.647987339 476641663
0.696754522 512.518433
0.753728838 554.438721
0.797624108 586,742065
0.817254537 601184946
0.843529361 620.420715
0.880188551 B47.270142
0.901684 369 663.014893
0.919982038 676.434143
0.948173039 697.122253
0.976145341 717.650040
0.950979990 728.534485
0.998129210 733.786194
0.984253445 723.585205
0.964618551 709150269
0.936215693 688.269470
0.925501299 680.392678
0.900167735 661.766188
0.876318314 644 234863
0.851236644 625795593
0.825370723 GO6.786377
0.802038529 589626587

B 1-17
P -

~ER S FE

(=) Zeta potential & %4557

mV o

*& BEE R B %S Zeta potential & B AT w
HrEy
X EE BT PRI 4 T2 RARE - 5.

ke G e

=3
£

i 4Bk

Cuantity
Adsorbed
(cm*g STP)

35.6729
414231
47.0512
48.7477
51.1609
53.1152
54.9813
56.7751
58.4977
60,2685
64.2210
69,1904
74.0098
T8.7517
843152
B0.6400
98.0708

107.2653
119.0088
135.8220
168.9668
2180686
2511570

3051177
356.2486
368.3544
376.4087
386.8447
3948801
3978603

403.3823
399.0287
397.8113
396.0472
395.2412
393.0054
390.0971
385.6778
370.5610
371.4304

Elapsed Time
(h:min)

01:10
01:41
01:49
01:55
01:50
02:04
02:09
02:14
02:18
02:23
02:27
02:33
02:39
02:45
02:52
02:59
03:07
03:16
0317
0327
03:38
03:53
04:22
04:57
05:27
05:28
06:00
06:34
06:52
07:02
07:13
07:23
07:28
07:30
07:41
07:43
07:47
07:51
07:54
07:59
08:05
08:13
08:22
08:33
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FARHEDRE
B+ i =k ;2 (Dynamic Light Scattering) & 32
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& - ARG

=
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FFAE PRER
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i
ot

°o 1+

FEELR- o REY
i+ %mﬁ%ﬁij&ﬁﬁéﬁﬁab”
FHERSHET LFARE o A Ed
B zeta § =ik E’g%ﬂm

<

TR
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i
i}
|4

TEFFRA 0 A

TR E w

i‘;ii% 41 zeta

Sawranon BET Surface Area Report
{mmHg) BET Surface Area: 215.0580 = 0.8900 m3g
736.39111 SlOpE: 0.020088 £ 0.000083 g.I'CITI! STP
Y-Intercept: 0.L.000154 £ 0.000014 gfem? STP
C: 131.206254
Qm: 49.4023 cm¥g STP
Correlation Coefficient: 0.9998325
Molecular Cross-Sectional Area: 0.1620 nm?
Relative Quantity  1/[Q{Po/P - 1])]
Fressure Adsorbed
(PIPa) {cmig STF)
0.063540474 47.0512 0.001442
0.077544559 48.7477 0.001724
0.099990549 51.1609 0002172
73556127 0.119985860 53.1152 0.002567
0.1400449799 54.9813 0.002962
0.160094764 56.7751 0.003357
0179870820 58.4977 0.003745
0.200435315 60.2685 0.004159
73562805 0.246244770 64.2210 0.005087
0302320291 69,1904 0.006263
735.16186
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AR 2 1ISO13099 A je i 2 chE R
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TEsTR e

Ve R F

m]:4 ]jb ’

BRI RE

v

@2l )R % R A
TF‘ B /{/'a PICa LS
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v %] zeta Tt FRER 0 % BRREST O AERSOLITE RS P FEH A F
P BRSSP LMY S AR R R - o IR AR S B g R e
B 1-18 #77 o

The need fteta
potential measurement

ISO 13099:

optical methodsg,
acoustic methods {discar]j Beckman Coulter,
M Malvern Instruments

standard system
with affordable
price?

Yes

Beckman Coulter,
Horiba Scientifig,
Malvern Instruments,
WyatTechnology

Bl 1-18 $x pe™ iz I A2 1)

Pt

TR PR R R -Zeta T A B F S T oBl 1192 4 F B A T o
A REFE S RAKITSEAPM S B L ABLH RS N R By R R e 4 0 4
g2 aIliniAe BB P F 8 REDIAE B TF Moo Tt BT

FREFFERLHLIED FF» 1 REHE

Flw oA kA2 2R zeta R xR F AR HF A& 5 Beckman Coulter ~ Horiba
Scientific ~ Malvern Instruments ~ Wyatt Technology % = %> &R RIZ2E LELK I
iR ABcE G AR o 1945 zeta R 3 E o o BRlEd H S0 T ¥ B ARF Tl 37
By A bR E e THRAE N E A ERE SR A BRI TR E R
FAH B2 ERPES BH OfRITR o & 14 71N L REF R B zeta T AT RAR
o

2r 2l z
PR e

)
\\\?{r
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solid/liquid

viscosity

sample
concentration

dielectric
constant

temperature

detector type

detection angle

photon correlator

analog- to-digital
convertor

cell desig

voltage

laser wavelength

modulation
frequency

n

AC conversion
frequency

Laser Doppler Electrophoresis |

Fourier transformation

frequency analysis

Phase analysis

| Data processing |

B 1-19 Zeta & =4 47 4. ¥ B

% 1-4 Zeta 7 =4 7 REB O o d

Auto-correlation

Items Wyatt Horiba Beckman Coultelr Malvern
Model name Mobius SZ-100 Delsa Nano C NanoSizer ZS
Headquarter CA, USA Japan CA, USA UK
on-site visi date 2013/2/27 2013/3/11 2013/0314 2013/0314
location PLFT67 8 B IE AT P, 43 E] P, 23]
type DPSS DPSS semiconductor laser HeNe
laser sourcgwavelength 532 nm 532 nm 658 nm 633 nm
power 50 mW 10 mw 30 mW 4 mW
modulator |frequency N/A 700 Hz 126 Hz 320 Hz
detector type photodiode arfay x3®MT APD APD
detection afe= - multlplfa 90°,173° 15°, 165° 13°,173°
zeta potentfial multiple 23.% 15°, 30° 13°
size 0.3 nm ~ 1 4ym0.3 nm ~ 8 [um 0.6 nm ~ 7 um 0.3 nm ~ 10 uym
zeta potentfiaNo practical [limit/- 200mV +/- 200mV +/- 300mV
3 7
measuring r W < 5x1Da 10° ~ 2x10’ Da 10° ~10’ Da 10° ~ 2x10’ Da
voltage N/A 0 ~ 300V 0 ~ 300V 0 ~150 V
temperaturg 4 ~ 7a 1 ~ 7¢ 5 ~ da 0 ~ da
concentratijon up to 40% (0.1 mg/mL ~[40% 10 ppm ~ 40% up to 40%
size 45 pL 12 uL 30 puL 12 uL
min sample |[zeta potentfial 250 plL 216 plL 700 pL 750 pL
flat sample N/A N/A 1 cm(W) x 3 cm(L) x45mm(W) x 7 mm(L) x
aqueous sampleflow cell dip cell flow cell folded cell, dip d
organic sample flow cell dip cell flow cell dip cell
sample cellysolid/flat spmple N/A N/A flat surface cell zeta surface cel
electrode Pt coated eleg¢tcad®on elecfrod®t coated electrpde Au electrode
AC frequenlcy 10 Hz, 20 Hz N/A 125, 250 Hz 250, 1000 Hz
aqueous sample center center 5 points cell center
focus positilorganic sample center center 5 points cell center
solid/flat sAmple N/A N/A 7 points > 3 points
standard sa|Size _ v v 100 nm polystyrgne 20 nm polystyren
zeta potentlial v v polystyrene stangdardpolystyrene stand
molecular weight x 4 v 4

H ¢ > Wyatt &2 Horiba & * 532 nm 3 &% ¥ » &k k7 » Beckman Coulter 2 Malvern
B4 " 658 NM 2 633 NM % ik L F cr Sk R o F S0hbR T X T 0~ bk L £
YUAR R e Bk 5 R PRETR 0 M BER LR L g 0 RS RTEE R 10 4 58 o FTa ok
B¥ o~ btk K B

I
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| oo

S (1-2)
BAEAEFTHFTER S TFRMEDT IS FEGRP BB F DI G
(signal tonoiseratio) - i ERA £ FERHBRE AL T HL FWEEFRET AL FR - L

AEZIS SRR SRR S R SO SRS TR NE R TRy SR

ﬁzﬁw FENIRE B 5 o o & % guk LR ho SRR TR R i 4 i
€ FTELERA DR L o Flpt o AR P AR AR E S RGE T P RRAT R
R B kg S - ER T E o

B fd R BeamE * b oo Wyatt 41%* 30 Bk % - &% (photodiode)# = T {7 'L 7| (array)
£ 30 B R Boc f Flamu sl s Ao gt o gt 2 2 i B - i B R 30 K o
£ RBE T gk R 0 R RF T BTN A S BT o T S R MR
SR AR R B E ARG MREFOTERY W FRE LT BH
(Photomultiplier Tube, PMT)4a +* » Avalanche Photodiode (APD)£ # & € + x5 ~ B 3 &
BB M FTRE B TR TS ) 0 B eyt > APD e R B
B BB A P IR BT IR R 5 KA G i 4 4 S PMT % < 7 38 APD & § #?i
% e 7 on(dark current) o F (8 RT3 sk 2 B (4ol B Sk F )i 4 PMT - APD %
TALR A200°C I EREEYSDEREET  PMT S £ F $AFehd R o A 500 nm
~650nm =Bk B> LA F APD &2 PMT en& 3 £ % % [1-7] > = PMT &4 3R 4> 650 nm

2L S8 oY RN S s AL AZRBRADERFTHK L o A zeta T
EER S AR IEER 412 4°C~0°CaFERP > 3§ B FREE RS
PR 20 B PR TR GERELRAE Y 40— Tt o Fpt s iEr APD
FGE* PMT 5 % B4 o

OB fED R PR AR E BRI NS EZ I AN
FREF > DR ARFHET zeta T 22 32 XRS5 - FRHR&E S+ ISR
FLY cHFF ¢ 4 (polystyrene) # # 4+ + SC-0100-D [1-8] » #i < -] & 100 nm = 3 nm » & -
ER G 1% 13 33 kian i A1E 100 ShELieF o e X FHIESIEEHE o
TR s R FRT
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4 1-5:zeta® =% 3 KIS E RS

ltems Wyatt Horiba Beckman Coulter Malvern
Model name Mobius SZ-100 Delsa Nano C NanoSizer ZS
onesite visit date 2013/2/27 2013/3/11 2013/0314 2013/0314
location HALFI67EE | BZBERHSTAT A, 23] A, 23]
type DPSS DPSS semiconductor laser HeNe
laser source wavelength 532 nm 532 nm 658 nm 633 nm
power 50 mW 10 mW 30 mW 4 mW
modulator frequency N/A 700 Hz 126 Hz 320 Hz
detector type photodiode x30 PMT APD APD
scattering angle multiple 23.5° 15° 13°
sample cell flow cell flow cell flow cell folded cell
zeta AC frequency 10 Hz N/A 125 Hz 250 Hz
potential waiting time 1hr 30 min 30 min 30 min
measuring resuit -25.29 mV -68.1 mV -35.08 mV -37.83 mV
+0.94 mV +04 mV +0.49 mV + 0.65 mV
scattering angle multiple 173° 165° 173°
size sample cell N/A cubic cell cubic cell cubic cell
measuring result N/A 112.3 nm 115.3 nm 110.3 nm
+ 0.3 nm + 0.3 nm + 0.2 nm
4r# 1-5 #757 > @ * Beckman Coulter 2 Malvern ek B & | F| s zeta 7 B 2

1T > f1* Horiba ehik B8 R Flchfic@ )2 A8 @ = Aori@ 2 BRlE T PR KL > &
R F BEie AT 8- HWP o ¥ b hw fradrke o Beckman Coulter 2 Malvern 7
BE G ARFALESOER(R 15 AL AR B ES RRp AL -
17 fF o

2. BRRPHT

4odh F ATk 0 AERPER R zeta R AR ZA BRI REE AR TG RS
22T RS B d R AR A a0 R RRAFEZF G o
Ao 1-6 2 £ 1-7 0 T 2kttt BEHFIT 404 1-8 -
% 1-6 A &30 ~ A B2 Bic g AP
ot P
e Ek3F A a 7 ~(zeta potential) £ B ootk & A oe 7 2 (zeta
1|8 B potential) £ /B - % F #iZ (particle size)z ~ + & (MW) > 4 f& 5%
AT F A
2 |E Rk & BirisCkip 2 3 B4)2 A&
3 |k R ERREL
THFPpWEIE LI 75 C~90TC
4 BRI ﬁ‘r”}i t+/-0.1 °C

FROAEREFREE zeta T CHERR 24T

ﬁﬂ“’" -l H D TR HE R RERRZETE
R 7 i -zeta

1) "?L;ﬁ;‘ zeta® =2 HAF

2) ¥ H

5 |gck8 i




HFE

5) v EFHMAR 7=

o MR FIERLATE S ATk
o HHHFN-~AFE: VIE TS S E 2§ H Debye plot
o I 77 i&iEM zetacell (1 p]kghiz3t ‘*%ﬁF’*)
% & cell e T g ik & zetacell
o i T 5% (quartz)
o TR v
HEE S (@ zetad EER- &
[ J

A EERERGE -

£1TA S RES 238~ sk &

Zetaw =& B

2RRIE 30 & 5 Rk ke
. T & F-200 mV ~ 200 mV
il?lj%w]f] : “’L A 4 N D Y AN
RS ZRAPE 3B RS R AT

TABBREZETRE (ZauFEANTASTRZ ETR

zetaw % H A0

- AT TABEBRE AL G

R R o

ERlRm 5 1 kRS

TR ER I 0 E A E LA 00°% -

B RS 4 R i")j&§06nm 6 um #= [l

kR I’ 3{10ppm 20 wt% = )
7 f'rﬂhl«_ i Bl

2 O AR A %ﬁ“%iﬁﬁ@
A B p B2 A 7R

i S il

£ P # F % -» & % 10,000~1,000,000dalton

By 4 A7 T 324 5 £ Mw % Debye Plot

3 1-8 s fcfi i

wmp e N
B RIF #.i= 10 nm - Sum
o LRI RHa T i(Zeta Potentlal) Rl Toak&Eho s T ha gt

W
7 = (Zeta Potential) & 7] » 2 3t n‘m;(Partlcle size)z &~ + & BREP & 24 SRl

R =\ N\ ), A=
(MW) > 4 4558 & 45 7 i AR 2 ST R

B RIE S 7R
® KipZ A A E 5
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W e N
KR BT
Sle gskm
A e &7 R
o THFp#EI I Se 7 5~90C:
4 o E(5C): 2E(25C) - 3 :8(80C)k &kl
o Hma . +/-01C
o T papdARRFRFTRIEE Zeta TIEHERREA
170 I p #3408 & (Melting point)
o WHMFi-ET: FIHTHETRERALETL ko9 p
® *rky 5 -zeta :
Dv -y Zetaw 2% 2 & i
DFFERABEBRE HELG
c JT i E st E*%‘;Ti’ﬁ‘léi’l’i%%fé_
HNFFEBRRETR
5 v 8 Hiie 7>
® FHMIF R VI ERLAEZE S Asriidpik
o *HHHi-AFE FE s 3 E 2 5 W Debye
plot
& LA ES
6 o T iR iE® zetacell (HR=E T 4&v &) *1
e flat surface zeta potential cell *1
o RERIEHSEE (quartz) *1
o R R R
7 o REEERE- wE g 3% p
o Zeta® iEER- &
o L FEREHRI-¥

3 RFXKZ BT P R

B2 &k B 5 Malvern Intrument = 7 @ ¢ 2. Zetasizer Nano ZS » 47 % » 7 & B3 7%
FFE2Tafgz Zetan iz PRy B3 RRZARIEE AF BN o % 7 Zeta § A
FREFLB RS FES S REFH T2 ﬁx%&%&ﬁ%ﬁi%fg%—j Bt 2 BR A 0 o
Al X &£ 1 RF L AAREREL FELE (R 1-20)> vk § RBP4 R
B REBEF RV g mpgrg o

G T A BRAH L BRHAEFTRE B RRAEERERE Y - BREE S

R R FRRE T RS2 Zeta T i A igfgw,;@4%%ﬁ@ﬁ&%
AATE A B TEREK  BEBP EFMARE c HeB R Tk 19
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B] 1-20 Zeta &

% 1-9 B et 2

iR E

2R B0

AR

R R T

BRPF e ORI EIP R E
s ey e TR .
(ergmn | SOTETE e wnpieswe ) & 3
promaa g LN |FRERREARS 0 RE | ()
*Capillary cell:
kApE & -421mVE21imV |- kAR RS
g s g [P R F LS B S 106mY £0.9mY Malvern 5% &
L Ab .« 5= - @, F e 5ok )
$5 TRl | B /E.“ a/Jﬂfﬁ R R
23 it s & - [*Dip cell: Carbon in EtOH,
kS -41.9mMV E14mV |EREE
-7 WA S 17.6 MV £ 0.2 mV
*—E‘_';EIJJ%H!; ';E‘]\‘j: . -l-r*:ir'f’*;_i
X - L= + - R it T
GEERR T 2T ST R Siwafer: -44.4 mV £ 4.1 mV *m 2l SRR
Bl g -Si0; film: -30.7 mV £ 05 mV |iE
R Rt
-20 nm % &: 20.37 nm = 0.30
nm

* 2P oA

-~

S ol s

s

2 B3 RS
2 )

-60 nm #% &: 64.15 nm ~ 64.77
nm

R il - R
Thermo # # &

-100 nm #& &-: 105.0 nm ~ 105.6
nm
R o e o |-Malvern 52 50 209 kD + 9.93
N =
-+ _E: ( )’E‘_ 14 Z?Jfé o = *% PR kD Malvern ﬁ—l'% F'F'FE_
i ) Sp FReR S 178 kD ¢ 751 TP FREHES
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BAPNE ) 0B ) 2 FORIEPRRS %

. X 3 . ot .
(epgra | COREER s e wnemes i ] & 4
Ll R Q?JZEJ*QFF: »’) AR kL S0 N EE (g )

#) S e e (2)

kD REY
kR 7 SRR (BT % % (HeNe) 7 #+ *1 TH-BL T
fa 4 iR+ f
a‘:‘—“'#ji# e LH R R R -5 C: Fi=g & 5.00 C
il 3V E Z MR TR R o o
500+ BE A g g gD T IPRR 2496 C
~ CRRRERR 0 T gt A
U e R TS RS B g0 0 2 & 80.00 °C
"R (5C) 2B (25)7 R R ;
S e rane (Fs=pe 120 4)
C)~ BE(80C)
*¥ e 1~4- 2 capillary cell £ ]
USSR Malvern & & 5. % 6i:
1)¥ 2+ 8 Zeta 7 i
, -he R -42.1mVi2.1mV
2 H N F
o - % A -3301 um-cm/V-s +
AR 0.165 W
, . -cm/V-s
R H L T - B EELT Hm Malvern 1 # &2
37 ;_Z o J‘t t i TH L[ PeA23Hz £ 208 H |, ;f"‘"f
¥ oty - zeta potential B3| ' N R e

Pt P M w s g 0321ms/em + 00007 T T
BFEHE e S AR S/ haE
HT 5 e
TR
5)¥ & H 4L * 5 5 11 Siwafer ¥ & = 1:

B TG eRpE-444 mV 41
mV
- R
RS 30— m e F02 60 nm L b
TR R W LB P2 Bedg A |- £ 64.15 nm ~ 64.77 nm
5 Av\%'(']i*_#ﬁgt 17 - Ao\%’(']:*_:,‘;] # 0.008 ~ 0.028
*IR S -s 3 2 0 - R EE A2 Malvern 58 55 B
FRETms3E ST EERE By~ £ 209kD £ 9.93 kD
% & % Debye plot |~ 17
RS
)T 7T &k E
zeta cell (i p] it - Dip cell *1 ‘o
TEY F)- B CINTES - Surface cell *1 %= EEJE A TS

2)flat surface zeta
potential cell - &

3) &R &

- Quartz cell *1
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- FEEEE*L B > 2156 kD
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TR RRE SR RE
_— R R g B R B R R 5 64.15 nm ~ 64.77
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B+ BT O °p"2;%ﬁﬂﬁp
. - w I—=hr .
- e
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% 1-10 13278 P Rt 4
RIGRIE R RIS AP ) S
1.‘)’%‘ Rtk AT A 50m I 50 um
R FHRSERZ Y40 % wiv
Zeta i{, fi g_‘ / \ 7'0 ,(B“/‘J‘/z‘
2T d & A3 Amm (£E) X7 mm (%) x 1.5 mm

(5 R)

5. 14 b Fik 7 RIGE

FEFR T2 ¥ HE 2L EHS €327 & K> =3 3212 6 R F¢C -l'ﬁ(Ponstyrene
Latex)z -+ 4 & B2 1AF I H 24P F 5T T2 ZetaT 2 2R EREHKE
BT 4 1-11 -

# 111 2 K %4 % iz Zetaw i

Material Model name Zeta potential
polystyrene sphere 100 nm  |[CMS-PS-100 -15.1 mVvV
polystyrene sphere 200 nm  |[CMS-PS-200 -59.1 mV
polystyrene sphere 250 nm  |[CMS-PS-250 -48.9 mV
polystyrene sphere 300 nm  |[CMS-PS-300 -15.8mV
polystyrene sphere 450 nm  |[CMS-PS-450 -60.1 mV
polystyrene sphere 500 nm  |[CMS-PS-500 -54.4 mV
Siliver nanoparticle 20 nm  |CMS_S20C -36.3mV
Siliver nanoparticle 60 nm  |CMS_S60C -45.2mV
Siliver nanoparticle 70nm  |CMS_S70C -50.8 mV
Gold nanoparticle 10 nm Gold colloid -17.6 mV
Silicon dioxide ERM - FD304 -48 mV
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LB ARE L BRAIZ K L3 FY103 # % = Zeta 7 =& PHEE k sz g2
TEAFETRTR S ERIR A K ‘mﬁﬁﬂzw L RERHAT c NI REE R BT
LR R AR AT
Smjggz)(};/Z) F(xa) (1-3)
TARN Y S0 G zeta R o SRR EEF Rl Ao SRAEF ARt BB E L G o~ 5
AL NG RETITHF e L BRDATHVEEZ P THRBR 0 5 > HEESL
53k % & ji & Debye-Hickel $#[1-9] % % #A & & cooin|#c; f(xa) 5 Henry & #c[1-10] >

&
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B (K@) a0 =17 T(K0),,, =3/22 Fep o ° B4 420 &R S oG (77

FEXRA TR o FGERID P 2 ¥ a2 % o

[ Hish]37]
(-) 2483 2345 %ﬁr;ﬂ@lﬁj&‘f: 24K F v aEERI 1 20nm~100nm - CV<15% -
BT R P Z AR SRR RS G A e F 0 5T R

FeEad M R T HAR A 4T R 7 A et (T o 2 HALIR S A 45
RET R B ehA T o 0 H P A g PR E B O F B R
FACA B AFRES G LEAYE 0 BB Ul AR R o S hE
- o & Bl4e 1-21 o 37 & 3t (Field-Flow Fractionation, FFF) S_#F 07 k& 47 4 35w
(chromatography-like separation technique) FIERR 22— 0 B - X HE D # = 1960 =
e Giddings » H 18 & b B 4R ds 3¢ (flow, FEFFF) » it "% ;% (sedimentetion, SAFFF) >
44 3% (thermal, ThFFF) s T (electrlcal ECFFF) » £ 4 ;% (gravitational, GrFFF )
B x o 53 S (Asymmetrlc Flow Field-Flow Fractionation, aF4) o 4 ji & &

At d B % h A Bk (ribbonlike) o d i1 F L de ciE K B (G F <05 F F )t iy
7 PR & H 4p ehk 47 $L(one phase chromatography) RS- SO SR gl ol - T;’S%f%’_
A 5 (splitter) » — MBra k2o A e AR P RIRCE P REART o Al ens GLE R A B

rode- BAC SRR o BE AT tH A R&Ed HPY - 2T AR A w-w‘aé;/»\“
H oo ;W*"(carrlemafjf - AT A TREE S 0 F Z NS AR J\f%}i@‘fﬁ
= & & Jn A8 (thin laminate) & 4% 5 e B oo 35 B - o) B3 0 10 FIRGE fRT 0 A
o rv A EE S F v I foE T nd EH - A2 e AU PR AL Bk B T
FoEflencf 72 pendic > 2 EARE o AREBEA R W OTE S e b - Baf
e (1% 4 ) (driving force) & -8 » # 57 £ XA FHPE AndhEd S w (R
=E) BRF FREDHBEED D F pehdi vk a E DA AP o

Inflow  Inflow ‘ Outflow
(sample injection) Field (to detector)
vy _
= e =J = s 2

<—Upper Plate

Channel ——

Flow ——= oa
o m—— P20

- L4 Membrane
- e I
EEEEEE .-[-< :
Frit

ERRERN

Crossflow
Bl 1-21 3 $H4E8-05 4 37 2 BI[1-6]
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A EEHEY R B L Eclipse™AF4 > Sk TACT L 0 A3 E %40 B 1-220 8 F =
BN REERARRE o A SR AR B R R ATENE TR B o

% 1-12 AFFF & B8 | 2 8ic2k 2

B AR BEasE | BERER | AR Membrane iR
200 ppm  NaNj 50 uL 2 mg/ml 25 C 10kD | 1 ml/min

Relative Scale
=

0.0

. . . . e
9.0 10.0 11.0 12.0 13.0
time (min)

Bl 1-22 3w B S B R

S) EARF LG FERAEE > BRIFFI0MYg 3 250 mYg s Rk T FE
B=5%-
7"?%#2#%'1%?.% g BET R R 22 » CHEEHFR TR G Mo 4§

FRER 2 BB RBE *"'ﬁz? T EERE DRI EE oA AT 2
RCIE R SO s T R A Fpd B4 e oz MR SRR RE Y

B R Bl AT P I SIE g e (FE RPN A G A BB E SRRk
SRR LA RFRETZ AL - ARBRETRERFFHEZOIE T
B REEEE G EEEERE R ERAR AL RUREY L ARSE
WA R ISR A R T AL B &G A TR 2~ Langmuir 20t £ G ff A
1Rl Efr BET 2 L g fF 4 47R 2 F o P PFies A SREX 3 F- 28k > 2 Y
W R R B EE R FHE DS S o A BET 2 %Y g indy
AT F R APl F L - B b kT BET R RIE K RF ER
DS F A BRPIPOESE > NI PIPO TR R W3 E - BEP/PO T
BET s i 4247 B 441 2 4015 00 > 7 o e 8 BET 2 ek &7 o W oid
s

9

P

ﬁﬂ’ om EREWEMNIFR LAY BEAN G FEREELRE > FEREZ RIS

i ’% Whognishi i  HENFHWE LEZF AR TR YT LR
oA FTREREZEMG RJL M RPUNAIRTE T BET MfERI 22 > $HHRE
WEURSFEZMFLERIT  EFTEL R Bgm > TIMHEZRE EZE®R-
iR AR T AR Fipd B4 e oz MfF SRR RE Y ok S
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A ReTER Y 2 BRI REEA 0 LR A MR B rami s .
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EIFTEE A A AT AR E 2T T SIE 2 kA R ERP REE R
B B 123 5 ARlE R 2 E R R AR B 2R Sl o

S Sl &4

& & (m) £E(9)

EET1Et
WW)!

ﬁm%:vm
(m?)

i i
REME,S i
10 nm~250 (m3/g) ¢ >

B 1-23 )k SLig i ]

(=) Zeta potential & %2155 ke w2 = 10nm- § = & il 4 F1(—200~+200)
mV o
g AR RSN R RS TR TR ABRAGED L1 R FHT A
EETER-TRE AC FEBFEZR 7R RFHMAE R T kg TRIROT
TR - TREPIEKACR 1-24 -

B 1-24 T & & P2 K B

[ %tz #3357 )
COIER S S S Db F S O I %Hﬁ‘%—i%n‘:i—? :20nm ~100 nm » CV<15% -
RFIRB RO B 0 R N B RO Rt BIRON G R R
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fde r B-AA AT Z 15, Zn0 et F A RBAIL R iR (T o MR F S A3 ] PEA B
Sl RSP T Ak b F B2 S BFAAL T IR RERY >V R 5-AA L
FEATRRT A B o Fp 0 EEFR5AA LT X AR h3 B3 R FREL S L 4
- TR BEFAAI FISHESAAAL F T R DA[E T o 4 2 KB B-AA
e fEoRA R 0 AIEHRT] 65 CH A4 4 r » SR AT 0 U N FFHZN0 2 FT D
BITE A B QBB R IR AT S R R o e B
HBEOF % T r FHER 5-AA L Bk iR, B2 £ hZn0 £+ § 44+ Rt
Ao ot g Sk 4cBl 1-25a 77 0 BlY A B2 SAIIZ RS PR - SR
HET AR Y - EFTRILARAITEF RS % 4B 1-25b “77 -

Zn0-CS-40
478
P .
474 b= !
47.2 + . *
P ) S LA LN .-t
E 468 E .
Ta66 LY o L
S464 b . _ ]
2462
= 46
=458
456
S8-chgo B2 838
s 4355 ¢ 4353333
B

Bl 1-25a & ol 4e » chpf i F s en B 1-25b KRRV R R B IR
o TP AR NEGRRT R

() 2t 2o fFRRLASEE > BRFERIOMYg 1 250m%g : Bkl 4 543 AR

B= 5%-

PN RBFROEPIEE  FXEVREPI 2 QATKRE B T
e A MFRFRHRE > BRMEARER CRRVERERS RS2 L5
R 2 ehen= 58 I Rt g2 2 X PREFREP DFRIR LR
2R e AR o R WA A B EERE S URE RSB 0 TSI E -

SR RP e R ZFP ARG FER LSRR S

(=) Zeta potential & B Rtz T~ HFpEE 2 X - 2= 10nm > F =& Pl F(—200~+
200) mV -
PRBLBESBERSLAETTRFALE B RSHEEZERTRZA
Boo it p A2 REHETRAED. > YV R P ECRAEFHIBRAEFHED
| o R TR A ERF RS T N MBF LI AFEY o
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Tt 2 & #?‘iofr‘ ERPFR R oEFF AT/ NEATPEFET
A F BB S hg R R BPFARREL R ML o PR RERT BT
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FEEFRAFYLIB i 2 AR Ao FER KRS A EEARTR > Tk
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el E > BHAPFREIFI A FEF L AERDTLE - B LG L R

< e g 3b s o Bttt 4 o UIRBE 2 &2 % > (Enviroment, Health and Safty, EHS)* % &2
iﬁﬁt%%mﬁﬂi‘ﬂﬁmifiiéﬁg LA G ARSI V- BE RSl AFE
1% 1SO # AR sk - @ SB et £ R TEFZ AP S 100 nm 0T EF L R 2 RAE
AR Ed BB EFRADURT RPN EFF o Fl o F LG (60 m2g)LTE F &
I~ PRFFIELHE R RS RSB E- B e FiERT
RpRE RO Fa o c QARRIARFATAL ER P2 - > Fla T AR
FARARTINE X 2B ORERFES  F o BN A RS W ARE o
WRPAPME = 4o TFDA ¢ K F LR Ao ff 5d R RBREER G &Y h3
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S EWRRHe R ERNREE s B
[#2p#])
(=) F“HE R & 2 g PR 2 2 2 A IR
28 X BRIV F MRER R Y L Sl A FERAR IR » £ 2% ISO/IEC
Guide 98-3:2008 » 4~ 47 & # FE XA KR ZE FooF FETAE 0 F13T I A RIRR LR
BEPRA R A R ARK BRI 2 PIFIRS
3L B4 5% e st (adsorption) /A f(desorption) 2 Y& & A (hysteresis) 0 i = 34k
HHBAL RSP EIRE A > T EER Y Low-K EH R b A BT it
B (0~30%4F fre i pF) o
Uncertainty 3= (4 & 3% < pore size £ R4 F 2 nmx0.5nm > 7 & <& 0.3 D - D:
pore size)

LS
d

CETEED
(=) 3 HE R R R L s =
1 x5 @ 4

X BRI HF SEk & F R R T l:_géf#ﬁj}ﬁg e A R MR R o X
SHALUTF R I R SR R S B RIS dem FADRRRA (MFC) ~ 6 § 4T ~ et
WOES - X Motk - BHRH E w‘*iiﬁfﬁﬁ‘ﬁéﬂ$°%1$%@—ﬁﬁﬁ

AH S BRRIEE Fp kS i m o
EJH«E%
dTERERL A Fs o m - A t y
F P ROFHOR A A F AT AR AR RF R g AT

FLF Rl o § @2 BAZEY B ATIOPRLE S RBEES
FeE g R B R F ORI T F R RE T R F

X ETHIVIHF SR BE P L e Hdm bk X M F 5 ik - 517 %
S B FIF R TR TR S (VR T HRALE 2 nm) 0 H e TR o R~ A
E%Eﬂ%%zhﬂaﬁixw@ﬁ%%aamg;X%?‘éﬁiﬁ%@g‘W£
i ,% ¥* (Cradle/ Anton Paar goniometer) ~ & & e ~ 1B B (Xe t* G- #cE) % 3 (T
i’ﬁ@%ﬁ%@21%ﬁoiw§$ﬁﬁ%m@§ﬂ’Wiﬁ%”ﬁ’ifiiﬁ?\
Jis Shutter B B - § iRk £ PRI B PF > Shutter = B B 124 G X-ray Source » 4 & 4 &
OB dEiR St A ek AL E o

ohk XSSF SR e TRAAIE4EF # T+ (Accelerating electron) # # 15
Wb e A 4 7 3 {5 5+ (Bremsstrahlung effect) » st i 5 k3 7= £ 5 1& @4; @;*ﬂ Lk s B
;WE F A4 chgr gk & (Characteristic K ling) - 4y e & 5 #g-_*?ﬁﬂ?f gALBH TN
d A AR R X G o AR RIRF TR b gk Bk B
D f BRI frok iR B R A0 45 kg I 5Kg dein B3 R 0 LT Rk T
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efEEkE

&RER @F’é’#ﬁ* C B AL TR o

{58 22 AR ¥ 3
B X i [2-2]7 ¢

SBR R PFRRAE ST B[2-1]7 2 EnCE R,

302-1 ek RRERE- T

KR A

RE A g A5 FE | #E A %ir
TS X’PERT | DY220 P iy + ik £ 1 CuKa ,

X g3 F 5%k | PANalytical 15 ®E

% PRO 1 " 10.154 nm -

Poig e B B Anton Paar | TCU-200 -- 15 |~ # 44 11000 °C ®E

F 8 éf"’#'] ES Protec PC-540 -- 15 | %% :500sccm RE

SIOCH 3* 14 & MSED PM-1 2200A | 1% |34/ << 2nm R At

1.2 2]k 5T LB

A X BRIV HF Bk E R %
B vEREE 1A fe g B ) R

L ivl

21
¥ -791"‘ L‘l—

% 4o 2-1 45 o 17 RG

iﬁﬁ"\?mﬁ*gzﬁi’;&?fi{“ ’%ﬁd & Pl
<t [2-5~2-7] -

(). =25 i

Bl 2-1 X 55030 1 K 5 ik & JRIE

—‘-ﬁ

23X 4 (MFC)

(2).4c 4 § 52 53

()7 mEsr 2

(4). P-i¢

“H4% Np # 18 & Carrier Gas

F4v 8 (DHS 1100, Anton Paar)
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£ 5 Kapton-window 2z chamber (& > ¥+ X-ray = 1z)

G X SR SRR TLR &
B b RA A BN R R R TS R
%% & (Critical angle) e0Z B8

» F 1

i %




(5).X k&g (X-ray Tube)

(6). Mirror (with Monochromator)

(7). % # &P £ B (High Resolution Goniometer)
(8).k & T = ¥ = (Parallel Plate Collimator)

(9). ¥ p| ® (Detector)

1.3 £R R
BRI S A f HF T o S F R M b Y it MR
%5%%%W¢%ﬂ%%’“¥%wwﬁ A3 e PEER R AR BRI 4T w?&
(Critical angle) =% 8 > e 28 (2.11) 2 (2.1.2) #ror 0 B Y Puac (%5 @ eif
e )~ P (RAcF ggﬂ SR R) BB RATE > Poene (RAFERR) Lo o
MR AN (211) 2 (212) ety :",¢ (LM, %) % P fiim (& ag;kgggﬁi BRR) -
Ftefos e g § 7 AR e@F L B ¥ F 5] - 341 5 (Porosity)

Puac = Piim1—9) (2.1.1)

Pyap = Piilm (- &)+ Powen? (2.1.2)

ER A AR 03 b F R B D e frn R R Rl ® (9 6~108) W
oo 3 2rdodic (Gauss function) b E R B o A g BikcEE & (Curve fitting) - £ 518
Kelvin’s equation & % % 84 & > 11342 = ~f &1 > wEILZ R~ & % B (Pore size
distribution) -

L IV E A S o %‘gr} BRI GIVEE A W AT FRoF M B BT E R
Bt (d XRR & Bl Critical angle &4z > B 2-2 (a) =t 2% (b) %rgd 40> & 5
BT FF LG TRE) P ATIE R E 2nm T o B PR XRR 7 H
AP BEF ST IR R RI23F g REE T FF W AR
WER R RE S AR o PR WMRGRRE G K OF WS RR SR R SRR HL T
E P RAFR G (Hysteresis loop) > & 7n o+ 5 3- 28008 5 b2 34 A (5 chz F 34 F S

56



(@)

36000000

Intensity (cps)

25000000

16000000

27T-100sccm_after 400C
24T-100sccm_after 400C
21T-100sccecm_after 400C
18T-100sccm_after 400C
15T-100scem_after 400C
12T-100scecm_after 400C
.09T-100sccm_after 400C
.06T-100sccm_after 400C
.0O3T-100sccm_after 400C
.00T-100scem_after 400C

1+6
1+6
1+6
1+6
1+6
1+6
1+6
1+6
1+6
1+6

heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump
heating-closed-pump

0000000000

9000000
4000000
1000000
o . T - T . T . T - T - T E T -
0.15 0.20 0.25 0.30 0.35 0.40 0.45
Omega (Degree)
§ | 0.27T-100scom_after 400C heating-closed-pump 1+6
E 36000000 — 0.24T-100sccm_after 400C heating-closed-pump 1+6_de
= 0.21T-100sccm_after 400C heating-closed-pump 1+6_de
§ p 0.18T-100scem_after 400C heating-closed-pump 1+6_de
= 0.15T-100scoem_after 400C heating-closed-pump 1+6_de
25000000 —| 0.12T-100scem_after 400C heating-closed-pump 1+6_de
0.09T-100sccm_after 400C heating-closed-pump 1+6_de
J 0.06T-100scom_after 400C heating-closed-pump 1+6_de
0.03T-100scom_after 400C heating-closed-pump 1+6_de
16000000 — 0.00T-100scoem__after 400C heating-closed-pump __
29000000 —
4000000 —
1000000 —
o - T - r - T - T - - r - -
0.15 0.20 0.25 0.30 0.35 0.40 45
Omega (Degree)
Z =L h=a v = » g L 2= 2N s ' 2
B 2-2 F3tHEnong Morgd () 2 F Wosd A (b)
> oo At L 7 S N tety ~ = 2 - ” v A=
LR R F R )d 0% 27% » B wrid D4 Frex stk g

Bl 2-3

Physisorptionlsotherm

1.450

1.400

== Adsorption

1.350
== Deszorption

/4

1.300

1.250

1.200

1.150

Film Density(gfcm3)

e /

1.100

1.050

1.000

0.05

Q.10

Q.15

T T T
0.20 0.25 Q.30
Vapor Pressure P/Po

bR RO VR e o R AR = e F IR % (Hysteresis loop)

0.35

0.40

0.45

0.00 Q.50

-

FL

Z
4

s

Y

LB BT EL S A bk
BB AL (Xdh) Ta- 3R EWR R E (Vi) ® fradic (Gauss function)

o AR BHE A 17 (Curve fitting) » & fie & Kelvin’s equation (3) > — = 5

/- E?

/|
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Bef A B (p/p,) AL (1) HEH O deT SER

AL (2.1.3)

° RT In(p/p,)

PV =nRT (2.1.4)
;¥ (2.1.3):V, 5 Molar volume (m3/mol)~ y 5 Surface tension (N/m)~R % Gas constant

(N-m/mol-K) ~ T % Absolute temperature (K) 2 p/p, & # #8~ B &) o 58 (214) 1V i
Chamber capacity (m®) ~ p % Pressure (N/m®) ~ n % Gas moles (mol) » & - + & /& ~ #:4%
WHEATEFHRZERRET > pon s Ft RS (213) hf L RY £ 57 a\ﬂz %ﬂgsﬂ—
et s WHF R E B o

X-ray Porosimetry i * #-] ;& (& 1000 sccm) MFC £ 48 % %% (£ 02 400 C e #uzd
oo fﬁ; FTAH) = Alignment procedure {5 > i H A T F A ] 3% ~5%)
FRBTFFHMGIE ZEF2min @M F W G E R T (KEETE 0 i
Fopump O P RF R EOFF R 5 )oF %k % (Reflectivity curve) Eowid » 24 % ~ 30 %
U R W R A o vk B 0 p PRIt S (Porosity) 9% 38% ~40% 5 b EREITE
WO F RF sk o Bt R APV A5 - EF W A (Hysteresis loop, 8] 2-3) 0 4% ] B
2R AV E eItk P S AT o £ 0 FVE S F R Al AR & 12nm
(Diameter) » F]yt A 5 4% % 5 2 K34k b= & % 2 & % (Nano-size distributed pores) -

8P 250 4 & 245 Kelvin’s equation 3% (2.1.3) #7771 > i & 77 R R KA -
E‘1'7p/p ’}"fq%»:rk (2.1.4) 32 .&ﬁ’?&%““‘{w@ qff‘/n.)i—r"?']i;f{%’wiﬁﬁj
PR FRLRIIR pEFME A Hn S Fpt AR T H AR S F ot
Bl o 3 F VB enTA fe Keig S E PN IR0 R A S Bp 2 o Fp & Xeray £ F
FEWTERAG M OBRERNEERRET FF AL B Ao A K oo gt R 4 D
Fosc i end ¥ B 5 B AT Beenig B o TP RE R R T A R B ensg 1t Y B A it
(2.1.5) &= 485 (21.6) &7 0 & % - BHes > f250 o

y—vw(\/\/m) exp(( 2)x( " ) (2.1.5)

p/p, = \/7x lr{w‘/_( - VO)J (2.1.6)

v

% Molar volume (m3/mol) ~ ¥ % Surface tension (N/m) ~ R

H ¥ r % Poresize (nm)~V,
% Gas constant (N-m/mol-K) ~ T % Absolute temperature (K) ; & #7a%c> #235% (Gauss
function) 1335+ 5%t & (Curvefitting) fF e B S8cAh B4 72 P B R4&0T TR W
B A w A F R 542 (Hysteresis loop) ~ y, & & %5ckr fos s BE eniE R AR
(9lem3) ~ X, & "M F weh® F/ZF FH6 (- <~ FREZF 0 X =0) B HrS B LD
S HchoB) 2-4 #1oT e
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1.50 yo
| € > o
1] W=FWHM/V In4..-®
5 -
9 .
> 1.40- -
= !.
@ -
E 1.35 - F
N DS i A
1304 m
000 005 010 015 020 025
Vapor ratio (P/P )
xc
B 2-4 % #730lc 24U 0 SR E @ e B Sl (Wh ANy 2 X))
2 PR

FI% X SFaRat F stk Rl 5 VLR > Jhd BT Z A G R ST AR
ii.wim*ﬁ%?x;‘éwﬁmfﬁé GO EWHFERALSHRXETFIRRDOAANRET J
(217) 2 (219) #EHE > § XA i W2F 4R (L) FAA R
o L TRR A R RR R T AT ST SRR

2
n=1-8—-if=cos(6,)= 1—‘97 (2.1.7)
2 2
s=— N 2 Nt (2.1.8)
2g,m(27C) 2z
2
0, =25 = | (2.1.9)
T

HY o nEAreF o 5§ A £ % 4¢ (Dispersion) - S & it £ =% Jz (Absorption) - § #g ¥
BA ARG e g)&ﬁﬁ;, » OF A5V (8) &7 o B E At £ T (Absorption free) =0
PR aATsE A, =1 AT S S n=1-0 7 XRR R A 7 > Sk T 2k A4
RlE T & ?Ei’*“‘d (21.10) SRS EETRE R A Y » #50 (21.10) & r
(219 v EFENFER AL X L ERZ L E DB %o 4ot (2111) #77 > 5 %= B

A
= 2.1.10
y pezniZiNa (2.1.10)
0° A
= — 2.1.11
y roiNaZniZi ( )
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He o p A EWEIHAE (elemd)y i fs?’«‘i%,‘fitf B A (glem®) 0 L sk £ B ()
Na 4 Avogadrosnumber\ NZ =% h+8~AZRFFE (@) Q, = iklics 15 Xk
E(mrnsrFERFLE (M)

?;é A B R RARNT FF MV G Ao v A e 0 Fpt R ATl f25V iR
R R REE 0 Aot (215) 41T BFRS A SBAPRE (BT 5 (YeaVn) ) TE T
Bw g 4 b (R#p/p,) T ERT FogE (Toluene uptake, g/cm3) » e & Kelvin’s
equation (2.1.3) #af Rt 223l T @ < ek o F Slic (YoeoYn) S L M 6T
el s % <t & 1w (Pore size distribution) > 4] 2-5 #77 ©

Pore Size Distribution (Gauss)

—+—Adsorption
—Desorption

Population (relative unit)

Poressize (A)

Bl 2-5 3473 & <t 4~ iw B] (Pore size distribution)
=AU A A R R S &=l PR IR -

1.4 &Pk Suig =)
XSRIVHF SR M X SFAF SR FEP] A2 3 TR DEL > Hpejs
4ol 2-6 AT c R RIR B F S F @ r X SPALKF SR ER R A S & F MO ks
FHEE S NERREF 2 IVHENTPE P D R IRIR o X BFAL K SR B R Pk Sz i m
TRRIE > & BINE AT Slunits e d RERE o X S F SR £ 2 3 U E P

NIST SRM1990 Ruby sample z_ & P % % X @7 f2 T & 3% [2-5] o
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SI umit SI umit

BEO EE am)
A h,

BEiRER AEREER o,y 1
(8) NIST SRM 1990 () ro=—

xR “RT In(P/P,)
XAREE: ai atio
- EEREE SN equation

3 E.: pore size . T8 A,
¥y (g/cm?) V,: molar volume AN, nZ

3 - - ¥ surfuce tension
0., =28 >0, « \P.|| BP,: vapor ratio

R . w, A, v,: Gauss function parameters
SiOCH gﬂﬁﬁﬁﬁﬁ )= (Sne]l s law ) Mmsuu%ed by XRR: Bragg’s law
EBILERT 20m (1) y: film density (g/em?)

& incident angle af brightest or darkest fringes (7)
A: X-ray wavelength (nm)

B 2-6 0 X SF4R3TCFE K SR B PIE LT % <1 203 R R
(=) * ETATR
2. P FE TR A FT ARG
2.1 = P #cE il

AXBRIGHE M RER AR LB RR S RAT A LT

. AV 1
* —RT In(P/PR)

(2.2.1)

A A ot - 3
EhE WL+ %A

ek d S XS F SRR R I P SR
WS EETE R R > FREREA T e 3SR At AT AT

2 W\/;
w 2
A

/p, = |—In
P/, >

=k

(Y=Y, (2.2.2)

_ w0 A (2.2.3)
rAN, nZ

TRERERY FIEAFRFL TSP EAd, - d WEAFMEFALLEPE S >
Ad, 2 HHEEZ 0 &FHEF A EFIHR T ERIS S dp2 B8 > i&‘»‘{iﬁﬂAdr
L0c e F AL ERBRS RN 0 L0 AT FE S S 2 A AR
BB B EpS AN (211 Bt (224) g A E PR E A RIALEER Sl
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=l L Ad, (2.2.4)
—RT In(P/P)

ARERS AR 224) FEA B RS 222) 2 (223) ﬁfr%ﬁﬂﬁﬁi;‘ﬁﬂ
Z}Q'J:é’#‘é/l 0~ plp, % Ad v B R ER S AR o ,;%E;]x I w (lSO) B 1T
17 ISO/IEC Guide 98-3:2008 » = & & 2 AT & u (r,) ¥ d 3% (2.25) 7

u(r,) = Z(%)Zu%xo

( ) (ﬂ)+( ) 2(6) (2.2.5)
( c )2u2( 2,.2
o P P
Po
49,
or, oy apl)o or,
—/; = (8_/1) X (WO) X (8—6) (2.2.6)
Po
or. oy app or
—== (8_) X (WO) X (—i) (2.2.7)
P,
o, _ 2vyy (m(ﬂnz L (2.2.8)
P RT{ (p)) |P B
e ",
or,
oad =1 (2.2.9)

V(225) ¢ ou(r) FAtiEAcp (r) 2 s T R OU(l) A XS E (4)
2ZHEEAFTR O UD) L ERE LR () 2 HBETFETR U(p/p,) S A 8B (plp,)
ZEEA TR OUAD) A EAFMFLBT B2 BT TR (226) 250 (229) 3

il Sdrt SRR Ol R RN ¥ R A R KR 2
F &S
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2.2 £ 38 & FA 45

Bdpl & BRAAT AR ol 23 BN R R R AT X SHAUL R S SRR A R 2
FRVHESIRPFERZEEFI HY ERL LR ARTA KRR ER LR
ZHRALFLEREGRBLR P FRESABETEIDEPTER AP TR
EoAE R RN AR AR A2 N EAFEFRE KRR SMARFLT R P
TR o X BRAIVHF SFERTREP AR FFETAE LR FE M- - ArdoT o

221 XetsmpE (1) 2 E%2 e o U(A)

X btap £ B s d dpde s [2-6] 0 s i £ A F AR 2-7 0 K HHcIm s = % chid
£ % 0.1541nme 2t i gEd £ ip) NIST SRM 1990 # 5] K, e i & & =% 4ol 28> § %2 £
Pl S 4rd 22 o NISTHH R 2B & R 2B v die KT XEHRAL L PR - Bt
A2t A (2.2.10)

ﬂ’CMS _ COS(HCMS) (2210)

X“NIST cos (eN IST)

v

d R p R @A Pk £ 5 01537 nm > 4o NIST 7K & £ &

-4
AA1=0.000372 nm, g 5250 F > 22 R u(d) & %zz.wxm“ nm e

§ORRS AN (223) HHEEET R AU E Gacihdicod X (223) HAE R

2
P %:— 7;9&2 ZnA; » % x» 1=1537x10"cm ~ 9=1.2° ~ r, =2.82x10"°m %
r-o a i=i

N, =6.02x10% » p] % L 6570g/lem® s £ d 5 (2.22) #Y W R B A

p | 7
0’7(7) 2 W, [—
P 1w V2 (y-v.) L e ¥ o4 pF (Toluene
& 2\2 A MENVES

7L

uptakemax) % & Hckr foes it pE e & 0 A 5 5y =145 glem’ 2y, =152 glem’ ¢ F #5 4 fi
¥ #cw=0.17 ~ A=-0.05(d # %@ rifid & -2 (Hysteresis loop) ) 22 x,=0(+ 5 £ T >

a2
VERBA T hT E) % F AR 60) BP0 5 078 om¥gs Bors A B B RIS 4250 (2.2.4)

-2
SRR BB s e - Zéf[ln(pﬁn |c>1 SRR SO b+
p 0
é’(p] Ao
p_

Toluene uptakemax) &g f H)2 H s g ¥ &> 2 B 5 —=011(F*%? Fsqi
oF o it

B4 pF) ~ Vm= 1065x107 m3ymole (v ¥ # %% 5 Molar volume) ~ 7'=0.0284 N/m (¥ %3
A er1 Surface tension) ~ R=-8.314 J/(mole - K) (Gas constant) ~ T= 296 K (Absolute
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7

temperature) > B & 4.59x10" ¢m . L = T ek AR

Po
G A A 535,10 5 st @I Factalics 2.35x107° © A2 A FEE
Ao P
P,
BEP e NIST K £z £8 > B3 84p3matts 10% . RIF @ a4 Bv(2) 5

o>
P,

50 -

AMA(=0.0002 nm)

Intensity (counts)

1
0.1540 0.1545

0.1530 0.1535
Wawve length (nm)

F] 2-7 X S S04 38 A 4

Peak Position: 25/"?83

!
R Y o A
\Wﬁ)\ W”-M'VMWW il MVM‘OJ'\‘OWNW‘AW\W%M (\' W’V\,\NI‘M“,
A
it Aty ‘\W i

2Theta (%)
Bl 2-8 NIST SRM 1990 & ip| & %
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122 K e 4B =% 7 R
P ¥ | 07-11-29 | 07-11-30-1 | 07-11-30-2 | 07-11-30-3 | 07-12-4
1 | 257983 | 25.8383 | 25.7683 | 25.7583 | 25.7683

2 25.7983 | 25.8583 25.7783 25.7683 | 25.7783

3 25.7983 | 25.8683 25.7683 25.7583 | 25.7783 | Average(®) | Std(°)

T 358 (%] 25.7983 | 25.8550 25.7716 25.7616 | 25.7750 | 25.8550 |0.03752

% 2 (°)| 0.0000 0.01528 0.0058 0.0058 0.0058

222 SEHPERER (9) 2HREF LA 0 u(9)

Stk AR () 22 RETARGRERIER AR ALFER (@) HHREE
B (20) $5t% 2 (0) 2B AR UOG)T 4 UB) = U (@) +UZ(26,) 3+ 5 @

dr 5
=

() ®*A2FLiR (0) 2HFFFAILA > U(0)

BALFEERD (o) P EETAE > Ed L BEPREEL T £2 %5
10207C00876 - 13441 A Fe B il ¢ < & BRAT T 3 #74 (7 chipl 3247 £ 10207C00876 » @ 1§
BIFF L2 FAERR S 0.0009° 0 HimE F]F 5 2000 pd A5 60 4 0 u(w)=0.00045° -

(i) dpBLERE (20,) 2H%E72 IR > u20,)

BREBARKE (20,) O /TR > d A RPERIEL D F o L BT
10207C00876 - 13351 A BBl ¢ & BRAT T 3 974 (7 cipli#4R £ 10207C00876 » 20, ¢
BRI A FEE R 5 0.0005° #imF F1F 5 2000 p 4 B 5 600 #7120 u(26,)=0.00025° -

B ek & R (9)2 B8 FE R UO)
u*(0) _
ut(@) u'(26)

v(w) v(20,)

B —
N U

= Ju?(@)+U?(26,) =0.000515° - fi d B 3 v(0) =

d BB AN (14) HHEE I RIAUG) PR ACAE - d & (223) HERPEE

V' %z— 2Nﬂ19/1 z AIZ » 8 x 1=1537x10% cm -~ @ =1.2° - r, =2.82x10"° m %
ro a ni i

N, =6.02x10% » A % 55.91x10%g/(°-cm3) 5 £ d & (2.2.2) ¥y FuR B s B A
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p _%

O 4] 1

—0 == [T In—=4(y-vy,) v R EET e &+ pF o (Toluene
& 2\ 2 A (Y—Y,)

uptakemax) % 4 fosxiipFcni & 0 4 ] 5 y=1.45g/lem® % y, =152 glom® & B #74 ¥ e
w=0.17 ~ A=-0.05 (¢ # ®=x & 3 ;-2 (Hysteresis loop) )& x, =0 (- ~ # BE R T » 92

o>
R F % ch? ¥/ 5 5 M o)) o Bl Tp 5078cmilg; Bt A B BpS RN (2.2.4)

-2
L VT T P YL ng(m(i]} e v s
p
0"’ L
)

(Toluene uptakemax) ¥t/ 4 6% H 2 5 4 ¥ #ic> & %] 5 P on (e Feogd

0

B4 )~ v = 1.065x10™ m*mole (7 % # % <5 Molar volume) ~ »=0.0284 N/m (" ¥i3
A e0 Surface tension) ~ R=-8.314 J/(mole - K) (Gas constant) ~ T= 296 K (Absolute

a-C
1:]
Po
p
5 o2 )X o a
@ @ o2

0

% 459x1077cm o 548 = 3E pes ARl

temperature) - B

=2.12x107°cm/°=0.0212 nm/°® » 8 | % &7 (48 52 0.0212 nm/° -

2235 & o) (P/Po) 243 gz » U(P/Po)

HFFFM a2 me A Ed BRFENMEFRIFLH T 2 %Y F130194
% F1301945 (& & F Bon B 34) o L EHh B RITRE S - R F BN o Tt o~ F R
PlEHER T AE S - TP A & FPD AN (224) HIEWED R R R KA

-~

-2
2 :
2L = VW’(u{ﬂ] L Ao dEE T e & 5 pF (Toluene uptakemax)

RT
Po
Boehf At 6% 2 FAE o A u] 5 =001 (T T bt B s v, =

o]

1.065x10* m%mole (" % # % ¢» Molar volume) ~ y=0.0284 N/m (® 7 #| & Surface

tension) ~ R=-8.314 J/(mole - K) (Gas constant) ~ T= 296 K (Absolute temperature) > £ (5; )
P/ P,
5 4.5866x107" cm > At ik 5 4.5866 nm o 1995 B 7B E TR P % 3 4 7R

66



% 4 F130194 2 F130195 - & Ein 5 10 cm¥min 2 T ch@ I~ 2 FEZ AR 5 5.7 %ir
58% > FpFid » g PR BE58%iE L EH L AT AE HREFTFF 5198 pd B
5 120 - #tr2 > u(p/p,)=0.029 -

22AEAF M ERIFLB L E (Ad,) 2HFEF TR > u(Ad,)

FUMECRE RIS R SRR I TR 0 P IR R Y
MSED/PM-1/2200A i€ 0 %3] # #8 &rfosrit (X 24 %) ™ » A Bl a7 b f 8 67
AVWTHFEEE AR A 0 BFE T3 258 (Gauss function) HHEA 1T o &R
FoA3AEREFAEFLIXEZR NI XERBFLTHEFIRESS LN
102 8p > £3 30 BEPIHEIE - 1 SEHES (ANOVA) 27 o@@ep 82 5

'f]'* F¥ziem el T d 3 ip% ok #lﬁ%@ﬂ}%*%i— Ti‘&;]"*%l”g}i’ 5
;\AO

&

2 2
F =S _3x(0068mm)” _, 50 _q., _20
S (0.0949 nm)

P

F=156 < F,.(920)=239

F it ANOVA A7z Fle e s fgr o §HF-RES 005 P 2R 222 HF >
%7 & BRI ETERFALR RS REFIr£ 23 d w2 THET k¥ AL
2 ww At St E g 30 BERRE LS 0 MU EEL R E EAF IR
B EONERAFET R o F|E AL EE GBI ERZ THE £ EERE A FETAE
5U(d,) =5, /+/3=0.103/+/3=0.0595 nm s d >t L5 hd 30 BHFEE @D
rEEIETR2ZpD RE 290

Fo2-3 ICHEEZRS T ¥R Rt S EAMERES

oo - X ENY %= =X I iaE = F
(nm) (nm) (nm) (nm) (nm)
1st 1.1 1.0 1.2 1.1 0.10
2nd 1.3 1.3 1.2 1.3 0.06
3rd 1.2 1.0 1.2 1.1 0.12
4th 1.3 14 1.2 1.3 0.10
5th 1.1 1.2 1.3 1.2 0.10
6th 1.1 1.1 1.3 1.2 0.12
7th 1.1 1.2 1.1 1.1 0.06
8th 1.2 1.1 1.1 1.1 0.06
9th 1.0 1.1 1.2 1.1 0.10
10th 1.2 1.0 1.2 1.1 0.12
=) 1.2nm
* e iy 2 AR £ stotal 0.10 nm
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pTioE2 RL s, 0.07 nm
EERAMEEZ > sp 0.09 nm
ANOVA 4~ 452 F @& - F 1.56
ANOVA #3472 F 52 & (¥ k% 5 0.05) Ferit 239
ANOVA %~ 47 (Bg%-k# % 005) 2 P &> P-value 0.19
F < Fcrit ; P-value >0.05 - % % % k& % 0.05 pF >

P2 RRTHOET AN FLR

PRABARE

4 -
% 77

KRN

Plergk w

AR (|SO) # 17 e ISO/IEC 98-3: 2008 »
.s&@*%‘—?ﬂ FETR 47 &

0’ () =Z(%)2u2<xi>

( )2 2(/1)+( )ZUZ(Q)
c )22 p 2.2
(6p) (O) (GAd)u(Ad)
Po
kS VI L ST I .

v

1 e SR TR

7 2L &
ES- N

+

TR BRI

ez B g

(2.2.11)

PRI FREF AR FACOEE p I RE R0 24
o #H ¥ 512 2=01537 nm % 9 =12°%k iz & -

U.(r,)=0.1332nm > % 2-4 % %P3 =5 sciz#ictkT 0 u (r,) =0.14nm o
£ 2-4 TV ERRE PSS ZERIARETIAASFE
: o 7r~‘7 7\ JE s = s >
3 R R ;i”’ o o 4 *%)f“ RICE | RS |
& ' # (type) : = | i | - u(xi) B
u(xi) '
L 3.72x107*| *EF
X i 48 £ (1) x ’ 2.15x10*Nnm| 2.35x10°° 5.1x10°°nm 50
nm (type B)
) ¥ i )
etk & B (0) 0.000515° | 0.0212 nm/°| 1.1x10”°pm 93
(type B)
HALFLER ¥ 50
(o) " | (type B) | 0.00045°
WREER(20) | Vi 60
(type B) | 0.00025°
. . ¥R
F 8 sl(p/p,) 0.029 4.5866 nm 0.1330 nm 120
(type B)
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A7 2 RI(Ad,) ' 0.00595 nm 1 0.00595 nm 29
(type B)

PERET TR 0.14 nm

YR 120

i E TS 1.98

B FERR 0.28 nm
i % ISO/IEC 98-3:2008 > Flie & 4 FE X AABT W H G > T Fokp d A2EF A o AT
o m E F PR =2 g 95 %0 dp ok > 2 B p R 2 AR R 9 0.310m -

243 LA FE TR

R F R R ¥ v 3 rr & (Expanded uncertainty, U) = 58 & 7 » H & 40T 47

U =kxu, (2.2.12)

Ho kﬁ;é;‘é&:‘ffﬂ—? (Coverage factor) > d G g k¥ 2 2 SR EF rE R 2 F »cp d
Bl et B A R AR 2 pd R &~ Welch-Satterthwaite 2> 3% 3-8 (7505 »cp d
BoakEvd tAfsal  PFSEEY 2ER5%2 Sf-kE  Fhpid A 74
2ERMEFFFK B LB AT RAPR  FEHB LI LETAE U

1995 Welch-Satterthwatte 2> 3% » 4 »cp o & 5

4
Vert S Y. (4y) (2.2.13)
Zn:ui (y)
i1V
gt 4o 1t ﬁa_r*); »cpd B ¥
4
Vet = 3 0.1332 =120 (2.2.14)
(5.1x107%)* N (1.1x107%)* N 0.1330* , 0.00595
50 93 120 29

@
) <
-
(o)
oo

B REL 5% jrxpd RS 120 SAtARABEEREFF K
Flpt o e r TR U G oo

U=kxu, =1.98x0.14=0.28 nm

%5 ISO/IEC 98-3:2008 » Flie &R 2 fE T R ARIT> ¥ Ak » £ 3 2xpd R2EF < o
BFAEF i EEFFEBKk=2 ARG B %G ag ok s I EF LA e R 7 0.3
nm e iz & REEEpa 4 o #F3V S A E S 2nm 2 SIOCH 3¢ i iR 5 > 8
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PGO5 ) ) ) ) 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
PGO7 ISO TR 13121 Nanomaterial Risk Evaluation Published
TS 12901-2 Nanotechnologies - Occupational risk management applied Und
nder
PG08 to engineered nanomaterials -- Part 2: Use of the control banding
development
approach
TR 13329 Nanomaterials -- Preparation of Material Safety Data Sheet
PG09 Published

(MSDS)
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Vo “H * i
TS 14101 Surface characterization of gold nanoparticles for )
PG10 ) . o ) Published
nanomaterial specific toxicity screening: FT-IR method
PG11 TR 16197 Nanotechnologies - Guidance on toxicological screening Under
methods for manufactured nanomaterials development
PG TR 16196 Nanotechnologies - Guidance on sample preparation Under
methods and dosimetry considerations for manufactured nanomaterials development
PG13 TS 16550 Nanoparticles - Determination of muramic acid as a Under
biomarker for silver nanoparticles activity development
oG4 CEN ISO/TS 13830 Guidance on the labeling of manufactured Under
nano-objects and products containing manufactured nano-objects development
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
5G19 TR 19057 The use and suitability of In Vitro Tests and Methodologies Under

to assess Nanomaterial Biodurability

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

Cn - 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 Published

powder form -- Characteristics and measurements
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#.3-5: IEC TC 1131 {7 2 3(WG3) & %

3+ LA i

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 10D
for nano-enabled electrotechnical products

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

c IEC/TS 80004-9 Ed. 1.0 Nanotechnologies - Vocabulary - Part 9: 1cD
Nano-enabledelectrotechnical products and systems

6 ISO/TS 80004-2 Ed. 1.0 Nanotechnologies - VVocabulary - Part 2: 10D
Nano-objects - Nanoparticle, nanofibre and nanoplate

; IEC/IEEE 62659 Ed. 1.0 Nanomanufacturing - Large scale 2CD
manufacturing for nanoelectronics
IEC 62607-3-1 Ed. 1.0 Nanomanufacturing - Key control

8 characteristics - Part 3-1:Luminescent nanoparticles - Quantum ADIS
efficiency
IEC/TS 62607-4-1 Ed. 2.0 Nanomanufacturing - Key control

9 characteristics - Part 4-1 Nano-enabled electrical energy storage - 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
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3 LA i
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
» PNWI/TS 113-172 Ed. 1.0 ISO/TS 80004-12: Nanotechnologies - W
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 PWI

control characteristics - Part 6-3: Graphene - Evaluation of the
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defect level in the graphene layer

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

of tandem cells

PWI 113-79 Ed. 1.0 IEC 62607-4-4: Nanomanufacturing - Key
24 control characteristics - Part 4-4: Nano-enabled electrical energy oW
storage - Thermal 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

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

28 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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NCTU fPR5EHE (10%~40%) {MSQ/PS-new: 10 wt% *1, 20 wt% *3, 30 wt% *1, 40 wt%

*2 (Measurement done) ;

spin rate [thickness| n value | porosity |poro size(nm)| density(g/cm3) | k value
10wt% [1000rpm [137.7nm 1.18 15.6 9.51 1.65 2.57
20wt% [1000rpm |125.6nm 1.49 27.8 9.56 1.42 2.36
30wt% [1000rpm |124.8nm 1.55 33.4 9.75 1.3 2.25
40wt% |1000rpm [137.8nm 1.41 45.3 10.23 1.07 2.12
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