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The main objectives of this project are to establish the highest level
national measurement standards with metrological traceability for
chemicals used in high-technology and traditional industries, to ensure
the accuracy of measurement results, to achieve international
recognition of our metrology competence, and to help implement
government policies for sustainable development in society,
environment, and economy. The major tasks accomplished in FY 102
are:
(1) Development of standard metrological techniques for purity
analysis of manufacturing gases, including on-line vacuum
cleaning and sampling, and analytical protocols with FTIR ,
GC-DID and QMS. The method developed combined with
FTIR and QMS can be used to conduct measurement of
impurities (CO, CO2, CH4, N2, Oz etc.) at ca. 1 ppm level.
The method developed with GC-DID can be used to conduct
impurity measurement at sub ppm level (O2, N2, Ar and Kr).
(2) Preparation of CRMs of control gases in




industry. According to 1ISO Guide 34: 2009 and 1SO 6142:
2001, the prepared gas mixture CRMs include 1-100
pumol/mol CO/N2, 100-2000 pmol/mol CO2/N2, and 1-10
pumol/mol O2/N2. Meanwhile, measuring techniques
combined with NDIR and gas diluterhas been set up for
multicomponent concentration certification such as
(CO+CO2+C3Hg) in N2, SOz in N2, and NO in Na.

(3) Establishment of metrology standards of control gases
related to civil safety, including set-up of zero-order air
supply system, design of dynamic gas mixture preparation
system, and development of techniques for analysis of
alcohols in gases. A program-controllable gas diluter
apparatus comprising of standard gas cylinders and mass
flow controllers has been set up. With the input of target
concentration and parent gas concentration, the target gas
mixture can be produced steadily on-line to execute
calibration of detectors or analyzers. Ethanol in dry air in
varied concentration (0.15 mg/L to 1.15 mg/L at 34 °C and
1.013 bars) can be dynamically produced using the
customized gas dilution device.

(4) Study on metrology for organic compounds. Based on the
standard methods described in 1SO 22032: 2006, CNS15050
and NIEA T506.30B, an analytical protocol for
polybrominated diphenyl ethers has been established. The
linear range of Decabromodiphenyl ether in toluene
determined by ID-GC/MS is ranging from 0.5 to 50 pg/mL
and the detection limit of proposed method is 0.2 pg/mL.
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Calibration and Measurement Capabilities

Amount of substance, Gases, Chinese TAIPEI, CMS (Center for Measurement Standards)

Note: In the case where an uncertainty range is given, the expanded uncertainty range spans from the smallest numerical value <] ‘KCDB
of the uncertainty to the largest numerical value of the uncertainty found within the quantity range -

The expanded uncertainties correspond to k = 2 (level of confidence 95%)

Measurand Dissemination Range of Range of Expanded ValaJ:ag:i: Re:;mns:a Range of Expanded Uncertainties for
Measurement Capability| Uncertainties as Disseminated Certified Value R
NMI Measurement —— Material n(s) for
Service | Service Sub- | Matrix expand Is the Measurement [ Comments
Identifier | Category Analyte or Quantity From | To unit | From | To | unit | ed | From | To | unit | From [ To | uni | expanded | Service Delivery
Component \mcerla uncertainty a
s relative one?
. ’ carbon Amount-of- mmol/m mmolim CMs- Approved
CRM-C001 | Environmental | nitrogen monoxide substance 1 100 ol 0.5 1 % Yes 1 100 ol 0.5 1 % Yes CRM/Calibration |on 12 March
fraction service 2013
carbon Amount-of- mmol/m! mmol/m! CMS- Approved
CRM-CO003 | Environmental | nitrogen dioxide substance 1 160 ol 0.5 1 % Yes 1 160 ol 03 1 % Yes CRM/Calibration |on 12 March
fraction service 2013
Amount-of- mmolim mmolim CMS- Approved
CRM-CO006 | Environmental | nitrogen propane substance 1 50 ol 05 1 % Yes 1 50 ol 05 1 % Yes CRM/Calibration |on 12 March
fraction service 2013
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o pb S B “f 9 fv 14 82§ ¢ |SO Guide 34: 2009 & ISO Guide 35:
2006 z e B R irm 2y BEFEREGHFESRE - ER

HATHIFETRITFE N2 EEER AT G s F A
ERAATFFERRE T BFPTRR R 222> T 45
BEFL RO
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2. FREHETFT I

(1) 3424 HR%EE L AL LS 2207 =& f » % 9/11-13

2)

©)

ez T11" APMP/TCQM GAWG Workshop | (34 (73R £ it +
) oM E A AR LA FF 912 2 i 48 T Trace
Analysis | » #3333 A Rk 18 L 0 3 9/12 2 Hopva 52 T Legal
Metrology ; > # 4 Workshop £ ¢ % p 5 @ B 7+ % > 30 Af & &
FALFENFH 22 £V BREARTGE o AFER IR
B R e AT RS B s gk nenT o L @t
€*ﬁﬁ&i‘ﬁhﬁﬁmﬂ€ﬁﬁ%§ﬂﬁ’im e 4
RF HMEREE s FRERTERF Y HAFRRZ ATEL X
5 Rz FEHITE o

ER]

RS EL R EmEL By R HoRkgalAm g B F 5t
%2 F > 9/11-14 %+ 11" APMP/TCQM GAWG Workshop |, » % %
CRaf ¥ R A 47 ~ 2 F LR} 2 %8 5 WREARR ~ Xenon § 1
MRS FTIR B 4% QMS A 45 st 3 2 SRl ¥ * 2 WAz f
@@ﬁ@@gﬁg4g%¢,%%mﬂépﬁﬁ%’jﬁﬁg%ﬁ&
PR B RFE R RV R ML R E R 2L PR R
NANEBE 222 o

#ip A NMU B AR F 5% % % 2 = Dr. Hisashi Abe % [ i 7 fic® -k §
A2 PEs RS 2 S4pH T2 A4 % - Dr. Abe &

T NMU 4rimzz ¥ },%z‘?&uj\'fp’i;}l:‘)ié_i AL B HORFRER A A EAR
BL R FEE mE s AR )@—’**/%'&J\:ﬁ)afié.i}.&i?%ﬁ
&7 RRGE R M2 B (FEREHRLZ) 0 B
g\ > +45t%k (FTIR > CRDS > TDLAS) 2 ¢b » H & 45 ik % Fu?s%%“
BARAAT U2 ERRMRFESL 0 K7 RAE 2 ¥ F
B3 5P 0 L0 HLBRF iR @i FH 0 NMI) 7 g

{2 Ak FRRAL A NPk FHREZ gRT e B - B FHRE
By oDr. Abe $ 3 p £ gsk o Bt NMI fp & 4o #k § 3 i
ERGET - LPEFHRT > T E- *5 /E'J?éﬁ?%if‘?ﬂéa\@?‘sﬁ
*okg A4k (F & 575 300~500 i TR oA ERAR
e B B ORIRRE -

=
s’x"“
%\\
qs
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L % RE H

e 2 e 78

VAR FE PR RS T B A BRI e o 1
?:F’ g/i}ifi*ﬁ/?] = V'J }g]" S A~ FE }i)"'%'%ﬁ,fﬂ Ex) - /?f' 1__?!: #ﬁiﬁir‘%?ﬁlé
BT A pTA P pFRAEE K2 g w] (hmdtp B PTL Hpdn g E

VR
|
—

=

2
N
-nn\«
\“‘b
=1ra

WA kWP i AL AT -g\——t—)

HEEE 2. A AR BiLEE
1. Eass
[ T3 3038 3. FEmAm
fﬁ S HHz s

A i#%,«k
: Akna

BRRE X

csus%ank 4 .
ERTREHE - i, o
Pl sy G
y, 6 siar | BIRERE
‘Eg_?iﬁg? [? CEMS # g sk 8t & v] - EHLH
B (RA2H)

W- AP FERERE LAEW
FHTEFEZAET A HBRAER 2 FRFRI FIFBEHEH
HEE R s PR S om0 4 R UATA RS RE
pE

R

fa &
kB

( for EHS )
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RFAEF TR F P EP o HrR g 5

1) F W& R g P

2) ¥R & F M2 A pe W B

3) M PARMIR & F AT g o
T A A PR T A E R 2 HES R P o S k2 A
Er mp o U HpF B2 AKEY o

FUAEY THEAFMERT R AN (B2 ) AT R

Fenfl# 1 ¥R pFERRP o

T EHER AR
(o wuman “‘{/He\ (EHRE) (o —sifes - —fufes )
/N, /CF,/O,.. -
N ® f5itd (NO/NO,) ® %R (0)
M e ® EHMA #4 (VOCs)
© HAKM S AM AL R
(H,/CO /SO, /HCl/ ® JE i 4 4 (VOCs) ® oL
NH, /F,/Cl,) ® &iEiss (HCI/NH,) ® %@l (HCHO)
\___ \_

TERAR RAEZSEH AR
(é%l?ii% (RFEEE)

F SR &

FY102 ¥ § B R e g BinE 705 ¢ 7 25 £l
BoAEaO AL E 5 N2~02~CO~CO2~CHa~ 2 Bk » 2346
HERF S B8 B2 B AP E Y e RERIT g
hR A AT A AT > R R K F BRI R FURMRE A 4T
ZR A BT R AT L SRR o R F ARG LR 2 A
ERHAE F AR K AT e R 4T R (GC-DID) £ 2 7 e 3 3
B (e FF 0 FF 0 EF) BRI DREEF LN AERY S
g yeeh % 11 B APMP/TCQM GAWG Workshop -

— FTIR = h e 3 & 47 Hojis

d 3> CO:COy &= CH4§E#§'7}§_,§L Btk ke ol > ¥ % Bl A A
?%’?ﬁ%g 1;\.;T7FJ0CA>]{AJ-#§,V|_&?N2;{ He > 1:;‘] FTIR“J_,’]‘%
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AT HRE & BT R < Z 2 CO> COz ¢ CHa ¥ 4~ 2 fik
470 FIM A B EIR R ARSI FI* FTIR o oh k3~ 47 5 e p o
BorRELE a4t ki (Rl )

background/gas cell clean gas sample gas
Q | (®
MKS FT-IR
purge gas
purge
-
N; (BIP) IEl El reference standard gas/analysis gas

|

o

% : three-way valve

e} Pump
[% : ball valve

Vent (P) : pressure gauge

We © @2 oL R4 3T LW

FB

AFEG ARV ERRE(23£2)CE (50 + 10) % #4129 %
FIF o frd FT-IR & 518 > 4v » % iy 3? % F45 % (Mercury Cadmium
Telluride, MCT) @RI BE I 1 (T & > TEFEPUE Tt LRk -
BRI B F BRI e

BECE 4 32 2 o REAFERIEDNFRel n T B3
® 5% 1 L/min- B i 5 % (Purge Gas) &3 R &3k = FT-IR 2
Spectrometer purge flow £ Optics Purge Flow % 1~2 L/min - fx# FT-IR
2 4 PR ERIE k4 (Single Beam) SEG# 22 L G {7 R RIS
W32 TRLRELIT - Y B2 E e RFREFHEF W2
BRAATINA o ATEARTIF 2 FER2ZEER (CO~CO2%2 CHs)
EERERE D -

ﬂﬁﬁ@?ﬁwﬁ?LJd TE 5 RS Bl W RE

BERNEY BB LR B (T2 0 (S FTIR chid pls

ETTES

@ii?
((2xF Basiz prdoip B)/(GUeise BAREER)) /LT E]
©CO L]0 gt ke CO A e B RlET S

[(0.0005%2) / (0.035 /50 ppm - m)] /1.00 m = 1.43 ppm
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Pk ALY COp A 472 BB T CHy » 4520 i BRI W] 5 ¢
CO, : [(0.0008x2)/(0.235/70.56 ppm - m)] /5.6 m = 86 ppb
CH. : [(0.0013x2)/(0.050 / 50 ppm - m)] / 1.0 m = 2.6 ppm

0.6000 -~ y =-2.09E-07%2+ 6.89E-04x + 1.45E-02
R?=9.99E-01

0.5000 H

0.4000 -

0.3000 -

Absorbance

0.2000

0.1000

0.0000 T T )
0 500 1000 1500

Concentration, ppm

Wi :CO®Esm (FTIRXEL 1.O0m > v 2§ #H 3% 50-1200 ppm)

2.5000 -
y =-0.00002 x* + 0.01355 x + 0.08510
R?=0.99961
2.0000 -
8 15000 -
c
o
=1
2
2  1.0000 -
2
=
0.5000 -
0.0000 T T T T T ]
0.0 50.0 100.0 150.0 200.0 250.0 300.0

Concentration, ppm

W+ :CO ¥4 (FTIR%EL 56m> v 2 F#H 3 13-270 ppm)

12000 1y = 0.0000001 2 + 0.0009460 x + 0.0055120

R?=0.9999913
1.0000 +

0.8000 -

0.6000 -

Absorbance

0.4000 -

0.2000 -

0.0000 \ T 1
0 500 1000 1500

Concentration, ppm
W= :CH. g% (FTIR%/EE 1.0m > 7 £ # M 5 50-1200 ppm)

AR R R A -



R R (QMS)

DN F ez A e RR TR A% ST R Bk Wi
WS R FHEDZTFATTERTHF L EF o Flet > N2~ O2~ Ar
ZALEFIHRATLZLE LA N2 O Aro = faa o
ool A+ F R 3 B kmje i e 2 1 FTIR B 7 2.8
At e - B I F AP K AT RBE A T E R LR RETTR § B
Wipl® (PDHID) i {7 A 47 o

Ra oo R FEEL RS > b A AR R Y g8
FAERER A AL R NES LSRR AL REBBLEF R ITIN
st f8 (Eluent) enif &L (b4 @ O2 B §F A FH R A 7P > O
A e MR N2 R iRl ) P - F AR AT R 243
FE T miE g a0 Ara b s de Flitig s 08 Ar 28 1
F]ERL o

g T AR AT A AT R SRR o Bt RS
*e i R (QMS) TR PR S L i 4 0 H i Y
No~O2~Ar 2 Kr 272 %4 » 12 % - B E3E T 824738 T8
PTE AR 2 F RS R R o

P el TR E 2 R E S N 2 B¢ ki
EREE 2 P EL (N=5) 3 BRELI/HBER2Z AFnH£ER
S g B2 b fE2 2 PR U & - T

0.006 - y =9.77E-06x + 1.45E-04
R? = 1.00E+00
0.005 -

0.004 -+

0.003 +

Intensity

0.002 H

0.001 +

O T T T T T T 1
0 100 200 300 400 500 600

Concentration, ppm

W~ :E* QMS22 22 Nog &R (ML H 5 10-500 ppm)
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4 - :FTIR~ QMS g GC-DID Bl 21 § ¢ #cE 3 3% 2 2 i3 §plE"
3 s £ Bl D e T (eem)
FEPE P %
co FTIR 1.0 0.2
CO2 FTIR 1.0 0.1
CHa FTIR 1.0 0.3
N2 QMS 10.0 14
o QMS 10.0 2.0
Ar QMS 26
Kr QMS 3.6
Hz QMS A ¥ IRF% 16
N2 GC-DID P 0.08
0 GC-DID I 0.10
Ar GC-DID 0.11
Kr GC-DID 0.03
@19 henf s fl? GC-DID & = Ar 4484 45 32 FE 25 &
WRMRIUEE > POREFER Y A AR R RRDSF T RS KR G

X
7+

HFHEpPRPSFHFhpURss® (GERASS 5 20250 72 500
ppm) ;s kiR A FWRRF %R E VSL v a gy R E F 1 Gk
B 5 10 ppm) o fadrHmE 2 gAY 0 AT RRETA AT B RIA S
THREDERpIVH SEFR FUEMED VSLO ST REREF
B WREFWMAEREZE  RMIERRBER S R RIET ER G4 %

T15% A A A7 B R & F WM LA E R

ELVHSET DRI AN F R R OERFEF L SR
LR - 2R R FANARIRIE I AAEE RO RES TR
LF MR, 297 { T 72 EpehERIRAS ] R B LA
FUAREFED UASOkAR O RV R- HIFMIRAAFOAH
PR AP LAFTFLAMEARRET FTHRE 7 g p
ERUY -2 R & Re el

o

i2
P
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— MR R F BRIBEATT R F SRR R R L BE Y

APGED Lk TR A E 0 REFA AT TR AR
@ﬁi%W¢$uﬁaﬁﬁmﬂ$’ﬁ%&wﬁ¢w%ﬁﬁ%$%m
T OEPTNRE S F RERS 27 f P OKF 2 omi BT o R
g SLAC Bl AT o AR TR R (23x2°C) 2 BA (5010 %)
PAZFRITEF - FHRRFD > SR I T BT AT R PR AN
¥4 (BRLZOEN)EF & FFFEST Lumol/mol - KB § # 4%
Lo BRSO 2w SR (R AT R ) o FRA
—ﬂ;twsbar Bogd i LERMF (242% F o R4 >5bar) >

Mlp g 15 a4 o Bergiin i FRE L AT R EFKF ER
ﬁﬁo

6N RA m—
e > | l B At
.
®4 @
Bk s e
Z R i 1
v v

Rl R O2

B
o

¢

B4 kR LF RS AAT LR

Bt (Samplea) $$30 BRAEH A 2 2 2 F ¢ R F SRR K 4o
BL o AR 15 A A1 BB TR R D E M PR 2 2
$?ﬂWiO%a£ﬁlommmmbad@@%ﬁ),SOAﬁwuygka
T2 S5umol/mol = % o AEBIM B B RN R S B oRF i
~ 2 Wik F /ik)i% FWTE Y B B AR AR L o
*ﬁaxqﬁﬁﬁﬂﬂe% [P FEes 0 mp T2 TR E L 44
umol/mol (n=7- B~ d = 7 #dy) » pEFHLE (RSD)
16% ¢ 2A2RIGEPFR L Z 40 /) P b RIES S B RRELT F LS
it (Samplea) 628 § 2 -k § kR A % 5 4.4 umol/mol (@)
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m_l.

m.l-_-

6000

Boiio
: {
’
5500 % =
‘E 300 P i00 50 L
o > 0 Tina, min
§ 5000
° 4
E ¢ . ;
E : .., .‘V\.. % .‘ ... L ..- .'. . X ‘-\. A .~‘.
3 4500 .. °. e & ~.o . > LR W N
c A3 .
8 R > & oY glE ¢
.\..} .
0 2500 3000
= 0 500 1000 1500 2000
Time, min

BT 2 2 % W
PREEEF LES A (samplea) BAT L KFAFEFLM

g KRS RGIAZZTF 0@

[T A o 4 %a&%wmﬂ’ﬂﬁﬁﬁﬁ

e RPkF 7R

FE’I&XPE'”"#PF % )%/ ‘//:‘}i?llﬂixlooppb

F & 2 oﬂa/,,\ﬁ, XSS LR D -

B AR end & F]R 2 - r

(nmol/mol) > % & el - #77 > A K Bt E : CF A A ot el
CERE P ANMURERE T 22 d kg A2

AhF g =

AR A LRI FEE

ESIEE R g
FRkF 3R R
.

e

] HALO 500 CRDS Gas Analyzer

V1.04.79 |

8 smiiy

Setting unal Tren Lon

Mode: MEASURY
3 5 5 8 Laser: OK
Ringdown: 0K
Alanm 1: 0K
! PPy H20 in Mo )

Alarm 2; al
‘Pmconh\g m\uduwn '

S0, 108, 9 | 9g, Lbd PRI, 82

1 \d B = & fg ’J' N 100 ppb (n
. %E*‘& ) %?"ﬁg P {9 IEJL lil& =N
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‘z&

R Rl BETR 0 U R NI T > FMER TR
AR ¢ R ERFE oW FHRYF A 4
AR K § AR &a$%k§A*i§§EW§”§ﬁﬂﬁ%?ﬁ
%”iﬁf% ZAPMELTER - PHERAULTTERY T
g%)ﬁwﬁﬁ@ﬁmg+hL’uiwéﬁﬁﬁﬁﬁﬁgiﬁmﬂﬁ
WA F 4 (matrixgas) > Flpt > FARFHMBAR ST FWMERE
BIRR B RIEFER T S M

<

2T %5

&

b

BN gl R AR R P AR R
W™ § TP 5 RRRBIP AT 0 B WA A R R SR
TR AFHMBEREFIALER (Z2 ) T N R R HL S
FRHRZERZE ALBLFLFZ o H R RARZEL KRR
o S BHF A TRESEP TR AR S

22 CERABRBEREF L2 FaF R0
¥ & ?&iﬁ%ﬁ
SOz =0.1 ppm
NOx =0.1ppm
Total hydrocarbons (THC) =0.1 ppm
CO <1 ppm
CO2 <400 ppm
H20 <5 ppm

&%:%%ﬁ’*ﬁkﬁﬁﬁﬁ@ﬂﬁﬁﬁﬂﬁ’iﬂﬁﬂ%¢
FEIRNBH A G o » FPL ERGBPFE G 0 BEpEL
- RARF RN AT B - SRBE rsﬁ@FfimJ\
FRREF HAEA T AR S RS o p A NMIJAIST
T [1-12]% kg > ok f RR M I #c ppbpF o PP B R S gk E
KF AT RO EE S L o F BEF ok 2R (B2 )
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‘§4oo
%m
i

W-Lt=- 3 BT RFAFKEERERR AT
: GAS2013: 7™ International Gas Analysis Symposium & Exhibition) (-2

hERFHEFENEF P A NMIJAIST B A& F %
Hisashi Abe (7 rBl L+ - %~ 42 1 & f’F«ﬁ) K oEFTH
F BRI L o Dr. Abe £ % NMU 4rimiE B sk § |
PR MORFRRE A2 EARFILR L FIEE W
BoRFRRAZ FARBE LR L A4 KRB LS
pEgsk Bt NMI) fp & Fdcim Bk § i R E 8 @RS - AR
%E oD RBIHRIWBHAFTSFRI ARG AR B2 A EfRAK
FOREBRER A BErr2 T3k - T - E R E Y > BRI
Dr. Abe i& (F B s 17> 2 e K F A2 Fiez e d Kk F 447k
R B A FHR (B2 ) o

4

_—

* R

4%
2U

PR

Generation chamber

(68 °C, 450 kPa) <lppb  <1ppb
\ D ppN D ppN CRDS moisture analyzer
‘ ry N, ry Nz . calibrated by primary
@ L/miny @ L/min standards of humidity
P,
| | Gyt Oy-Gyt Oy \ Reference value
MFC1 | MFG3 L/min o N
5 . g __/ = I 1 —> f compare
Pressure sensor | =* &5 @ L/min Trace moisture in N,
c o 2. \ MFC2 _ PR
P, a3, S , 10 ppb=10 ppm -
N ] Sonic nozzle | R Moisture analyzers
! 8 5= v 4 | | (at most 4)
5— PR = g% Exhaust Exhaust under performance tests
Dry N, 23 @: L/min Indication
<1 ppb

L)

2-step dilution
using 3 MFCs

Moisture generation
using a diffusion—tube method

MFC: Mass Flow Controller
PR: Pressure Regulator

LA RF AL RERF AR E AT RO
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_ F AR ¥R T 4T W plBiT (GC-DID) & Rl
%aJ@?E%QWiém%%ﬁﬁ%ﬁéii“’-&i%

AL TRGBERF R (ZHFMAT) £ N2 020 2 Kr 2578
FriE = 7 ?%ﬁ%ﬁﬁﬁﬁm Yol w oo d ST F AR K T4 T
GE XX T R THLTEFATFMES 2L T4 2 g
SRS ES S ibfﬁ%”**“ SR S s

vent vent
g ball valve \

= cross joint MFC

-

(Sﬂsccm) MFC controller
-~ o He flow (mL/min)
% o) i
D l On.nl'f© 4
é—{ ‘5 | carrier/purge gas

TS B
8

®
He (BIP)

Gas Chromatography He

Xe or reference standard gas mixtures

R Ry TSR SN |

APz 2 4 & 3t Xenon § £ 4 BN 2 B4 2 2 E A 450 Xenon
FRF AR LED fAz2 ¥ > PG NMKE ZF AR
o did A g ko T o S HOiR A 32 5 BRGTH 5  Xenon F 4E
P HO B Y e 2 kiR TR RAT BT TEA
t7 o @ Xenon F 4 ¢ N2~ O~ 2 Kr Z AR5 P B 5 40k 47
AT EEE R T R REF T E ARSI 2B ) e
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Oz N2 02 ‘I\I2

“T 1 st Injection ‘ 21 njection

WL :02°N22 Kr % 5(Balance Gas 3 He )z § 48 & +7 4 +7 W # (4 suig i ¢
Oven temperature: 50°C, Carrier gas:20 mL/min, Column: molecular sieve, 8 feets)

Xe

@4 injection

\ZOZ

Time - Minutes (span=29)

L= :Xenon F P 5 O2vNo 2 Kr 87 352 FA k747 W (b sige o
Oven temperature: 50°C, Carrier gas: 20 mL/min, Column: molecular sieve, 8 feets )

hERET M F WS R AT RATZL A N T 4 R P98~ P00 52 £
BT AR A 54 o HR A NIRRT B A5 BEHC 65 -
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R TP IR LY P
FY102 e Bend - £83 TR RFRASRRBFIF TF
Bl AERBNS R L RBEG HF(RL- 2R ~)A8xd 10
umol/mol 12 + O2/N2 %2 1-100 pmol/mol CO/N2 # 4 3 B & 45 * 23 43
P R I, gL eh 2o A 500-1000 pmol/mol CO2/N2 2 2 % 4
TR Hrss 8 i & > UF LA F DRI
“%fi W E PR N2 ks P2 A B AL GEY FHB
RAVHFEREBMBRALETnE - d R EFHE ARGF I/
BE AR EF L Xenon ¥ F #7 B4 (Impurities) &4 47 3
Foo i ¥ 4F £ FEPA Y 2012 # 472 £ 2 e 18 2 A F NIEA
RgpWLE # o vh ke A 2 A P AT R R R
kB Bkzd s 47 E0 0 2 100-2000 pmol/mol SO2 Jk & Sk 78 it o

% RAA L3

Aot

4 ERAE R

AR HAR PR RIS
v

&t e, A &
1 ] X
A A 7 2
A R e +_%_"1
i il % s
3 ki) i
3 £ M II'r 4— —:
B YR EC, U, fEH |

ﬁa}ﬁ% 5%&*&'%Canal & Uanal
(verification with GC-TCD/FID )

v I

FAILED

I
Y I
I

IC\. i Cm',m'I = Dxfu + gy,

+ PASS

1% & (stability) & 344 ¢4 (homogeneity) 3¢/ —» T & ( C..2U )

U=2%Ju, + 1, U

W= i RERY PR Ue kAR EINAET W
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CRM
Ao R Bty

\

: R it \ AR
:' AEF%k / %iéré /; HEAR /

IR S S EL IR EX S 4N )

— CO2inNeH%#E ST H#F T2 ARUGH 41 & k&R 5 500 umol/mol)

AVAARRFEEFRET R G HLE LN
# > = = 100-2000 pmol/mol 2 COz2 in N B %4 H Fape W (£ = ) »
T F AT EELS 4R (GC-TCD) /1 4ad+ 4 45 & (GC-FID)
A7 s T COz in N2 2 kB plsk s (42 ) 1200 . 100-2000
umol/mol jk & 2. CO2 in N2 %% %% 4 i & GC-FID (+ Methanizer )
irgE > z@ﬁ?;%é%ﬁ%zrl?]—'-i o el 4 A erdp ¥ A SV ﬁ?%ﬁ%?ﬁ
ERN F R TLFEEmRAz o > 77 &y 1SO 6145-7: 20090121
WL FMERG AU akAR R § (ParentGas) » & el A 4
ZFHMERST TLHARPN LR BERDTI SRIFEOLTEES
R AR f g 22 A gied & B - S L MRF %
I LR EE (T4 R > 3t FY103 ¢ ’L#ﬂ.g’fﬁ‘%% T LA RS
v N A R THMIRIS o TR BHEIRA N T AR - o

% = : (100-2000) pmol/mol 2. COinN: % 34+ kA - T4

4 9, kR BALARETR HHEHBLIELA
S B (wmol/mol) (umol/mol) (%)
FF6172 100.11 098 0.98
FF6174 300.1 — 052 0.17
FF6180 500.07 055 0.11
CAL012977 699.9 0.39 0.06
CAL013027 1000.5 2.0 0.20
FF8869 2000.07 0.75 0.04
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22 CO2in N2 A4 28K 7

;F '?.g : 55 . fé‘ ’?lj gg N e
YA @1 7 B 1 Al o kR e B 1E 2
1LiefF r B A 1100 C
248 & 155
1. Supelco-HayeSep/Q Methanizer 318 : ; o R 4(C)o C
AR v :
6 ft x 1/6 in x 0.04 in + 4. H ﬂ:wﬂ-. 35 mL/min
. : [
gt;ﬁ;,? 18 He : 20 psi FID :

5. Air flow : 400 mL/min
COzin N2 6. Makeup flow He : 2 mL/min

2.HP-PLOT/Q Lies CE A 100°C
30 m x 0.530 mm x 40.0 pm 2:_%5 R 55
43 4 He @ 20 psi ol R 9EQ °
TCD [3.#p| =g A :250°C
4. He flow : 30 mL/min
5. Makeup flow He : 2 mL/min

5000 r
y=2.3232x +6.2564

4000 F R?=0.9999
o 3000 F

2000

1000

0 1 1 1 1 ]
0 500 1000 1500 2000 2500
SE FE (umol/mol)

Mt1 :CO2inN22 2FEREFHERKRE A ¥R (100-2000 pmol/mol )
(& * & & 2 GC-FID+Methanizer)
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NMLE M A b 8RB ER A

HATHEE
Mol

Y

J-"( HEL 7’}:%
i#%“ AR A

v

1. BATHBERFIRFEE

2. TR E R AT R T T

4B RS EAE T
1 NMLA s (msias) DEets e

2. BAsmERER (07-LM-E01)

R R B 4 er4E (5 BTAF T RATBIRE)

B[R ¥
Lk

1. BRI BMAsH Y EHhirE B ¢ (APMP/TCQM)
2. Bt EmEE5m% g4 (CIPM/CCQM)

v

BT EXRAEER

B PR B R
CMCs & 4% ¥ 3%

1. REFTHE  #BTCMCs B4 AGF &
2. BENEREITHANSLE THE

W =

AR EFRFIHRE RS TEEEF

R

48 : COrinN;
NML

CRM-C003 (1000 pmol/mol)

e R R L

B BAL ¢ ST 1 5% 4 fi5 305 %

: C130177A

FEEHHRETRE
30011 # 45 A5 321 3
R4 ik C130177A

"“5'.-‘“:"‘" 244 % 241 COrinN, AR Q15£15)C
3 M ONMIL HYRA D (475£125)%
B & CRM-C003 (1000 pmol/mol) HEHRA C (100.0 £ 5.0) kPa
58 #E % W D247780
102411 H 08 H

S R AR H

L sgsR (#E:%)

RE BAFRARR

i % & W
(umol/mol) (umol/mol)

CO: 1000.3 5.0

1. g
1. Emu
1.1 A R ARE KR A © 100 bar (1450 psi)
1.2 $AALHMLHE © SL 52 % SUAR  DIN477-1 fUH]
13 ABREEHTATARRIT M F EZERAARFFRELIHREZ
HE - RACERE R A wEz FREHL
ALK A 465 10 bar e RRMME AN AR I MR R ele MR ETH -

o

AfAHARL MY 2011 £ 8 4 30 8 RERIEAMS 203 F 1 4

298
o 3. AR
*1\ % 1/\_7\ %“c, 31 AMEABAAASEHARAREal 24 B HEUMAE
20155152884
LD A AP ER % T (T
BERA R AR L 32 ARRESTMHHAREEEH R BABEHEHN - TERRES

BEEAEERETRE

BRERSRPRRH LM EEAL R R A RME

Mepetiidofk A R4

FIH#£2R
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£

— COINNe%BEBSIF T2 ARY

AP FARERFBEEEEFT %R T %T 50 £ 0 =+ 1.0-100
pmol/mol 2. CO in Np S 4% 4~ Frpe ®l £ 1% § 4p & wf?ﬁo RRCE
+ & 17 %k (GC-FID+methanizer) # {7 COin N2 2}k & & Blsk % (%
T EW- o) A A AR 6§ Jift»rl??lﬁ\ F
Bt s - B iz b 7w kgh 1S06145-7 1 2009 i % it 5 F Ak
)iiﬁ%ﬂ‘t«ﬁ"o‘@iﬁﬂi}é)i-‘* # (ParentGas) # fife @l & 4 2 § WkR #7

FLRF RPN &G R B RD ARl R KR o

%37 1 COiInN2 & ¥ 28K T

7;/? ’E‘EL’ . g S l/é‘ /EIJ % v o )
];\\; /47\ é] ‘%q’ ? *3— ﬁ'] ;\: /k }i%ﬁlﬁ & 1=
1. HP-PLOT/Q 1.iggF viE R 1120 C
30 mx0.530 mm 2. %4 R 150 C
40.0 Methanizer 3 WRIEE A 400 °C
. m LR
coinN, | M ¥
2.4% 0 F 1 FID 4. Hz flow : 40 mL/min
He : 20 psi 5. Air flow : 450 mL/min
6. Makeup flow N2 : 2 mL/min
750
y=5.808 x +0.2704
600 R2 = 0.9999
. 450
Aun
300
150
0 1 1 1 1 1 J

0 20 40 60 80 100 120
JE F (umol/mol)

tCOINN22 AR EFRERRER 57?/,\ 7 B (1-100 pmol/mol)
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— (CO+CO2+C3Hs) in N2 5 2 AR & 5 Wk R RBEHN (R PHFE e &
AEF R2HFIHHE D)

AR B % 2L 4T i b sk A 47 & (Nondispersive Infrared
Analyzer - NDIR) &7 % = & 8 & 434 # (CO2+CO+C3zHsg in N2)
N R R BT R ERARS & EA Rtk ot R 2 R A
ehlz b b SUELE R R 2 3 fF R TR Cana=a-X+ b £ rMHﬁiﬁ%ﬁ$
B2 2 R RGBT A EUEL S A S RSP 0 g

TR G MER c = FRF MER A RIS EHS LR
MEREZ ERFHMEFFRFMOERRE IR E L
PP TR - TREL AL REFHZIERFRAT £ 0 2R
Xedr@lo L= o

YAy WL = 4~ %k & (mol/mol)
O2: (3 % 14) x 10°
CO; ~ CO ~ CsH/N: CO: (1.6 = 8)x 102
CsHs : (0.5 & 2.4) x 102

=l FTREIEH S NDIR \#Frfﬁ

bypass

NDIR % #7 1,
(G:Hs ~ CO)

— vent

et ND[R/JJ\*H”%‘ —vent

+ (COy
\-T(;)T @ o TRES

£
> h'd
3 R R
W=tz ANt et RS RAPM 2S5 L
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EEHFRIASP RS REFAIT  Z 2 RERUAH TR
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6 o EHMITHRMILF MER2Z S L HEEHLF MR E RyiE(T
ST E AT EAFLFHEER LT3 (Re—>S1 >Ry ~Ra—
Si—>Ry*Ri—»S1—>Ry*Rai—=S1 —>Ry*Ra—S1 —>Rp) » B3 =t
BenTiaiE (T g st TRTHER RELFL AR TR D

Aoy H| BT iR PR o

B o N AT oerig o

HL
A

Aa

A
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: é; A\ N 1
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BRI AN TE 22 BREEFIREI AT REC LB EEET
Fi‘j‘;)i Uc é‘

umngngmg{gaj(h)(A)“(“+@2j”“”+@iJ”“)

He

ac:i :l— E_X

aCa E_E

aCi _ E_E

oC,) (A-A

a& :(Cb_Ca{Ai_Asz

oA, (A -A)

ac, A-A
-~ :(Cb_Ca{ — J

oA, (A -Af
oeclets
A A-A

bR E Sl BAARERE LI RRL Al d BRA
FEEIR TR ON T A kM2 BRI AMEALE KRG
o BiRIE A2 Ti0E
o HEZERZHERF LRI
Bt BRI RR T g X ERIR BGOSR E B RIEAR ¢ SR LR
fé'-g"éiﬂ\,:‘i SEPRIF LA TR RRe 7T 7300 0
1 Bl B2 TR UA) ‘B RITA
2. B E2 LT TR UC) - ﬁﬂﬁiiﬁﬁﬁi;
3.
4,

N,

GRE T2 R mTRUS,) AR RETRTR
REELL ML fFE L u(e) (B AR o

FEMNPEEX S BRI REIATG ONT B L

u3(C,)= (Sg J 2(C.)+ (TJ u2(cb)+[§/_iij uz(ﬂa){j—%j u%‘A@{%) w2(A)

+U%(S,) +u’(e)

Ry BRI AR A B 95% hizdR oK BT o ok sh kR
N B AARETAE R 1A% P PO R L A S84
MEFHWZERZBFANAEA N $A0RLFHLERRBITHEL o
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— SOz iNN2iR & § Wk R BHIM (3 H 5 1 SOz £ Rlptame =)

A F R 2 F 2ok kH ik (MKS Instruments - MultiGas™
2031 Purity FTIR Gas Analyzer ) » 42 J13- H 4 1% > B FFE #4417 NO
21 S0 % B4 A 2 kR S o BTk e Bl S L w4
FTIR z_ e iTi% 24k = o

Purge gas
(6N &b 2 RLAL)
uUGs
i valve i
Dilution gas T H
(6N & # A R ) T MFC i
E i —I valve
1 multiport i |
1 valve i
i | MEC |I ‘ ; FTIR — Exhaust
; valve 1—' i
i Scroll i
i pump | |
i L t Exhaust
L a
Bt i E kRS IT AT
£ I FTIR 2 NO £ SO, A 53k (T i
B 2¥ M eR ki E =k 18 RE R
e N el B IR T S
i Be(cm”) (m) (Ppm)
NO in N2 1780 ~ 1960 51 i Eﬁ?/’a\ it 0.25
SOz in N2 1360 ~ 1400 51 % Eﬁ’?é\ i 3.21

RRRRIRELE S 5 = < HB
HEALEFFHLS Iz SRR AT E L
170 Bl + 1 5 FTIR SO2 % 2 sk 3¥ £7 1% 5w | 5k 3% [§]
HEB Ry rae 2 SO2in N2 iR & F MRk B *F 4
P WE AR R B ES A2 (Rl -2 )

% 2 C:ﬁ:ih%?r:‘?'l% i 2 %W*“ FTIR 4 45 #7183 BL % ~ 1 f = A2 50



1400.0 13900 13800 13700 13600 1350.0 1340.0 13300 13200

W= L7 :FTIR 2 SOz 2 38 3k 3 2 4% 5eex sk 3 )

3000
2500 | y=1.3092 x + 8.5870
R2 =0.9999
2000 |
5 1500 |
s
1000 |
500 F
0 1 1 1 J
0 500 1000 1500 2000 2500
sE £ (umol/mol)
W=--L= SO ERELATHELZ % Ef?\z'f A )
RER SRS ER NP TR G A TR R R T ] SR
FHE (A2 ¢) EFEMN g ToREFECHREFHYZ FP RF
PREEFROETAP ST APPSR L3 om P HENHEL T PTLHE

MEPRFE = S P 2. 50|12 2 %5 13- pw AP S S o o it v 8 5 MR
2T ERE AT ERBERNL RIS 20% - FP p WEEF BoOS
FR G v ms kR VAR o
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BRI EEFHREANEN (BERY)

TRt d R & F W fsaraus = | 3 FYL02 $t% B ehE
BAE2 - o FEZEE BFBRGREALE SRR ERER G T B
WHRBNE THRBFSL ERR ST ERLFMORET P 8RR 3 e 7
M ta) B F REEW D) At ) Frrf AL B
gitFER < lumol/mol);d) B3 FER 7445 5 W s e) TPFE
EOFMARN-FoEf Sk ot = RN R8I F A

WP P AdeB - L - U E Bl L ANATT oo

3.

[tez@Enmin |
R
(#20~25L) A E THRIUER B
B BhHEk (Bl ~ k) (& H25-40 T)

Wztr: FRARZASRFMERRURKN (F 2RV IHARE)
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— BEFREREREFEF UG AR A E
At dorE 2 AR e R KBl L4 T o {9}%’

OIML R126: 201212612 2 |SO 6145-7: 2009 #1712 3k 2 $LAFAR 5> 11 5
FEAEHEAE (MFC) 4B B2 R n e 7 M2
R B @#’# 27 Lmine 5d g F2 g b R R
ERZCEFMod B DRSS o ABEs ME R L RT
AefliE A 4> 0.15mg/l T 1.15mg/L 2 ¢ fE 5 48 (§ WE & 5 34
°C; &+ % 1.013bar) - 4p % ** 82 ppm (umol/mol)x 630 ppm
(umol/mol) » H s+ fF 4% % #c(R square) ¥ i 0.9998 -

EtOH solution

(" P
" Gas Dréger
Mixer Alcotest
e e e q 9510

Zero__ | LMEC |
Air

UERa AR X R S8 Y0 R B

1.20

110 - y=2.6827x+0.0176
R?=0.9998

1.00 -
0.90 -
0.80 -
070 -
060 -
050
040 -
(mgl) 030 -

020 -

0.10 -

0.00
0.00 005 010 015 020 025 030 035 040 045

B AERE AR ME (MFC1) /% #i¥ (MFC1+MFC2)

W=+ e BiMEREREF RHFR L2 FLHTH
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SRS A AR AT S 0 B F R R %35

Dubowski’s = #2352+ 5 @ 8 > 4o T 7] 250 o

a
Calr = 7(k1CHZO exp(kzt))

ki=0.04145
k2=0.06583

Ch2o= 8 (mg/L)
a=MFC ;=& (L/min)

BEFRTRFE ST

()= 2w % v

aCair 1
( aa) - (kiCy0 @0 (K,1))

oC,, | a
( ot j = (kik,Cyio XD (K1)

U2 = u *(Car) +u?(S,,,)
H v

U(Ca|r) V— /P /}E )i Ca|r Z_ ’Fﬂ .g‘ d F&L

U(Ssys) = & Feds Ak fie % SL2. 7]‘;‘%1?— * FE TR

Ue - % %Lz % & 152 7 FE TR
PR SRR AP o R ;ﬁ;gq =4 s T I jiﬁfiﬁ,% g 5135]5?']
BH PR ER P B BERBRNEFTRE ) B 40T 977 ¢

Cair(mg/L) a(L/min) u(@) t(C) u(® U*(Cap) Wy  W(my/l) Uk=2)
0.55 145  0.000866025 34  0.08660254 1.36305E-05  9E-06  0.00476 0.0096
0.25 061 0.000866025 34  0.08660254 2.53411E-06  9E-06  0.0034 0.0068
0.15 040  0.000866025 34  0.08660254 1.17399E-06  4E-06  0.00227 0.0046

FESTEE ERF ALY

Ur=U/C x 100 % = 0.0096 / 0.55 x 100 % = 1.7 %

d B BB HERI B 2 bk B L S 5% TR kR
LIS ERE Ko T T RPN R B H AR R o
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BRFAPAAUN CBIMNEREREIFE 2 AR T EHAHRY

FATRRE* FAp R ATas e VG gEs R E GC-FID (£ - ) 2
ibﬁiﬁkagﬂﬁﬁ’ﬁwﬁ%EAﬁ?%bﬁﬁ@%%%&%
REPFL R¥f ek LERG FERERAAF WA § FERER o
BIFAAAN REEAF 22 FlRER AN TR FRMALF
ek R (St fFa R? @& /f 43 0.9999) o o A 455 5w L
S FUF Mk B R B AUE R B 0 E AT SR AL RE A
2 - ARt MRV HE B H GV E R T E AT o
HpmE 2 EAEY T ARSI TR S REF BT
FERA TR 5% GUM IS (£~ ) o #4472 32 5 - Fasig
ER Bz BTy MEFTFS% G WMok RV H A1 (Y R E 45T
BERAR LR RAPH L R 5 % M) SRR %Eé%;p’
PWERZ D FRETR > THRELHILF «?“”‘f WA - LRBF TR
Bt o e B E RGN A *vﬁfﬁ%/ﬁ‘r@kt fe o

P 245 CoHsOH INAIr iR & F HE R 2 3 2 2 S AiE 2w

i . il |
;t/,,\ R A7 g 1 %\?‘;‘J kR e kR 2
P
LiefF rig & : 100 C
24438 A 1 40°C
C,H:OH DB-624 Ul 3.1 B BIE A 1400 °C
0 Ar 30 m x 0.530 mm x 40.(_) um | FID |4. Hz flow : 40 mL/min
fin # 4 He © 25 mL/min 5. Air flow : 450 mL/min

6. Makeup flow : 30 mL/min
7. Methanizer ;§ & : 375 C

TEANU-FUERBRT ARSI EHALF W (kA 3009£15
umol/mol )+ #4 7 & A& % 301.0 umol/mol z_ C;HsOH in Air # &k & £
Bt REERKRELFZBERAER I EIATEREL o d £
SEaT o SRR RTA KRS RS HEERF WER
BRI ORE > FRT AL DERE LI TR > BPSafE
TR E R A i FEA o O AT R 0 PR A
i 2 et CoHsOH in Air Jk & fe i 2 PR3 4~ Bl = 130 pmol/mol
I 574 ymol/mol> & -] # >« # /2 T A& & 1.7 pmol/mol I 4.3 pmol/mol-
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% ~ ¢ CoHsOH (301 pumol/mol) kA& 8 Bl * FEZA A 7 4
B 02 FIFET R B
FRERAR || A6 | BB AR Eﬁf& f:ﬁ R
Xi u(xi) EN — [ux) %69)
A F A
fifkmTmE | A |t 17.16 -0.0618 1.060 4
(A:) (umol/mol) |  (umol/mol)
Fg WM e
fafi s FEE | A |t 8.58 0.0631 0.541 4
(As) (umol/mol) |  (umol/mol)
TR WER
‘Q:E ) B | ¥ 0.75 0.9796 0.735 %
i (umol/mol) (umol/mol)
Bk R ,
(5.) B |47 0.49 1 0.490 50
> (umol/mol) (umol/mol)
b L )
s (jf d B | &4 0.2872 1 0.287 50
(umol/mol) (umol/mol)
e & 42 % Fx TR (Ug) © 1.51 umol/mol
¢ sepd & (Verr ) * 16
Rk E D95 %
i@ F) 5 (K) 1 2.12
v 2 Fr 2 & (U) © 3.2 pmol/mol
REHBLAEETAR 11%

Bk B T PRI A £ R B TR s
B RS RN R R 2 B R R

%°”%%%ﬁﬁﬁﬂﬁ%ﬁ&ﬁ@ﬁ@%nﬂﬁoi@@ﬁﬁﬁ$

ﬁwﬁmdmw’*ﬁm@%f wm%aﬁ%&%
‘V-’L—”  FRERGRHRIEET o SHER e 2R R
BREBAEF EORER X B EEE TS Sz
Sogat g e

P gﬁ%mk FHogE =

mr.lﬂl

S ki
AT TR E AT T o BN D et o P
HECRAGIE AP ST T EHE
i E’v’ﬂOutIierM“,f%M'J °
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o

— FREBRHBEIRF T o @iEr (P FE I PEXFT)
EEREREZB L MERARUSIZ . S G ME R

AXE > p A g 22 COINN2e2 CO2inN2i® & § #IE R
FRARREE 2ot T AT RERAFCORNEE VagS
i ”|% (GC-TCD/GC-FID) & 7447 > 2 = fF K B 2 7 Rk R ¥

BEOmmle o o ez SR AR aih > ik
kR 2 BRR

e
i
s

o

PF

AR BIE ARG ST 2007 fF R B S A T LR
IRz L - o AR FiEAT i * g fie il * kR 2 & (Parent
Gas) » BBMREFMIARUKNBMETAERE S #FELEIF
1T P fp2 FFeanf RE o

o ik R

i kR R .
" 1
COin N2 (1 -50) ppm 2-100
COzin N2 (50 — 5000) ppm 2100

He Ny H,I MJ
O] [ —
‘ ‘
\l )i —.
V | == o) ] )
Reference Standard Gas
PC Vent
Q
=1=1=1 :
oo
oooa oo
@ Rotameter
~ ._‘I
. 1 LPM -
heck Valve
Zero Gas MFC 1 G qD
1as . N
Span Gas (C,) MFC 10 Mixer Ball Valve
10 LPM

R R S LW R S T S R E R E)

RECRS;
it

=y

LFMERFRAL LR FREIAEZ L 0
F TER # nﬁ—v]ﬂ? oA A kR B RAGR L EEF Wi
AR BB ERE S (A7 2 FEEFHAMER (A)) HLE
FAMER (Co)22) » L% ffE* * 5 (Cs) #pfrflEs nz
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HE* Bag H (ZeroGas) & fifpe @l N2 PR GR E& 5 1> 1%
GC-FID i 7 A 47 o 2 & A 72 16 o s i e Bl 402 A f7 23518 (A)
BB o REM AL nFRER (C) o a RE R EHE
B3 (i=CCi) > 2t B =G A 3 3 2 Ripldh A 7 TR

BMIER B . .
1 AR EREAZREA
| e
_m. S IE-\!\.;IS!- _3:_()(- l) ‘ (C'OzaAo-i-b)
|
AR AT BIR
ES Aﬂ‘?tf, =|
A
() R KA B9
B RUBEIR
(C=ad;+b)
o |
Gt MR 6 R SR AR F
C, i BB ARAE (*i=C/G)
C: HEABEA l
A; B B R R o R % .
A, BEERB SRR 5 10
xR E 0
0 40 80
Xil

®=1=: Wf‘%f&‘%p&/mﬁm
A5 3 4 COin N2 % 1 pmol/mol = 50 umol/mol 2. § % #+1¥ &
Fofrdbdck 4 i TUBALAFETR LT BRI ’F? «—pmﬁ%"#
%$??”%Wﬁ%#@é‘*iﬁ“h%ﬂﬁwﬂﬁ L =77 o

I

24 :COINNREHFRGF A7 4

s p g | TR | PEARAL 7% TR 5
. A m 2 22 N Y W 2 -+ IR

C@;v FRes | pimmkR | FEed ERY LY

° Xi' Ci(ppm) Xi U(xi)

2 26.11 2.06 0.02

53.8 5 10.88 4.94 0.04

10 5.32 10.11 0.10

20 541 18.42 0.15

- 40 2.68 37.12 0.49

57
60 1.8 54.9 1.1
100 1.1 91.6 2.8
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BTAPRCESFTREENE QR 2 ERR G A2y ;) GRS
HENERA T EZFARAEL LA AZZ P o Flpt s 2R KD
WRIEEETR Y R R LAY AP T RRS SR
# &4 (Maximum Permissible Error, MPE)sh= 2 2. -~ o @ A& 3 2
BEE AP ARA AL R EFHERPHEHB L2 TR L%
IR @G EPLIEE RS > W RERP FHERRA L ATEYE
Mk (Blzte ) ARVERDPMAFTEETHITVE > UHRER
MAF -

RAREMELE _CON,

100 -
90 -
~ 80 -
:: 70 |
T 60 -
i; 50 - y=09126 x + 03132
40 |y =1.0451 x-0.1907 R7=0.9999
30 | R2=09997
20 |
10

0 10 20 30 40 50 60 70 80 90 100
2 E(X)

ehREEA BAREEX

Wztz  2HFRF R RHFRLFHE 202 AN AF
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} e 3 N

FE M e

SIEXAEA  mol, kg A

(mol) (g) NML - C08
AR EEATHE (pmo) | ABAEFE (W) gEEmERS |,
BOE EERERGAUGBRA ABBERE R %
(4#42% :1SO6142: 2001) (Fugm | L
------------ (ER5e;G) |8
BBREERER 5
& 5 3 ¥ = . by
1% & B SMHAR (Cpry=C,,, mol/mol) L —Co3
| A AR S R 4k
s V| (BRIEE RBHRA, Ay)
BESENE
$AAE A AR R4, C;, mol/mol
----- RERPEL B AR

" B Vi 3 p-9i s 7 s — (5 PANSy 3

----- AR S A R RART

Cgr, mol/mol
| C=C,-d(%E %)
{ aRdnERLEE, C, mol/mol

[ AREE BB A RE E AR ’d:CRCGD

Wz=-e ! fHERF;EL*=N

54



— B EAFACL TR ERESR

? Q @, 4 ILEg Swagelok 6

Y

MERLFEFMERARACAE BFLE AR AL 2 &
LHHT AR RZ ST Y R RS FREEREE
P i A4 MR A E R F o B R R R
THEEFHM A ERZPGFS R BAD XEXRH > a4
BAEFEE AR EERREE S IR KRBT RPN 2 RAP M I T 1
P 2 —ﬂyfﬂl_gt;ﬁ,gé‘vj\/)g,l,_)% Fh B2 A 7R sa[128135]o

Vent Vent

1%t stage dilution chamber [Yj ‘

Sampling line

Dilution gas 2" stage dilution chamber

Dilution gas
Oven @
N,

_—

Capillary column ™.

N izati [ A " o
, pressurization 1 I—V %%iﬁi’bgééﬂ

Nl FERREE R LTSN B
Bk mBALY o FEd ALY Nof M BT 4 o R Y
et A B T

e o =INN =

|
W=+ RN FEEREE RPN
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RS E SUE S SR L S R LY
Bp i e B AR S0 0 AT W I £ R Y i 6
FE w0 o P R R0 Rl o
V(N,)=V(VOC) > @ Nz&vi®d MFC (Mass Flow Controller) #2+41 »

No = & &gy ~ #4f 2 ov o Bl N2 T8 5

m(N,) :\7EE2;

I

~m
—

7 |

Z 5

1]

-

29 p(N,) 3 Notem % F BT chig B e 8 i 5 i) TR
T R ALY R PRI A PR S - B
BpJAt ® T kg cosg i L Al B

[k
m

b

Al =[m(N,) —m( VO ¢At

M(N,) © R &FL? No & F 3 4o rﬁ?ﬁ-ﬁ &

mM(VOC) : #h&¥g® L 5 W3R L T E |

L
=

At @ PP (At=t, -t )

() 5 @) RIE P R G R R TR TR

m(VOC) =€EE2; —i—i
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(=) BRCEFEHREEFLSA
T R R 0T R e T b R AT iE AR SR Rk SLeahE s
%R 2 #ﬂ FomBRBE ST IR DR ST LFRAFTEE LY BB EF R
FRFILREZ BT - MNEPRBRERY FELALPF(RAPF)ZERENT A
Bl R Y 2 BRI B EERF DR e R AT R
(Matrix-Matched ) 2_ %% %+ 4 5 (¥ Matrix CRM ) & {7 = 2 %% > M 4x
At LT A (B2 - ) c RMERF ot SHREI 0 o 2 R
B 7352 2 ok 7 B (NIST) 2 4 R R 7R85 #1877 7 I (KRISS) &
BFRANBESF T TOFREERF UEELATAR AR PR AL
Z ERM S TER NG FE GRS F R

E\x‘ﬂ

gﬁa

BRAPFT G TR AT LR 0 B TREPFERZATES L5 0 FIH K
Eﬁ@fﬁ'#@ﬂm WZfzg#%?“wiﬁﬁﬁiﬁﬁiﬁ@%ﬁ
FHLORERF LORFES T TR LS E R TR o T
Wiﬁﬂmﬂﬁﬁﬁiﬂﬁé Basd 53 0 T2 Addm L 8 &
HRAPN AL RN ABATEF A Nh e P mldP 8 0" 2y
REFTFE TR AFAEASBEFZ oS L R Rt
ZREFEFIPELG LRI

smm EE'E
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—FEEH
(3RR)
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T
- ZETEB - BHA X _PREEES ]
R&EZER )l -
o TEA e FEBAH o BEZ
o ERE o EEg o WBUXEL
e L R TS B RRER 2 op |

2011/65/EU

X % AT "4
) Te AERBSGS N
WA >f=-,\,g s8BSGs SEBBSGS 2EABRS '%@‘“im
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i‘ai‘% ”"’ Ela@?*’a Mr ==
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AR 102 R R R AR AP AT T 2 G B TR R
BAE o AN ¢ 7 1 sub pg/mL ~ pg/ml # e ek AR A AR K 4T
B2 2R 7 F 7 %% ¥ m(Polybrominated Diphenyl Ethers, PBDEs)
AR ET R E P URES TP T RNE R RRRELF R AL
78 5T LRERA B A WA R = BRI A

ERELE
G M (auto sampler)
Mechanical
pump _
' HEELATAAR
(carrier gas)
HEEEHE
Hi-vac pump
R HEAMS)
: ot . wHE
(theﬁitfr) HERATE . B TR (interface)
(Mass analyzer) (ion source)

[ £,48 /& # #.(GC)

ChemStation
<:£:£:> EEIE S

[ I SR N N )

W=-L4 44,5 30% &% B (Agilent GC 7890A-MS 5975C )

58



B o5a- FEUERE RIS ATHM
F8.- FERUER EBIAE 44 1SO 22032: 2006~CNS15050 &2 NIEA
T506.30B % #R2  j2 e {7 § Pz = o k& NIEA T506.30B *Rj=
RO FAARPTRZAFEERE BT AF(RTL S FRD FR
%)z 4~ 47> &1 * Decafluorotriphenyl Phosphine(DFTPP) i® & & ¢ & 34 1
*ARMA % o 001~ BONgDFTPPP 5 6 » Tk BER &£ TR %A

R o

%L :DFTPP ¥ &% R & £ %
F¥ R & O
51 B € 198 130~60 %
68 AR 69 £02 %
70 R 69 112 %
127 8 198 140~60 %
197 R 198 51 %
198 B 4% 5 100 %48 $4 55 A
199 BE 198 «15~9%
275 78 198 £110~30 %
365 * 2t R 198 ¢h
441 Wi R 443
442 <A FE 198 (940 %
443 B8 442 1 17-23 %

Fupeglyis » 5 50ngDFTPP > &d Fi A4 HR LS TKE

4 7 48 (ChemStation):# & 15 H 4ok L — #7577 » F R T 26 o

#L- 1A r$50NgDFTPP L HE R R TH AL RS

| Target Rel. tc¢ Lower Upper | Rel. Raw

| Mass Mass Limit% Limit% | Abn% Abn P ail |
| 51, 198 30 D | 3 16084 |
| (= €9 .00 2 | 1.7 2438 |
| €9 98 .00 100 | 4.5 14780 |
| 70 €9 .00 2 | i 79 |
| 127 198 40 D | 158 15956 |
| 197 198 00 | 0.4 105 |
| 19 198 1 10¢ | 100.0 27143 |
| 19 198 | 6.7 1324 |
| 27 198 1 3 | 22 978 |
| 365 198 1 10 | 2 762 |
| 441 443 1. 10 | 78 155 |
| 442 198 4 10 | 52 14114 |
| 443 442 17 2 | 1 2763 PR |



5 PR G OR A EE MEBRR R B Bl HAEF R4 (GC
Oven) #if ¢ i (4:320~340 °C) - iF § 0 & 47 F fLp P FAR 4 >
Bk ks TR (Aot s FRD) R fROHS € 0 < MR e o Bt
$E 5 ks FRBT SR E N PP > A7 4% DBSHT £ i
Fho (KR5S m pje0.25 mm e 501 pm) & (T AT o bk F
Bl b MARE T LA FRE B md (BCwBrio0) 2 ¥ ML
B p o O F AR AT R (BAGEIP A L D) e s A
# 8% 05pug/mL % 100 ug/mL » 4eBle - #tr o #RHEL S 0.2 ug/mL -

ETR
i

EHEH I o2 58 FR (455 10ug/mL 2 T 0% FRC
Mo PR LR FR o AAPRZATER (- 2) THEKES
deBle L - ArT o d R e LS FRFIF TN LR
B ERE Y FERBAGE REARRE P ER

[ball 4_,\_

35 ~

30 ~

25 A

20 -

Peak area ratio

10 -
y=1.661x+0.251

R?=0.9974

Conc. ratio(ppm/ppm)

Wz L+ L FE(PCBric0 & b =% p 8 5 )RR T
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242 F R R R

F AR T ik
E
FARIE 2 -
BT

fim R R
Bk

Al

SN

bR R

Agilent 7890A

300 °C

BHEZ F 0 1L.8mL/min
DB-5HT *£ ‘wg 4 (& A:15m
poE:0.25 mm > 5 E:0.1 um)
110 °C (2 ~ 4&)

™40 °C/min = 200°C
r210°C/min 1 260°C
r230°C/min £ 320°C (10 4 4%)
300°C

Agilent 5975C

THRFS(ElI 70eV)

300°C

150°C

1
1
1

T im e

1
1
1
130
1
1
1

900000
800000
700000
600000
500000
400000
0000
200000
100000
000000
900000
800000
700000
600000
00000
400000
300000
200000
100000

-

34 FES

(BDE-99)

\/E-‘

R N ¥

(BDE-209)

‘ wa [
A mmww“ww bttt b
RN [ T T T
§ .00 000 200 6 .00

(BDE-203)

L

A (BDE-209)

B e L e A Sy B B Bt Bt By R S S s S B s B S s
2.00 1400 16.00 18.00 20.00 22,

We L - @ %30 50 Fak W
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| IO N S R R e e R R e

d o E R SRR L F R R Y HeE ek ¢ (Pipette)#E e LF B
(dei 2 2 7g) i (TR S5 R ﬁaﬁiﬁ?ﬁv‘ﬁ 1 (Fe F]pl o @ * g S A
AR AERES T B PRRIBIE Y L AT b g e
ARG AL R SR Y 2GR E “)»? ) R B e T
e ’Zﬁ‘fti‘_“i? jel ¢ EFS%FEEAV N - ot A F A
AR ISO 8655 i 75 4~ ’Fr'fﬂ-e:r’r'/p/&ﬁc‘?i? VR S A
%ﬁi&igf—% °
(.20 C R RIGHE S F A LAk A S S
Mm=m2 — M1 — Mg-°
He om eSS FEASER R X THE
mi i & V)\? ¥ A5 25| ]\au;ﬁg_ﬁ‘ E’f?m%l g B
Mo R v B AR A S EE b T
me: £ I i A 5 e B 47 4
Z R SR e L2 B A
W \Z;ug LR 13 T F]F o

)
=

P ZE(D ST )T D BRE A R MaE R a3t
7{?@{ frziﬁﬁﬁ‘]'/,%)i’”rﬁ 4 m;[_-? ff’/p?'gﬁ$)im ff:'fr'c
1_Pa

Z=i>< pb 1 pb Pa

Pu q_Pa Py pw Pa
Pw

pw:’J( E’f’ﬁ%}i,

b

paZ F B E,
poiE A% & > 1345 OIML 7 434% /2 75 po= 8000 kg/m? -

TS EFHEREZFERERABEL ) ZRARANT BN

|
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d v aes RV, BB 2 AN Ed motw~tacpacorac-taF - R Kk
A5 e 258 WV, =F(X)=F(m , tw, ta, Pa, @, ac, t¢, constants) - ]
s f“"l:}%\ ISO GUM L;&VZO.,L«?@Z-??* FET R 5 -

)= X))

u2<vzo>=(§—rijzxu2<m>+[§ti]2xu2<tw>+(§tijzxu2<ta>+(§—§aj2qu(pa>+(%j2xuz<¢>
ol

PN

He > u(x )25 BREPIHEE I ETABL S SE R %fa’zf, % ;
F#E pufrpacn? FET AR B 2T R K] > FIU TR TR
AET LAV o TR AR AR TR IER A T AR F o do T p

Puw = Pa = Py

Po~Pa= P

p,, ~1000 kgm?

1_ac(td _tdzo)zl

Po = Puw” P
Lt z35 g #27%% 1000 pL Anvx?%u_%ﬁfv LR AFRIRK
FREAEIRATE  FAGEE P RETR e s RE

FEETR2ZTE -
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2Lz i E 2R AT MHA000 UL)2 F FEER A HFE 54
7 FE TR KR X gitE | BF FET R BT Bk | P RRETR | P
A | R ou(xi) of A ) | A
OX; i)
2 2 (m)
KD REER +100pg |t 1Og“g InL/pg 50 nL 50
- P 20 19
F (L =x) +20 pg & T 1nL/pg 11.5nL 50
3
= s 20 19
£ RA(2 =0) +20 pug €2 | L2 1nL/pg 11.5nL 50
V3
T n | 17 19
EAF (1 =) +17 pg B T 1nL/pg 9.8 nL 50
3
A2 %) +17 pug B2 ”T”g 1nL/pg 9.8 nL 50
3
BREA A +1pg w2 17”9 1 nL/pg 0.58 nL 50
3
e s e g e 25 19
AFE A £25 ug Siseil T 1nL/pg 14.4 nL 50
3
RERAREF TR ()
BiplpEkE g +0.2K B3 % 210 nL /K 24.15 nL 50
3
A A +003K | ¥ & O'O: K 210nL /K 3.15nL 50
ZFBRFED ETA(la)
THERRN 0K B3 % -45nL/K onL 50
3
o ek L .. | 01K
BIRRIRI AREA | 201K ¥ ik 5 -45nL/K 0.225 nL 50
X RS HER AR (P
coF RS R + 10hPa | &7 10hPa 1.2nL/hPa 6.92 nL 50
J3
S FRAFIEIA +1hPa ¥ i 1hPa 1.2nL/hPa 0.612 nL 50
1.97
FFBRFEZ TR (p)
N . o g 10%
TFORAERI + 10% “EA -0.1nL/% 0.577 nL 50
V3
cm g R L b - v s 1%
BIRRVRIAREER | +1% ¥ — -0.1nL/% 0.05 nL 50




FOUE A B F FE | 1105k |y | 10°K “L7x10°nLK | 9.69 L 50
A (a0 V3
EESERRFEED 12K ey | 2K 10 nLK! 11.5nL 50
FEER (ta) V3
Ul ! E B2 REMERFHHA000uL)2 £ 7 TR Z Udy) : 63.5nL
Usys © F 22 p d B(verr): 121
UL R ERAL S 15 L | ¥ | 190000 1 a74nL |9
EAELR V10
Uy B E KR Prene £ 1R 3 2R u(Vy,) t 478200
Up @ F2ehd B (ver) 9
U\ZO Dy oL (k) 2.26
ug, ‘R FEEUR UG 1081.85nL = 1.1 pL
ERP PG AR R T EER AR S WH R R
FEER R E > AATE 502 1000 uL B % & Fp o 2 v AR BT &5

L s

G ERERE EFR

N+
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S ERVEFMECRESRRP
(=) iR B = RRP (3HF3E 0 LIHE - A Ifmd)
(1) 23 F 2R INEE 2052 p a3 28 WERRBEY
B M2 1 EPREEF I A E o d R EAF AR A
AR AR A E L IR B2 SMET R 0 &
HEMER R AWML FHERE Jxﬂ%ﬁﬁﬁkﬁ
B SRR AR SRS f WERRERITT IR oz A
5%%i$@?§iﬁWﬂﬁﬁﬁﬁiﬁ’“4é‘§\P§7@
Hped RH 027 fujo B2 A X tee 2 A} EchA $ e 5
Wi F AR
B WE(B)RBRRIRZTE XA ERP
WIS R PIERER =&

Hv ARG SAp M E
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(2) A Z FIRRPMAPMZER > 6/4 P L1 FRBER Y BT ML
BFE0%24 21454304, g s AP wy
MFAERFEOERGT R NAEP RN ZFESTEAF RS
FZORRBRFEHII EFF M EAWAIT IS 5 2 A 7R
g 18T A HAP BRI 7343 » FE A ¢ TRE H e £
SR A B ST F M 3R H e 2 27 B Ro

4

r’ﬁk&*i NAZARFRERRBLN A
FER AN ZFFAPFINE I 2§ ST FRERGEZRNNE > S 3 L4305 4
AT mﬁfﬁi”"?@w EF LR m AT f ARG LT P PE Fand & a3
BRI WOImEF B RPN 2ET o ot T ERIEFE L B RIS B ¢
APEAF G REAFF L R HFE LR LD Lo

@5 pRE 2 SRR
L Sileh BLAE Fo ISRl en SIE S 2
O 102& 6% 49 (B =) 09:30~12:20
OB AHS R B 321 %‘..16%:7?-52?%3 (LFPBRAHERE)
WEP S AEd (PR EMEFALIR FLR)
Flemg L (£ n F1R)
BPATAL (1 EHMFT LR 1A )
7t ALY
YRS SES L LR PN
1HE L4 L4 Pp4=3 57 29 8 18:00 # & F (03)574-3838
# e-mail : YuanRuLee@itri. orgtw TgpEh R
2. B A BB R o 2] 48 Tel : (03)574-3810 ~ 1 -] 42 (03)574-3704
B AR

R EE
09:30-10:10 ¢ W22 A %2 FHERFEZ RO (L% 1)
10:10-10:50 | F Ak R Bipl2 ST fn A2 FardE (Rl #2)
10:50-11:10 | * 3k 4

11:10-11:50 | ZP 24 SFF R B —LF ERHA S (3PYF Fim)
11:50-12:20 | 5 & 31% Q&A
12:20-13:30 =%
ZARFRIT LI EFR/TaF AP PABZEARRFHRATRRRS T @
dE SRR AP Fapd 1P
S EBHEFHELFG AT VLB AR AR FELE
LEAHER G AP ATR P
BiREPF AT Ps FRpHF
PARAPE LR G P B ML RGP
A R v AREFLFEIL G AP
Free kg R ¥ Lo AEHERRT AP
A REBLPF AP PABE A DB R TR
PERFIERRFG R T cAPRREFRE ST
AR PERF AP R sk & S
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(3) 7/10 p E 7% r%ﬁsm?ﬁé&w

RERDE SETFHFR ) FHE
Vst & 0=~ QRS SRSl MEE NS s R SN SIS R L i S
Tt ARl R A R B2 R AR PG A R AR T SO R
FEBLAB T2 £33 16 R 3 A B L IpME 2 4 f

s BB R S8R4T

| RE BT S

fo b i

P%ﬁ-f- F\

5
58 o

@ AR EFFERHFZ

-y FHw BB E - R 321 5%
"HRRERHZAFRERESFERBTR A3 E

399‘»5%15«—‘—‘(11}1}51 T_E AL ﬁ}zli’?lﬁﬁ%’iﬁ ) 0 R A E R AL B
AR RIS &5 “Wifgiiifﬁfﬁgéﬁf“ﬂ ,ﬁ;;g,fﬁ»ﬁﬁp“ o2 J

-

AR EFT 2o R ZAPHREFE PR T AP RE NERET
PHEERPPINEEEF S2 ﬁwﬁzﬂ ls\%n’u_}(‘]“?r BV AM . (e
HEPL(F)EL dies 4 Bt s g ste ke ﬁ»mﬁh
r‘-"rl'%’f*?éﬂrmﬂiﬁ’ﬁmrafé;&;ﬁﬂ,, A AR fo piER AH K
PREGASE R h 4 E PR L A By %{_ﬁ_@})i R 2

LRI EE N AR R ARG R BT A S R AR
KRB ixe %Agﬁﬁ ﬁ*i}iﬁ}’ % E chip (e J_FL#

M opF:102&£27%10p (B¥=)
WM E AR R R RIB(1IFARERRTE 3L §33)

WEF D1 EBHFETRERBRFRY
-

s

P& A NT$3,000 ~ > b2 74 & 2 % (F)1 1} & 06/28 #4F & F

35 LA NT$2500 ~ -
A
PR P b Gaid
09:00~10:00 FFER R Y iR a8 -2
10:00~10:20 Break
10:20~12:00 PHBERERKDT B IR ITER e/t BB
12:00~13:00 = %
13:30~14:00 B RERD R HRARES EP TP
13:00~15:10 W kDR D IR RS ) g gwag
15:10~15:20 Break
15:30~16:00 FL2tH4h HpF
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(4) T4 B FRBEHIHT | 0 TB0p 2B » AHEFEA -
B FLREHARNL CFFEEREFERRE § R AR
rES REED ERERFR AL 2R P L AEF R RRA
ANE R AR L2 RREAE 202 g
THEFE RE I

o 4Gl

.,;-o
(BY2i:3n A BRFREMBATY v §PEL 205
EFEH A WLE -R2FFEAE I RPRE -FERRL B
AlbE - BFEFRERHRYT 27 52k R FELE Fi
FE-NZIFARERY v HBR%EE)
(5) It g Wi 58P WL A TRl R Rk E R Al PR
"LF 2 R REHITFE AR NIST:L § R 2
55 kR ERE FMr. James Norris2 £ B9 < % S E 1 > 44 4
FERETPR L3 ERFERI 24 F ~SRP2 1 (¥R E SRP4e
Pd ARBEPFEIE RS HET DL RAREER A 2
TR 2 P E3F bf WS R A a2 o
(6) E53% ¢ @yiwt 10/28 A F R H A F AR B LI FER
FefEd 41138 &H > 195 CGA M-8 (2011) Guideline for the
Manufacturer of Calibration Gas Standards Used to Analyze Medical
Gases > w4z N F* fapofr* LB T2 QWb gw , >R F
AP BB LR A R 2 ERIFHTL N o o
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(=) EMPRIFA R WP (%35 95 & Bprssy J3%% RIE)

AERBFBERE LD £ AL NPIrE R RIFHITE R AT
AEEMFEITLIRMBPN Frd L2241 o mMe e vl RRrRAEEH
HRR S E &1 4R AR RIAR L D SR BRI 0 T RALIR
P2 A Ew R ged Lo o34 AZiE 95 Rot 2 A ¥ HTER & HEIR

Friohr o Y AHE P 13 RA MR FEmPN TP
B
FHERERSTEFT CO21E O f 8RR P B2 PIABIGHENIR
FoFAN e FHEREPRRAESE CPIREFELEPN T  CREERREDLEPE
I}ﬂ\?’ FTAF/PJ é‘-ﬁ‘fﬁimm %_?_0
2. S HAH N
BFEF-FHCEFTRESEMZ GRS ERXE FE/EE? &R
ﬁﬂ%%ﬁﬁﬁﬁiﬁﬂﬁﬁﬁi°ﬂ&’*%ﬁﬁaﬁﬁéﬁﬁﬁﬁ
PR P1EF % 3 2. ISO/IEC 17025 : 2005(E) 2. TAF 3238 0 4o 5 3& &
JREIZPEZ G 4 BIZPRA o F]Pt > A FRFIB/ESHHRHETEEFR
FIRERHEY FTERZERE I FRT IR R F oo
3. &= ?;EJ‘EFFFFB Akl
BIPFE I A8 2 F P ARBRR > & 2 P AR s E e o fRR
RN TR E:E' [RRBPTT 5o 355 B RAE B TR Bk R e i
REFNTHE TR o A3 F % & OIML R126: 2012 s 7 441 & fzmp >
PR WG HATE T > g R RE R e R TR R =
PRREEE DA SER BT R R e B e # 110 F 1 o

4, GrEEFLH
PR - S T g Rl r o & 2 R85 2 0 0% R R
FAKRE AHTRE T AHFRREF ML F RS R RET
BAEE o g b s D H R E P B E 5 KRG 2L TR
FHME P EPRE 2R 3 AN FF R Ft o FFREPHE RATS
PLEY A R R R 2 R R B ENERR PRAE o
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5. g4 ¥ ¢

AR B RBRAAF T AAR RN EG @S
s 12 2 LF TR o Flpt o P BB RP PR EE BT EF IR
ATRE A GC-MS > MERRE Y EAMKE A (LR ZEFEG B
= %4 » VOC) - T%ﬁr‘ £ end ks doi R 1 KRR
FERTPEFLP ZE o ABPEITEF PRAE SR EE R ERT
TR R TS 4#/fa)§mz«ﬂii4ﬁ Gl '“5‘?@«%#7}“ pid *
—iKTﬁqL,}ﬁ»f%wa;r,iﬂﬁt E TR BB HFA A LT - R
Faf ARENABmBEEAFEEFE R w:%up L
* GC-MS £ %+ VOCs it 7k & &~ 17 » FF o 7 #& bR p ™ % 4~ fB47 2
i FiE Rt E A VOCs 2 4 kit ¥ Tt IR T £ H R
N REFASBRFETL o

AP REPEFRRFLFEFPHERP BERSS TS £ K
FR AT REFTAEEE F8 (QAIQC) » 3t - FRA k2L H 7
RF > AT ER/REZ O D B PIFITIERG PRI o

EEFRPBERRSLSITLD D BRI RS RR
SR e HERE ST Ea BAASAF o AR AT 7 sk
BFEFHEERN F RS DR IRFEFEF MEFREAKR L
PR RE AT BUERARRE DI F ST DRERC EFRE

EEAESE S i

R A A A RE T2 F 42 (QAIQC) 2 7 et it &
M AT R WO RIEAR L G T R B 4L - S GC-MS P
BERET? X EANI ST REL - 0 ARG S THEERER Y LG

3 #E 4 (VOC) ehz & » 235 #E» B ERG R it 3t
HER 2 B PR S GC-MS shm [ h st % R
% R R (R R ) BT - REES 2 B E R
Ry HED AT PR GC-MShidil » T - HEiz H§
BIFFET A (TEPIERAE) o HHFEF (TR B B TAF & (7 ISO/IEC
17025: 2005 7 2% % g *TiE R L R RIETARR c A FE AL R 2 P Ok
MRBRGEZRAI A REPLEEDORNEE RS FER T GC-MS
ERIE TS > VL FIRRRELE S A o
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e L 302013 & 4 4741 % — 7 BCls 2 4% ¥g f 98 {748 %
WAL FRE S S HhFTE oM wdk b AT BCladn AT IS L F T
B FM R BClséﬁmisp Mp 2720245 Fdrq{prsT
ERN R S A R 4aﬁ%°&§ﬁw%ﬁé‘ g
E3k BClad ¥ f #p 7 B 2472 ¥ 714 B 5 R ¥4 4 BCla 4w 53
FHPAF L2252 7 N2rO2~CO~CO2-~CHs~HCI ~ 122 SiCly
£ Bp i REAH o No 2 O %17 GC-DID 5 LB A7 a
CO ~CO2~ CHs ~ HCI ~ 122 SiClg P #-F1* FTIR Sz ¢k e 3 B jiwit (7 2

£ 04 -

RN

SHFHOP e A 3D Xenon § WS R AT E o A AN
N2~ O2~Kr122 HO:2i7 28 4 45 - Xenon # ¥ 2 LED ®A4z¥ % * 2
F % T i7# Xenon § 8§ Hgsk 0 - #4560 Bar(50L) - Xenon
%fﬁiﬁ?ﬁifﬁﬁiﬂ‘é?ﬂofg# Shoom F RS R S BN 2 6N hip £ AZiE
309 b > AW LB L 100 FAT S o e BRSNS
e %W‘&fm?ﬁ WL RP AT Z N F A AT anEd]
PRpL TR S Xenon F R Flpt A HFZ B MR FEE - AT
ﬁﬁ’Ei%ﬁﬁﬁ?ik%P%%ﬂé%ﬁﬁéﬁ%%ﬁgw,a@
HN2~O2~Kr 2z HO 2=t o758 B 2473815 4R

-L,~L

1 AT A

IEFEFE RS I E TR E AR P TR ey
o T PR F M ORF 22 F 0 A AT H EITRF R TR 0 A
RIFE2 kiR F RE AT 0 RTA AT FRER YRGS F
PR F STy (B TR RIRERH T AR R ik FRT o HA
BB F REA S F P RF AR TER o A SR Rl
PR K40 P o RIS F R F AL ES 5
(Samplea 2 Sample x)#s #72% § 2. -k % k&~ W 5 4.4ppm % 9.3 ppm -
- WRHET § kF 7 £ 421 500 ppm 12+ e
9. e P

q,@{ *F ME SR LR T R (Good Manufacturing
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Practice » GMP) & 5 & & » # Frimmaer o FFMg LR

gl 2 o4 F e P AR ES ¥ 8 S E S ¢ 25 (TFDA) %"
AT O PN AP EAETOPREFYFF Y 2SS T Y
PSR RENFARGE NN A RR R R FE 2 2§ ERIE
W N AR M A E R e

10. Fy2 7
FTHIPRREEL T RGP LT AR L2 ok AT REL
GHER B ATFEGEHE RPN ¥ - 727 ISO/IEC 17025 : 2005
2Rk R R % FEERPH 2L P BN E AR
(o AP RRASFT B MR B RIRE R RET > RBEP FHA
¥erfEsT i wAREAEAE
11, #7154
20 P REFT R O HCL~ SO 14838 7 8 2 $75 4%

FR TR BB F T E I £ K NIST (National Institute of
Standards and Technology)* # # R % F &% % > %2 & F| P & # g2 &8
FHEZREPMERY T ERFFRZENHAG GRS EF
sip 4 0 ]t & F NML (National Measurement Laboratory) 5 8% i j4- 4% i
FH2ZERAITNA - 5 d 2Rl 2 R FMRERF T L
#HOCHAERERNTAEFRET R I G EE RS FMEAR D L E
RIRE > UAIA FRFER - R RO FELFR o

12. F 224 % FRw ok e (CEMS & P13 38555 )

SR FEN R R 0 oD ¢ R AR A 2 2 i §
Wy 7 A82 23 AZWﬁﬁ’ﬁ@*?MiEMSzﬂAQﬁ
PRAKE > PR R H ﬁﬂﬁ“&’ﬂw P R R
CEMS &t * {8 5 M2 kR RFEAFTL TR RERE IR o

AP ENE 2 F e RFRFTIR)  *0 % 227 3 % TRy IO 7
TALAREF AL REP T RRG(CEMS)R * 2 &0 F W73
TFFRREASITRIE S F - EHEBER Y 2 COINNy 47 45y 0 &
Sdrd L wAta o RS AL REERSERTIERRL S 19% -
oA RS CEMS E Rl R BEMAR R B h Aok ST 407
TREEHEEFMERERL F-02%-
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R HRRASITRIE PIAHIRER Y 2. COINO/SO2inN2 =

E-fEF i BFRRRKFEL T %

Sdod LR PR 4

#¢ 2 NO 22 SOz Ak B 22w k& 34 352 38 RRUTEM 34 )

(29%) CO % & kA A £ LF R -

2Lw P - X CEMSH#4¥iRrlkR A4
AL | ML WA R AT kB %k B W £ 73
CC186056 HO' SOz CO N | o - 56,0 ppm (+20)°1 | CO : (872.3+3.0) ppm 2 | 1.9%
2
Ll RRETREE S A AR (AR A AT )
2 AR i E RS (k=2) -
E3HRBERERREAERZ LR A AT
st 4 FTIR #% CO & 4 3k & 2 #4&*2(L.D.L) % 0.78 ppm
217 CEMSER A BERRKREL
A ¥L %% | CEMS R B Sk R I (g2 CEMS £l ER | #Hi 2
%z (cm) "t (ppm) (ppm)
CC186056 19.7 (+45%) | CO: (872.3+3.0) | CO: 171.8 | CO: 1714 -0.2 %
1D B O5% M kT o REE A TSR R R Tk R LR > TR E R B B e

ﬁﬁi’WWﬂpQ“%W°
T2 1R E 5 iR i 4 Hg(Si) &
T3 AL PIER &

;“ 2o JDJ;_T@—)); 2 \'—'g B o

» CEMS .;st%u_ kF T2 fcme CEMSBlER2Z £ 8 > UF At £

212 ¥z % CEMSHRF H¥HhrlER A+ 4
FLSEE| F A | 1R Ok A (ppm) | A T A (%)Y Rl B (ppm) | U P2 | A (%)
19269 NO 1729 2% 1639.1 449 5.2
SO, 407.6 2% 424.6 4.4 4.2
(6{0)] 848.5 2% 843.8 11.4 -0.6

1l R ETaEREA LSRR (T A ET)
E2IFAFETAE R E FF (k=2)

13. ¥+ 4 4 ¢ (CEMS* 87 HET &)

bt:,;\,;é—:;'gﬁﬁﬁ E!}"[]}g
%,fig\)fé fL Eﬁiﬁug—% * 7 *ﬂl_g.;ﬁ 1«: if’f#\i’? ﬁ?’% EL
TEALS L EHREDD

%%—k?*%fﬁ e £ B
. 2~10% 3% 3

PR RGRT L LR 2%
]]} Q‘L,;\ , i&ﬁ 10 %Jﬂz 3
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{g[1-86-1-40] , % gz » #1238 F L o 4+
PK"\ F%ﬁ “L%'!‘IL"
myq’ﬂﬂ¢17%%i%ﬁ$%k&¢ﬁ$

TEBRAEE

4 B Bh=x o A 4T % R TR



TR BN R(E L) B

B 5
B(® i A£)b 5 KiE36% # 7

66% > A 472k RAEFLIETERE BB TF
HCI 3o 4% 2 % 39842 1 R B 2 0k
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RF-Zi R Flie ¥ B F e CEMS 2RI EmA L LAPH 5 @
FOER VT BHNAEE T ERFAL PR RERF R Tl
E%ﬂﬁﬁﬁﬁ$iiF%’ﬁ rHEFER A F2 R EREALS
PR ARG o Fl e i DR Rk @%&w%a’%*w
MR F R g 2 e+ ’L*Fi«/@:f’# %?Eﬂ’iﬁ Rz FEEAR
Bl R REEAGAE A E YR
22 AP ARRFFES TR EREL
WU | ARATH A 7 kR A5 A R Rk B U2 i £ (%)
NO : 2707 ppm 2% 2797.4 ppm 25.0 ppm 3.3
NO, SO, CO X
5596 in N, SO, @ 1921 ppm +2% 1926.7 ppm 9.1 ppm 0.3
CO : 1884 ppm 2% 1905.8 ppm 5.4 ppm 1.2
13533 02 in N2 0,:20.9% +1% 20.94 % 0.05 % 0.2
7511 HClin N, HCI : 1892 ppm +2% 641.5 ppm 22.9 ppm -66.1
NO : 3009 ppm 2% 3050.4 ppm 27.4 ppm 1.4
10733 :\r']?\'lz 502 €O | o5, : 1447 ppm £2% 1455.9 ppm 4.4 ppm 0.6
CO : 1055 ppm 2% 1055.6 ppm 8.5 ppm 0.1
9460 0, in N2 0, : 21.08 % +1% 21.1% 0.08 % 0.1
4517 HCl in N HCI : 831ppm 2% 772.8 ppm 41.2 ppm -7.0
NO : 2803 ppm +2% 2946.5 ppm 26.6 ppm 5.1
9149732 :\r']?\iz 502 €O o0, : 1229 ppm +2% 1222.5 ppm 4.3 ppm 05
CO : 1256 ppm 2% 1253.1 ppm 7.8 ppm -0.2
2004 02 in N2 0;:21.04% 1% 21.02 % 0.09 % -0.1
123133 HCl in N, HCI : 1361 ppm +2% 1210.9 ppm 63.5 ppm -11.0
NO : 263 ppm 2% 265.9 ppm 4.2 ppm 11
143733 | N0 592 €O 50,2 1711 ppm £2% 170.6 ppm 1.1 ppm 0.3
2
CO : 170.8 ppm +2% 169.9 ppm 1.8 ppm 05
5093 HCl in N, HCI : 179.6 ppm +2% 244.7 ppm 14.9 ppm 36.2
9152404 | NOinN; NO : 2145 ppm 2% 2115.9 ppm 8.4 ppm -1.4
4137 SOz in N2 SO, : 1746 ppm 2% 1750.0 ppm 13 ppm 0.2
3615 COIn N CO : 1649 ppm 2% 1646.7 ppm 15.5 ppm -0.1
8593 0, in Ny 0, : 20.96 % +1% 21.02 % 0.05 % 0.3
5560 HCI in N2 HCI : 1385 ppm +2% 564.2 ppm 19.7 ppm -59.3
L RART RECE R A AT R (AR A AT )
2 HpAd AU S 2 EHRE AR U)SEE RS (K)o AR 2 AR (U) B & 9596 sk
BT 5 &%k F F|F k=2 kI E o
A3 RBIERE RRETERZALR UF AV AT o




AL rERBIFEAIRIGREL | (FHBA LK)
BEPY | BEAR | 2 7 #pet eng £ HATRT AL
102.03.08 h & 2 B op ek | 1 & & SioCle % B & 47 20 & Pl PRI L8 5 gl

>3 P |2 FF F4 T SIClLa ® 2 vtk TR
102.0320 | @iz | HEARE | BHRLFP A AP AR A fR 0P | T3 %D
AP | B & F H(480 2 7)) A H P 2 Nor O
CO,~CO~THC - H,O ~Hyit {7 T & & 47 o
102.04.15 [ ¥ FfoRAHE | REF FAFhTEA s BliFF | WU ¥
W £ TFDA 2
102.05.12 | 2% | EALEM | freFRET ARAREKRR D KRS A
F @ | SOx:5ppb 2T ~NOx:5ppb 127122 THC :
100 ppb 2 7®
102.06.05 &Y g T FEH G NHs 4 & & 47 » 12 fd = & sop FE £ i ?
[NEAN S LA
102.06.14 &Y iéﬁ;‘/‘q‘:? ziﬁﬁé_i:/#hq.iﬁd“’ 1A Jﬁ'fﬂﬁFﬁZ’ AHan kD
a o3 F 2RI, T BT L Tppm e
102.06.18 EE G SGS W P74 5% e local scrubber (s R B) ¢ & F S A 1T
S AR T
102.07.05 hEm | REARKIK | F AR ERED FHERD
e P
102.07.24 Ham | ZBFAR | Xe? o7 B A PR
g P
2013/8/18 | ExF | = HFAML [ Xed g2 Bp A PR
PFa s
102.09.04 R Yra LHEHY |He B A+
jraa
102.10.17 & 5 1 o FL Fli¢ % 2. BCLadh#Tf Wi & A F4f 2 F0 3
£ BCLa4h ¥ f M2 5 B A 47 H s es o
102.10.18 R B¢ HEIT | N2t ZE<70> 02=10 ppm ; CoHy @ %4 & & 47
(LS
1021028 | % &3 | 2 EAPOL | 4% HoNy~ 1.2% He/Np 2 )k & 22 7 54 47 &> 45
3 2 [ 4%HIN2? 4 Ar~THC-~CO-~CO2> 1.2%
He/N, # 4 © Ar~ THC ~ CO ~ CO; ~ H,O ~
0]
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214 P 2ERBFFARBAEL I (FHERBRPIRRE)
REPH | BRAR | 2 it g R B AR
102.02.19 [ ¥ FTE] 5 5L THRZorH R RFEE AR MR | B e
4 s BR(p M0 )RR AT B e
102.02.21 | #z# | gLz @3 Bef RSER B AR G S NRE | L EAe
e
102.03.05 2EE | ZiBs 1 F REA LR R B F R
CO 3.5%+ CO, 5.5%+CsHs 1.0 %/N;.
CO 5.0%+ CO; 10.0%+CsHs 1.5 %/N;.
CO 5.0%+ CO, 10.0% + CsHg 1.5 %/N,.
CO 7.0%+ CO; 14.0% + C3Hg 2.0 %/N,.
CO 95%+ CO, 16.0% + C3Hg 2.5 %N..
C0O,/N216.0% 10 % ~ CO 10.0 %/N;.C3Hs /N,
1.0 %, 4.0 %, 5.0 %
102.03.06 K - #& = Fabl4 E N AP E R %"‘1'}%‘/‘? e B | LupE 5
PIARE | SEEEE AT ERARBE] B puawn
BT 50 0 30 F RE- s Behs 73K
a4 0 4o IPA, Acetone,
CxFy, PGME, PGMEA, ¢ fic fig % -
102.03.07 | % ¥ s oy | L R ARFWAIURRRIIRIE 2. TR | &Rk
4an g GCHR®F a2 &% ~ 5 s % ki
102.03.28 T ER L p &R EWR > | 1% 1000 ppm CHJ/air § #84% ¥k & %7 i P 22 A 45
4 R
102.04.18 | #lp | 273 % # t9ox | 10 ppm SO/N2 f 84k ¥k & %% F B R
>3
102.05.06 e | ATy ik x| CO~CONy f #sw ¥k Rz ¢ CO k
s P & % 100 ppm~ CO2z ik & 5 300 ppm > #2385
8w g3 NIST(3 & Tt #riz 4)
102.07.03 | 362 % | #m1 £ | CO2 & Arif £ (5 ehf M 4| &% 5 50% 3
Fraaa Gl
102.07.04 | ki | P 2 4Esks M | SYLF Wk A% > 1200 ppm CoHe/Air ~ 4 %
CO/IN; ~ (8+16+2.2 £2 8+12+2.4)
%CO+CO,+CsHsg/N2
102.09.23 | #®z % | B L % & ﬁﬁwfﬁ%W%&1$W¢ﬁ’&wﬁ%
b7 I NE W33 R MUAAS S
102.09.23 | #23% |pxap FRpEERPREEW RN F o A

HiatkBlS B2 REREEDE 57 gk
K& oppb #5)e BAR L AR E O P HRRl
Rl R
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F =

P E zﬁ#%’f&;’armz-;zgi N (REBEREERHTWE)

s p BE LR it eng R

102.03.15 32 EE AFFFET | & FHA & CO: 0-4000 ppm ; NO; : 0-1000 ppm ;
LA SO; : 0-4000 ppm ;

102.03.19 2 EZ B&REPF L VOC RERDE - B7 % in 4§ o 24 kR& 4800 ppb
A

102.03.28 SE 2 4 BRI P | F 4 %1% B (HCI detector) HCI @ 0 - 15 ppm
3 d

102.03.28 E 2 E BRSO | 4 F PR & > Helair )k & § & : 0.1-10000 ppm
3R

102.03.28 2 £3 Bk Ha? | RIFES TG RIE - kR R 0-5ppm

102.03.29 SRR RPFHRFT |t AFHEPEOREI 2 A ES S REFHE
E3

102.04.10 SE 2 4 cRATF PR | ek § F FRIK 10 & 0 fer R 0-2000 ppm - - T gk
R AR

102.04.16 SE2 4 S CO iRl Benfe 2 Wi A REFHZ

102.04.26 ih % 2 T ks> | TAF K RERIRET %3 i
e}; LA

102.05.22 5E 2, Bk oF | RIERILT T R R
)

102.06.10 SEE RipF sy |Lo g di1idde - PR P gdz? "HER
Fof Bebdr ¢ | DR R S HRE R 4 G R 0 F Y d S
< PR R e 4 2 EEAD (1) 7 Jﬁ‘ff R B ek

A (2 RE ket o3 TR N RE AT
iﬂ*%gﬁﬁﬁﬁvﬁmgﬁagw%$ﬁﬁ;}m?
Frald o ¥ UMERBI - TARAF T AEp B
HEEF F° ﬁk&@*wl??%&UT%’gi%
ARTEAEEEY -

102.06.25 xR AAFRER | ZBREPRIBR R TR RR FAnToE s 1
g2 e | A R (0GEL) DA RT E A 7RI AR PF
Fogsad | F-BgragdFF 20 F 1 CO-NO-~SO, 22 HCI

L

102.07.02 BERg | JIAF 2D | TR TR ERE RS TR

102.07.16 T EE PEE AT | AR G R %]‘\k}i%lﬁ;

b S 1. CO: 100 ppm 2™ ; 2, CO2: 2000 ppm 12 7®

102.07.24 T EE BRI | & BRIEREF R REORE 85 200ppm % 500ppm
Fra P +2%

102.08.09 B | WHLHLD | I ERETAF SRR Y
3 E
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102.08.16 T EE RLRFF | REFHFFORE - 3 HFR AR BRI 5 F

102.08.23 FER AR EA R | B A AR ERR B LI R 50 %
>3 R P eg ol 5025 F WRIE 209%F F 04 S(SEP P W
Ao ad | TG OHIRD)

102.09.03 £ AR EAH | e A AR BRR B LIFE R 50 %
B F ool 25 F BB 209%F § 05 AR 0
R O F % E G OH N IRGR)

102.10.08 2L | ERE F1CO, M| Berp Bl RIZ AL L HEN > EREF LY
(http://gdetw. | ¢hdq= k3§ 3t m 45 b o BRI E FAeT CO2 1R E e iR
myweb.hinet.n | 5000 ppm 12 T o ik SR TR § X Ak TR 0 At
et/) B FY & Fv\r‘ﬁ /F"]ﬁDL\LGI’K (==

102.10.24 g | ZERS 10 ppm 2 T HF i ] & ip 2k

102.11.08 ZEF | BRI | T ABREEABIRRE (AN L3004 B
Fraa s i 31 3*10°)

102.11.11 FER ORI A v oA R B

2oL - I 2ERBIHHRBALEL IV(RESTFTI N
Ippigﬂﬂ lr-vjllL ﬁ AR H et Fﬁ%’ * Poay i M) Aﬁj}_s
102.03.22 3£ | FAEPH TO-14VOC A X7 A s 2 & | HH kB
&5 % (2 % ~acetone % EEORR NS 200 | ¥
ppb 12 7)

102.07.02 g | JlAFRad | TR TR R ERE VARG R R IL T cosmos

102.07.03 L AfrE RN | REFHT R S8 bf’,k)izpﬂ%]%
3R E NIEA722 #75+ » % 5 VOCs # %

102.07.03 EE G ARR S B A% | R85 48 C4Hio > CsHaz ~ i-CaHio ~ CaHs
177\4}1 LA n-CsHi/He( = EREDS ppm) ; CO ~

CO;~Ns~ 0Oy~ CHy4 ~ CzHe/He(‘S\; A /E%}i
% 1 ppm)
102.08.01 R FIAFT 2R | JIAFZRP o fgdeew ¥ R0 5 18 R AR
tap (CO+CH4+O,+H,S/NR) 2 2 0.05 ppm 1T | 7
79'21")‘#‘;—_% o@ll‘t’ @ll"‘%’gﬁ%?f$%:_§'_
102.10.21 EE AL F B HEFHT £ 1%CHdar & 1% FA L ANE
#R Y % CHa/N2 (Ure < 1 %)
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%=L

R RP AT (S

R BFRNMLE R §2 1 $RB3E)

FHFPRFE P )

153 L

FFPRIEPN B

102.10.03 ZARF WG LD P 4 %mol/mol £ 5 %mol/mol CsHs in N2 Jk /& % 7%
102.0807 |MEE A S FT5FBEA 4 | HCl F 88k B -8 sy
102.02.27 LHRBRLFT AP o F R ER R
102.09.04 R e A I 5 F W R B
102.01-05 | 1 Al v 1 7§ 1 BRI ERIER ~ FBAHY TP TR
102.05.21 SRR G NP FOREA R R R
102.06.28 e R N P FRA B R
102.08.05 RS R VAR F MR R A ATREE-ZEA Tt s o R 245 R A 177273
102.06.03 Aroh ik F WO P FOHE R AT RE- 0 2 F e b R R A 4702
102.08.07 SR Epr g AP FFARRR
102.10.17 e il R P FFAPREBHR
102.03.06 e e FFARER
102.07.09 TR AP FF AP REBHR
102.03.18 FHRRERPG AP FAMRIEBEK
102.09.04 | B ET F G AN P 5 0RERR
102.05.08 SRPrEEF IR ﬂsz»—? & 3T R R
102.01-06 Sk S § ARSI
102.09-10 | - 3 fplF 1@ ﬂszs? > T R
102.01-11 SHIEXRERRFF AP ﬂfzs? S TR R K
102.09.04 AR AP UTE TR ¥ A1 R
102.06.05 SETA NG AP iy A TR
102.03-11 | # S %1 £% g A @ weE A 47 % %30 # 1
102.09.04 Epd G nesg g eF ik
102.01.30 | FTUEI K FRMAHR D P IR
102.04.01 ToEAEp PG AP FR
102.02.26 EAHLNF AP HeE AR
102.06.26 B AHELF AP HeE AR
102.10.15 MEATH L g e @ eE A5k
102.11.14 I A I ey AR
102.04-05 Vo Edg ~SGSCATERIEA h (BB Er HEF IR
102.06-07 FRFERRF AP P AL A 4T
102.06-07 | P fL RIFFF B 3 B HT
102.08 FERB A H PBDES :* # & i L jiF
102.10.03 | SGS/Htk/4 8 ~ 177 % % ROHS # ) % ¥ = % ~ & 54§ ch CRM
102.06-07 BRELEE BRI EY @ ER: SO Y S WA F P -
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A field study at natural gas dispatch stations
was performed by CMS/ITRI to realize how
purity of carrier gas helium and quality of
calibration standard gas mixtures affect the
accuracy of online GC-TCD measurement
systems. It was found by field service staffs
that the monitored heat values of natural gas
decreased after gas supplying system
switching to the different source of carrier
gases. As a result, we found that the N2
content in carrier gas will interfere with the
performance of online GC-TCD measurement
systems. After the cause-and-effect analysis,
CMS/ITRI proposed a quality control strategy
about how to check the quality of carrier gas
for over 20 of the natural gas dispatch stations
and successfully controlled the relative
permissible error of monitored heat values
within the customer acceptable range.
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Case Study: Effect of Carrier Gas Purity

on the Performance of GC System
Applied for Natural Gas Analysis

Lin, Tsai-Yin
tsaiyin@itri.org.tw
Center for Measurement Standard, Industrial Technology
Research Institute, Taiwan

4 e 01

Objectives

» Introduction

« Purity analysis of carrier gas in Lab

» On-site testing on heating value of natural gas
» Recertification of calibration gas mixtures

» On-site testing for the accuracy of on-line GC
performance

e Discussion and Conclusions

N
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Introduction

« The joint project between Taiwan CPC and ITRI since 2010

Calibration |/

.xt “ | — -
gas mixtures | |] GC system
P — Confroler
(He)
Filter

ITRI ¢
f Industrial Technology | @
Research Institute

|
On-site testing on heating value of natural gas

The effect of carrier gas purity

O1SO 6974-4. 2000
v Helium carrier gas, > 99.99 % pure.
0 1S0O 6974-3: 2000

v Argon carrier gas, > 99.99 % pure, free from
oxygen and water.

ITRI

f Industrial Technology
Research Institute

46 ,
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Purity analysis of carrier gas in lab

Target compound: Nz_in He

Sample to be analyzed Cylinder
( pure Helium) Number
CPC 1 9369

Industrial Technology | 4@ 07
Research Institute

AnaIyS|s of carrier gas purity in lab
Target compound: N, in He

Reference Material Cylinder Number | Producer p LA of Expiration
reparation
Synthetic natural gas D248640 VSL 2011/03/30 2014/03/30
( PRM with 3997 ppm N, )

Date: 2011/06/22  |Sismal

§ '\ i 2)Tc028, Back ...-INHEOD0001.0) ¥ 2|2
L) s . S

$22N2-IN-HE000001.0)

CERTIFICATE j 5

Number 3221615.01 § 8
Page 2 of 2

34528

Certified material several components in methane VSL
248640

vsL vsL vsL

Amount fraction c""‘['"':',::o" :’,,'::‘u::“" ._CH
| 9a44x107 | 0.18 x10° N— *
soaz <162 | 0012 u
05008 x 10" | 00025 x
4002 x 10 | 0.0020 x
‘ o 358 07| 00020 x 1o

- -— .
CH, CH, N—] CH,

N N—

G004 w16 | 00008 3 1o
00993 x 107 | 0.0008 x 10°* N— N> Ny=—

0.1009 x 10*

0.0501 x 107 | 53&’.@ x 13' Sample: Sample: Sample]

f Industrial Technology
Research Institute




Analysis of carrier gas purity in lab
Target compound: N, in He

Preparation of N, in He gas mixtures for verification of He purity in varied samples

Reference Material )
) : Cylinder Number

(Gravimetric value)
(29990+ 20) ppm No/He CALO13015
(4969.1+ 3.6) ppm N./He FF7630
(998.8 + 2.5) ppm N./He FF8886
(300.2 + 1.9) ppm N,/He FF8869
(29.9 £ 2.5) ppm N,/He CAL013883

ITRI

f Industrial Technology
Research Institute

4o

Analysis of carrier gas purity in Iab
Target compound: O, in He

Preparation of O, in He gas mixtures for verification of He purity in varied samples

Reference Material

Cylinder Numb
(Gravimetric value) bt

(30093 + 19 ) ppm O,/He CAL013004
(5012.6 + 4.4 ) ppm N,/He CAL013009
(1000.5 + 2.4 ) ppm N,/He FF28563

'*?"“

we ' e

TR

f Industrial Technology
Research Institute
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LOQ of O, using GC-TCD and in-house RMs

Cylinder Cone. Peak area Average RSD 1 Loq
number (ppm) o (%) | (ppm)

FF28563 | 1000.5 |168.2| 1688 | 168.1 | 168.1 | 168.2 | 168.3 0.18 18

LOQ (Limit of Quantitation)
=10 * RSD (Relative Standard Deviation), % * Concentration of in-house RM

=10*0.18 % * 1000.5
=18

LOQ of N, using GC-TCD and in-house RMs

Cylinder Conc. Peak area Average RSD LOQ
number (ppm) ° (%) | (ppm)
N, |FFssse 998.8 | 107.7 [107.8 |107.4 | 107.4 | 107.5 107.6 0.17 17

LOQ (Limit of Quantitation)
=10 * RSD (Relative Standard Deviation), % * Concentration of in-house RM

=10*0.17 % * 998.8
=17

® With the same idea, we also do LOQ for CO, CO,, CH, using GC-TCD.
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Analysis of carrier gas purity in lab

Sample to be analyzed (Helium) Cylinder Number
CPC 1 9369
CPC 2 9441
CPC3 9365

ITRI

Industrial Technology
Research Institute

40

~

Results

B |n this study, the concentration of N,, O,, CO, CO,, CH, in pure Helium
were determined using GC-TCD.

B Three sites delivered cylinders with pure Helium to ITRI for purity analysis.

Concentration
N> (o]} COs5 CO CH,
LOQ (17 ppm) | (18 ppm) [ (12 ppm) | (31 ppm) | (14 ppm)

Cylinder
number

Estimated purity,

Site
cmol/mol

Concentation, cmol/mol

CPC2 9441 0.013 ND ND ND ND [ 99.987 |>99.95

CPC 3 9365 0.674 | 0.078 ND ND ND | 99.248 |<99.95

CPC1 9369 0.408 ND ND ND ND | 99.592 | <99.95

ND: Not Detected (the signal is lower than the estimated LOQ in this system)
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2013 11 APMP/TCQM GAWG Workshop
11-13 September 2013

Sheraton Taipei Hotel, Taiwan

Industrial Technelogy
Research Institute
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Industrial Technology
Research Institute

Program

Day One Wednesday, 11 September 2013

‘ 09:00~09:30 ‘ Registration/coffee & tea

TRE MR

Industrial Technology
Research Institute

Special poster session on 11 September 2013, 14:40-15:20

Authors Title

A1l | Shinji Uehara, Tomoe Nishino Introduction of the Japan Calibration
(Chemical Evaluation and Research Institute, Service System
Japan (CERI))

A2 | Chang, Chun-Ling; Assay and certification of gaseous
(Center for Measurement Standards, Industrial calibration standards for CEM systems (SO,
Technology Research Institute (CMS/ITRI)) & NO)

A3 | Dong Min Moon, Jeong Sik Lim, Jin Bok Lee, Development of the primary standards of
Miyeon Park, A-rang Lim, Jeong Soon Lee SFg at ambient levels
(Center for Gas Metrology, Korea Research
Institute of Standards and Science (KRISS))

A4 | Hsu, I-Hsiang Purity analysis of CF; for DRAM industry
(Center for Measurement Standards, Industrial
Technology Research Institute (CMS/ITRI))

A5 | Hsu, I-Hsiang; Lin, Tsai-Yin; Lin, Cheng-Han Purity analysis of Xe for lighting industry
(Center for Measurement Standards, Industrial
Technology Research Institute (CMS/ITRI))

A6 | Byung Moon Kim, Sang Hyub Oh, Namgoo Kang Estimation of volume changes in highly
(Korea Research Institute of Standards and pressurized gas cylinders by an indirect
Science(KRISS)) measurement method

A7 | Huang, Chiung-Kun; Lin, Tsai-Yin; Cheng, International comparison for carbon
Jui-Hsiang dioxide in nitrogen: EURO.QM-S5 / 1166 &
(Center for Measurement Standards, Industrial APMP-QM.54
Technology Research Institute (CMS/ITRI))

A8 | Huang, Chiung-Kun; Cheng, Jui-Hsiang Natural gas analysis: system validation of
(Center for Measurement Standards, Industrial on-line GCs using certified gas mixtures
Technology Research Institute (CMS/ITRI))

2013 11" APMP/TCQM GAWG Workshop
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National Metrology Institute of Japan

For obtaining reliable
measurement results of trace

moisture in gases

Hisashi ABE
Humidity Standards Section
National Metrology Institute of Japan(NMUJ), AIST

1

National Institute of Advanced Industrial Science and Technelogy (AIST)

Mational Metrology Institute of Japan

Calibration service in Japan

Trace Low Normal High
moisture humidity humidity humidity

I T
Frost/dew 1 T — LI

point -100°C 7580 -10°C +23°C +95 °C

Mole fraction 1450pb 1 ppin 3% 28% 84 %
(@101 325 Pa)

The project of developing trace moisture standard was
initiated in 2001. The calibration service in this range

started in 2007.
9.

Mational Institute of Advanced Industrial Seience and Technolegy (AIST)
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AIST

N National Metrology Institute of Japan

Need of reliable measurement
results of trace moisture in gases

Great demand comes mainly from semiconductor industry

Effect of residual moisture
on EL intensity of LED

1.2

QT

06

£
T
1 1L} ILIH
HAr comeentration in NH, (pphi

1K)

Kobayashi et. al., Taiyo-Nissan, TR,No.26 {2007)

EL intensity decreases with
increasing the residual
moisture.

AIST

International Technology Roadmap for
Semiconductors (ITRS) reported that
residual moisture in high-purity gases
must be reduced less than 1 pmol/mol
(ppm)

The measured value of trace moisture
varies with instrument used, even if
the measurement is performed under
the same conditions — Calibration is
needed!

Trace moisture standard (<1 ppm)
is needed to perform calibration!

3

Mational institute of Advanced Industrial Science and Technology (AIST)

National Metrology Institute of Japan

Trace moisture generator
based on diffusion tube method

I9SS8A  agqm uoisnyig

moisture
—

|I20 uoisnyig
1020 3 & 50 6o 10 80 %0 |00

12 nmol/mol (ppb) — 1.2 pmol/mol (ppm) ,

National Institute of Advanced Industrial Science and Technology (AIST)
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AIST

N National Metrology Institute of Japan

1. Measurement of evaporation rate

AIST

(0-C)/ng

Mass difference /ug

Temperature:(25.84+0.02) °C
Pressure:(149.97+0.01) kPa

National institute of Advanced Industrial Science and Technology (AIST)

National Metrology Institute of Japan

2. Measurement of flow rate

CFVN1-6

(0.16 cm-0.43 cm)

P1: ~ 650 kPa
P2: ~ 200 kPa

Flow measurement/
control unit

=
T
7l ] &

Multi sonic nozzle flow measurement/control system

Relative standard uncertainty 0.18%

6

National Institute of Advanced Industrial Science and Technology (AIST)
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AIST

3. Measurement of trace moisture

Cavity Ring-Down Spectroscopy(CRDS)

R>0 9999 R>0 9999 A. O’Keefe and D. A. G. Deacon, Rev. Sci. Instrum. 59, 2544 (1988).

llllllllllll> —-

Intensity

Without
absorption
With
absorption

Time

[(t)=I,exp(—t/7)=I1,exp(—t /Ty —0ONct)

Io: Intensity of incident light f: Time

I(7): Intensity of transmitted light at ¢ 7: Ring-down time

o: Absorption cross-section 7o: Ring-down time for empty cavity
N: Number density c: Speed of light

A EEAER TS TR

AIST

Time response and stability

-
)
=
&
£
=
S
S
=
)
%
2
g
-

T e A, EEEER TRE S EREERR
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Afsr M National Metrology Institute of Japan

Amount fraction of water : Xw mol/mol)

N: Molar evaporation rate of water
N+ N, + Fx, (molih)

Np: Moisture that moves by

X =
W
N + Nb + F+ E.be adsorption/desorption per unit

time (mol/h)

N N xp: Amount fraction of residual
PO ST IS 1T + rl moisture in dry gas (mol/mol)
: . Ay

F f‘ F : Molar flow rate of dry gas (mol/h)

9

Mational Institute of Advanced Industrial Science and Technology (AIST)

A’sr N National Metrology Institute of Japan

Calibration and Measurement
Capability (CMC)
Xw (nominal) 12.00 50.0 100.0 500.0 1200
u(_'N_)/F 0172 0.715 0.383 1.917 4.60
u(F)N/FZ 0.024 0.099 0.198 0.990 2.38
u(xn) 0.300 0.300 0.300 0.300 0.300
u(Nb)/F 0.014 0.060 0.021 0.105 0.252
u(xpur) 0.264 0.416 0.616 2.218 5.020
Ue(Xw) 0.436 0.887 0.810 3.110 7.222
U (k=2) 087 1.8 1.6 6.2 14

J All entries are given in nmol/mol unit.
71.3% 10

Mational Instituts of Advanced Industrial Seienee and Technology (AIST)
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AIST N National Metrology Institute of Japan

Inter-comparison (pilot comparison)

o NIST1 e NIST2
A PIB m NPL

Relative degree of equivalence/%

#Drift of transfer standard could be ignored compared with uncertainties.
¥All results presented here are comparable within uncertainties.

P. J. Brewer et al., NPL REPORT AS 59 (2011). 11

Mational Institute of Advanced Industrial Science and Technology (AIST)

Chilled Mirror Hygrometers

Company A Company B

— Std — Sud
—— Obs —— Obs

Lower limit of measurement range specified in catalogs was frost
e §] _
point of -100 °C (14 ppb) or less.
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Conventional Al:03 Capacitive Sensors

Lower limit of measurement range specified in catalogs was [rost
point of -100 *C (14 ppb) or less.

AIST N National Metrology Institute of Japan

Summary

®NMIJ established trace-moisture standard in nitrogen using
diffusion-tube method. Comparability with other NMls
(NIST, NPL, PTB) within uncertainties was confirmed
through international comparison.

®Using this standard, it was found that CRDS based
analyzers have excellent performance. In contrast, it
appears that many of trace-moisture analyzers that
commonly and conventionally used do not meet their
specifications in the low range (<100 ppb).

®Performance test and calibration of measuring instruments
on the basis of reliable standard is absolutely necessary to

obtain reliable measurement results. 15
>

National institute of Advanced Industrial Science and Technology (AIST)
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