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« EGA/MS &4: Polystyrene 241 Al, T, 2=0il CHet %RSD:<0.3% (Detector: MS or FID)
« Py/GC-MS 24 Polystyrene 244 A|, SSS(E2|H)/S(Z2MH): %RSD: =2%  (Detector: MS)

Reproducibility of EGA thermogram Reproducibility of peak area ratio

Py: 100 — 600°C (20°C/min), PS: 30pg, Split ratio: 1/50 Py: 550°C, PS: 10ug,5plit ratio: 1/100
4 Peak top temperature (°C) N é Peak area ratio (S55/ S) M
' 438.10 | ( 1.034
437.52 1.011
1.031
437.42 1038
438.08 1.034
437.04 Styrene Average
437.54 1 (Saturate peal) . 1030 J trimer
437.18 : RSD: 1.04% (5SS)
Average 437.55 |
RSD: 0.093% | Methyl
dimer
(58)
TIC ;
e TIC |
300 w00 500°C — . - - om
min
o AN /
A
2" 4.2 N2H THR 2H(Carry-Over) 2|28}
I}O| S2+0| X2t GCO| AE{T|O|AL| Ot HAZ A|AH TR QH S XA} SIAGLICE DL Frontier LaboilA
356H= Ultra ALLOY® metal capillary 24 ZZ 2 Fused silica ZEECH LEXN LS 44 0|4 E otH M2

50°Colg ¢t 24 A E WS Lt

’ Pyrogram of polyethylene at 600 ‘ PY/GC ITF Union

Cao c50 Conventional

A Model Of An Ultra ALLOY®
Capillary Column
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U Z[cH 407H O] Ae| A2 HME|7t 7S EILICE (Py-GC/MS % EGA/MS 24 A, Furnace heating/cooling Z2t)

EGA/PY-3030D — cycle time: 40 minfround
P

'C Analysis  Cooling
600 ] zﬁmTf 2iiif ,’/I f;l ,"’1
1 /0 /| /| /|
300+ EDjCa'min || I,:‘f I| ';f || ;;; I|
1/ I'. f" I|I f/ l'. / I|I /
40 1 /' . Ik, I:‘ . ,I\k‘— ,’I . I'\_\_If . ,I\k“— / ,
0 30 60 90 120 150 min

N\

° 4.4 71 G Cigst 2 HE 7t

oIr

42+10 ~1050°C (1°C 2t&) [ 2P| <+0.1°C/ Max. 600°C/min /[ §2 Y HIS2(2E Z2124Y) 7Is

(=)
2X 222 £2 229 S|E2 XIRHSIAIA W2 A2 2tol|(<20m Sec) 281El PyrolyzerS Zol|A £2|
Em, MSZ ZZ. ZHoHst WO X O A|2 MEto| HEE E&3t0] QCOA 8.

(1) Single-Shot Pyrolysis (z=7+ S&¢dl, Ijo|E2t0| X2 7tE 7| 25X 2l 7|5)
)

I

(2) Evolved Gas Analysis (M A|Zt 3|2 kA
: IO Z2t0| X &20]| et 2 E 3y

(3) Double-Shot Analysis (ZEH4H/Z 24 7ts)
SHLES| AR E 71X X 20| FEEE = dES(EH, 22|10, #¥ItH|, 2= S)0 thet I 20tE 12
S A 0(TD Step), TEA HMS QI3 Pyrograme 2= (Py Step) EMS HAXOZ Lullst= 7|

(4) Multi-Shot Analysis (25 77H8 HE|JMOIE T £2, 748 Z2ist 2ai7|H)

< O~ —
LEGA/MS 241 2Tt LIEt 7218 S20IET14S H4HOZ 9128 4 Uk 97| MR 240 7hs Y2ist 7|

% (2), (3), (4)= 25 Frontier-Lab ZE[4F T}O| E2t0| X 20| T 4= A= SAHEQ EA7|HO = EfALS F
| —
=)

), (4)= %|5| = ZBO| T2 X2t MSDS| 2SI Venting

e i
OE —
o= ¢4 20| 7}

ar —,—

x|
AHS 1ete 4= A i3 E Vent-Free GC/MS Adapter®| At
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7. 4.6 TE|A Djo| 2at0| 2| Chorst M2y

Frontier-Lab ZE|A THO|Z2t0| K= BE Hefo| 7] AIZ(7IH, A4, TH)2| 242} 0i2f 74X SE(TD Tubet,
HHS FEG, FEH)S S 4 YUt TS YB2ES HQstD YALIT

Applications

OHA}F A 1.
e DR U AT AR
(2) HE4H/HE|X MEY
(3) 22te!l TD FE M=z CH7|& VOCs 24
(4) 22t0I OIO| AR BHS MZ3|  uHS FEY ex)LIYR XA
== (5) 2221 0fo| 22 UV MEF it} S (Z =)
. . | I
@ Liquid sampler / | ®uv sampler
@ Double-Shot sampler / ]
New @3 TD sampler
New @ On-line micro reaction sampler
A Micro-UV Irradiator with on-line UV sampler (Optional)
Multi-shot pyrolyzer Optical fiber cable
\ ’_N UV light source
-3¢ Xe arc lamp (with Hg)
(280- 450nm)
0‘ ‘Q/ Heating furnace !
Flow switching —— Sample cup \IHIHIH‘
valve — - . 1l
s Separation cplumn ||H”|H
Air
Liquid nitrogen GC oven MS
Sampling and fitting with UV sampler Volatile products by photo, thermal, and oxidative
) degradation of representative polymers
protection UV irradiation at 60°C for 1-3 hr, Air carrier gas: 10 mi/min, Split ratio: 1/10
' UV sampler : PS (20 pg) . 2 3 iso-PP(120ug)
ER 28 = :
UV sample cup 1z R 2 ‘ ;% 2: : E
i H | 8 = A Ed o
UV:ON(1h) H | . f VAR [
| Sampling | ™ ~w‘«%ik 72 0 O - Y U N
S UVLOFF{(1h) u\mppm,l‘- -
[ Powder [ solution | m b J‘ - — /D e 3
ug
HDPE (100 ug) PG (10 ug)

caan
Gina

Bisphenol A

cra
o ",
o y
Polystyrene (PS) film; UV:ON (3h) :.I_:_lﬁDN(m) ‘
4pL of 5 pg/uL PS solution I8 u ! =
(CH2CL2) injected and dried. The I i

film thickness is ca. a few pm. B‘ Insert a cup gently into UV:OFF(1h)|

% UV:OFF(3h| i | ITD | :
a head of protection tube /T b b - B RN

s 10mn
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F-Search= Search EngineS 7|2 AZEQ|0 2 2[LIIARMZANE JHX| 1 DEXE M dst= EGA-MS18B, &€
2ol M Lozl mo|2 % TA|IE 74X 2 DEXE H 5= PyGC-MS18B, IHO| 2 I 0| A LIEH 7HE M3
(Pyrolyzate)2| HMut s pyrolyzateE &g £ Ql= Candidate Z2|H7HX| 223 = Pyrolyzate-MS18B2}
Nist/Wiley library0ll ZZet=|X| @t 48 TEX MI7bA|0f CHeh H|O|E{H[0| ATt 715 5|07l ADD-MS16E 20| H 2

'IQI'

&
2|2 Y= USLICE S AF2XL 1R 2| User libraryE #=510 &8Y 4= J&LICH

Analysis targets, Analytical Techniques, and Libraries for F-Search System

<Local / precision analysis with GC/MS>
Unknown sample

Double-Shot GC/MS:analysis
x 'Y

Volatiles and non-volatiles Additives (volatile) Polymers (non-volatile) ?Polymer pyrolyzates (non-volatile)

<Simple thermal analysis>

Analysis targets

~N

Analytical techniques

Thermal desorption (TD) Pyrolysis (Py) / Thermally assisted hydrolysis and

Evolved gas analysis (EGA) / Pyrolysis (Py) methylation (THM)
Data types (libraries)
Thermogram Chromatogram Pyrogram Pyrogram

(EGA-MS18B) (ADD-MS16B) (PyGC-MS18B) (Pyrolyzate-MS18B)

% F-search= Frontier-lab2l E61E S3H HECE MEC=Z, EfALC| IO E210| X A|ARIO:= 8l= Frontier-LabPte| 17 7[=ILICt.
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f 4.8 HE|AF oio|E2}o| X2 D E 7|52 H&0R 2M 9l F2l0] 7H5 8t Auto-Shot Sampler

Frontier-lab®| Auto-Shot Sampler= HE|4F IHO|E20[ X2 =2

S 24| D (M4, CIEA, HEIX, EGA)S XIS
OB 4% 4 Y AR XS FYIZ, AR 05 (2, 4ot 0I5, b

>

M
£)0| 25 A|AH 2toj| A O|F0{X| 7| =0

95 Qg0 RE| ARECH SHHS HLCY,

= Hedl AR E FYotn siEchE 7|5t e

% EfALS| Auto-Samplere 2

A=z
+ A|H 4870 A1 A2 T2 THs
. AFBXtO) Ty g

O O A
. E|MO| DE BMOCS SANOR M s

1. Sample introduction 2. Sample cup movement by 3. Sample cup retrieval by

by free-fall pressurized carrier gas and free- pressurized carrier gas
fall between waiting position and
pyrolysis position

p——

Sample Introduction
position

Heating pﬁf:ié#
L
— & P 4 _
L@;_ carrier gas (

<22 2> HE4 A A| Auto-Shot Samplere| s TA =

0 -—»
Up & Down

Pressurized
carrier gas
1

1) Flash pyrolysis-GC (Py-GC) analysis 3) EGA analysis
<Flash pyrolysis and GC analysis> < Powerful and simplified thermal anallysis using Doubde-Shot pyrolyzer>

|£—y_| I

2) Douhle-Shot GC Analysis 4) EGA Hean-Cut GC analysis
<Thermal desorption for volatile analysis and then consecutive Py-GC analysis> < 3C analysis of a portion of selected range of thermogram obtained by EGA analysis>

@JL AR {L , .

RN ) n-mul 5 _.|J.LL.| L._|.||

3> Auto-Shot Sampler@t Multi-Shot Py-GC/MSE 0|£¢ AtE3t 24 B E 47X
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4 4.9 Cryo-Trap 0|23 0812 Bict, 2|0 L H7HH|o| ehefst 24

HE|AO| S2 BAA, -193°C2| NQ TtAN HOHEAS HP YTHRO| 718 A|RZHERH L= ZE MES
Trappingsts HA|YLICE &2 2M(HSX/HEIN)E ot 20 &7t QR 22 IZ0ETAMS A2 27t
UAELICH

A EEH

- B.PIZIHE20/ELS R, S2|10H, MIHH| & C5 0l5t2] otetE 24 Al ol SAS AT T4 MEH AFY
+ Dynamic Head Space®t 20| A|ZLl 30|12k 2| 3tetE M 7ts

Flow Diagram

_______________________________________________________________

Mass flow controller

9

Column

Flow controller \ exchange coil

Liquid N, container (2L)

N

° 4.10 Py-GC/MS 24 S et RE 7|2 AR E NS

EtAr2| IO Z210| M A|AH2 THO|E2t0[Aof 2Rst 7|& 22 FThs HSSHXIY, Frontier-lab2 0] (0= 1&
ApEMof Mot GC/MSE 12 ZE N 22 A2 F0| 7[EXH2 2 Eotk|0] o] delol| 2ot =7 FH|7t Zdst
E

X ghELlct o 22ldS

% 712 M2 AR E: UARE, UASZ, Quartzs e, QIE{HO|ALIS, CIEA/o1Ar M Z2y

° 4.11 IRXME 2 S8 &S et Cist &Y SR

N

=) ) (&) ) ) L&

Selective Sampler CarrierGasSelector UltraAlloyColumn  Magic Chemisorber UV-rradiator ~ MicroJet Cryo Trap F-Search Vent-Free Adapter

-Edes Azt -CIYSHIZ oA M - DEXHEMHE - THIA = EH(SPEE) - 2o TX2| FA| -SRiEsR - R BAE - MSD Venting 210|
AZ0EIYEE (He,Air, H2,Ch4 02) IR FY/RE -SEZVOCEA/EN  -UV-ZBHHAE - LN2'Z A 2joj=e{2| A|A HEuEwts
- Heart-Cut - 37|(H2), AE(Z =) - UVebdx| ®ot -2t 2e:-193°C (Hotm|/Z2|{EY)  -Noleak
- WeatheringH|AE

12 XHUQAE=E HIZ0| 2hSo H f4 AH|[A 7|2t

2
F4 Warranty 7|2t 2 A (A = &)

0

N
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HBOZ M BT A ES 14 S HetsHA|

240]) <Eye-Liner§4 24>

Eye-Linere #2372 g80f, %

O|R0ixl =gtz =E.

&M Z|

1) Frontier- Lab EGA/PY-3030D

2) Agilent 8890A GC/5977B MSD

=Ea

JWS Bl MMlet T2
StH, EGA-MS 2to|E2{2| E S

Stk

ZE| 0|2 A ZR0tE
siAo| 7ts

NERel HE 2RIk

X JbH|, DEXE

oI35,

tEae FIE7tA EH(EGA-GC/MS)
mHo| 22| M E XSt S22 JHEEol mat A|2Z0i| A o|2tets
23U 422 MSDE EM o2 M A2l EEM S Folsict
37tA 2M 3 M(EGA Curve) g2la0, HhH &

N

AN2E2UY steta(HIHH S)o| 3ldst=
3702 BEHAL 27HA, B, C)2t
o] =X FE) 7D, E)S 7HEICH.
F-Search

EGA FEQ 2M HEHO| &4|2 wet
SLItA 2N HE| 4K Multi-Shot) 24
EGA, Evolve Gas Analysis ZEHHTD)-GC/MS, B3l (PY)-GC/MS

EGARE
(2.5mL,0.15mm i.d)

Vent-Free GC/MS adapter - @—

gazy

(30mL,0.25 mm i.d)

GC: Programmed heating

MSD Venting 28 ¢10]|

2y ugots!

phenol

—

methylhydroxybenzoate

—_—
—

propylhydroxybenzoate

diocty] fumarate

<Acrylic polymer: PMMA>

<Polydimethylsiloxane; PDMS>
")
0

HE|AF 2A 9 0] s A
UItA BN éﬂfoﬂﬁ LIEH A 2o EXEH(E0, 2x S, HIIH S S 2 5
R AW NEX FE 2 FZHE HIEOR, .4
YE|A 2 & 17HS AHSI0] 2 7HH(AB,C,D,E) AROIE IS 242 A AAOC 2
=¥ o2 Heekn Fekst 40| JHsatet, léf 2
. =
o E
F-SearchZ 0|23t AAM B:120-220°C
- 3|2 382 (A,B,C) MY Nist/Wiley/Additive/Prolyzate Library 2& € 220-310°C
- DEXHD,E) MA : EGA, Py-GC/MS Library &€, User Library 71%/2 8 i ,
D:310-400°C |
Eye-Liner 24 ZA1} Q0F A=
£:400-500°C
- 0§ &£ = 22 : methylvinylketone, 1,3-butanediol, phenol & i q
- "I : methylhydroxybenzoate propylhydroxybenzoate dioctyl fumarate F—"

DXt PMMA, PDMS

P

-{or

|I:H-
=

TtAEM(EGA), HEIAE M (Multi-Shot analysis) 22|11

F-Serach= 22! Frontier-

6 8 10 12 14min

labZto| 7Hs et 35 7[= LICt.



