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(PBT) E"ji{$*ﬁﬁi7 6 1 Dibutenyl terephthalate
1 1,3-Butadiene HC=HCH,CH,C OC- COCHLHCH=CH,
ST LRARBREERAS N ERDNR S P ° / Butey benizoate
E& T — 55 (PBT) if, 7E79 B E S S L2 (TMAH) 77 s Butenyl terephthalate Py temp. 500°C
ETHIR AR, Bt P AT AR, f rminsos
. _ N 3 9 Benzoic acid ’ o
ZEip: [&]. 1 A PBTHRI R iR AL E @ \

12 ETMAHTFEE RIS T, R BB ES e ) | | ‘
BRI SR E RIS T B E 7 R 5 B 5 RN R4, 1 | H
BR A, L l A L |
iR S B4R HPBT 2 R A LT3R — R RO — it L a A JMWMJWUW ool
RELTEMS1,4-T ZEMZFELTEY, 0 4.00 8.00 12.00 16.00 20.00 24.00 28.00

X 105 1. PBTER | KRG LA

6 1 1-Butyleneglycolmonomethyl ether Dimethyl terephthalate

Hoo NN weoe O“‘f”ﬁ Reactive Py temp. 400°C
s 100
Sample size: 0.1mg
4 4 1,4-Dimethoxybutane Reagent: 2uL of 25% methanol
k / E HOTN\-00 solution of TMAH
3 ]
T
2
1
S VT | A m.JLN I poonshaa Adadlohs

0 4.00 8.00 12.00 16.00 20.00 24.00 28.00

F2. RERMBEIEE

Carrier gas: He, Injection port pressure: 103kPa, Split ratio: 1/60,
Separation column: Ultra ALLOY"*-5 (5% diphenyldimethylpolysiloxane)
K L=30m, 1d=0.25mm, df=0.25um, GC oven temp: 38°C~300°C (20°C /min) j

Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-005E
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Pyrolysis temp.; 400°C, GC oven temp.: 50°C-(5°C/min)-300°C,
Carrier gas flow rate: 50 ml/min, Separation column: poly(methylphenylsiloxane)
L=50 m, id=0.25 mm, di= 0.25 um, Column flow rate: 1.0 ml/min

/
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534 4 FRHERHT(TD)-GCIMS #1341, PCF= A% o6 o, e 543
A= E M WEY ATKRE, ENERARIEDS /Y TMS Bis A
SEEE, XBOHTH, 155% 88 WEPA 25 Bl
TR = BEREGELTEY, 1910 mg PC H:SRRTE
N, FER—#EI0A 700 pl =& BgE, 300 pL

Scheme 1. TMS-derivatization of Bisphenol A

N,O-bis(trimethylsilyl)acetamide (TMS-BA). #AJg CHs TMS-Bis A
FHMEFET0°C INEAL/NE , 2RFEIF10 LR AR & H,C$CHs e
MABIRE SRR T T TD-GC/IMS 5347 P -CaoHuo (Reference)

g REATRRRL HyMEATMS-£T 1L R Helch, \
B 1H RN =¥ TD-GCIMS RO &, MR N 1A] h CHs l
LB, MERARIPGREREAT T TMS-AT4E1E . RA ‘ ‘ ‘ ‘ ‘ ‘
B RN EPCHRMEMAKEE 1,170 ppm, 6 7 8 9 10 11 min

BN BEF (RSD=4.7%, n=5).
/ Fig. 1. Chromatogram of TMS-derivatized PC sample

obtained by TD-GC/MS
Pyrolyzer furnace temp.: 100-300°C (100°C/min), GC oven temp.: 100-300°C (20°C/min, 5 min hold)

Separation column: Ultra ALLOY-5 (5% diphenyl 95% dimethylpolysiloxane,
t30 m, id.=0.25 mm, df=0.25 um), Carrier gas flow rate: 1.0 mL/min, split ratio: 1/50 /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-020E
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UG REERERIPCREM, TEL pL 25wi% TMAH B EE
BIREIT, FE400°CE 4 T ##1TPY-GCH#.

1 HPCRERETMAHEFE T, T400°CEBIIH
&, TERARE P, A[BA E BRI KR FPCHSR
A S F R EILIE, p-tert-butylanisole (& A) &
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FI IR ER S p-tert-butylphenoxy EEHF 4T i, £E
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-015E

[@) FRONTIER LAB

B

reagent-related
peaks H B
CH,
A H,co— >—$ OCH,
CHy
CH,
oo~ )60y
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L _
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Fig. 1. Pyrograms of PC sample obtained at 400°C
in the presence of TMAH.

Pyrolysis temp. : 400°C, GC oven temp. : 50°C- (4 °C/min)-300°C
Separation column : Poly(dimethylsiloxane), Length 25mm, 0.25mm i.d., Film thickness 0.25pm
Carrier gas flow : 50 ml/min, Column flow : 1.3 ml/min, Detector: FID

M,=

I,/15.4

T110.2)2 @
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DP x 254 +326 )
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA3-002E
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Polyimide is formed
Out-gases are evolved

— ) Polyamic acid T:

\ Fig. 1. The synthetic process of polyimide

~

/

-

+—A. equivalent of first heating —»<—B. equivalent of second heating—

m/z=44
(CO2, DMAA)

\
\
\
\

m/z=64
(S02)

m/z=93
(aniline)

120150 200 300 400 450 —— > 450
Temperature (°C )

Fig. 2. Thermogram with mass chromatogram
in the process of polyimide synthesis

.
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FE, WENEHITONE?

N EREE DR CHENZ 2N, 728
EZHHE(DA)EIDIZELH H NMR SEEEZI
BESLARBSBIPY-GCHHT DM GHRIRE & 450°C, %
= ! He). The extent of ester group introduction
was estimated by *H NMR and Py-GC.

RERML(Fig. 1). RIFEEEZE;Sethyl acrylate to
the D-E@ B4R EB1E40°C 5 N R 45 SRR,
VX OB ETEMBREL 22 B IR ch & LE KR 1 2 (Fig.
1) TS PEONSHIPIMAILS ER1PH No's. 2
5 23), &FETR/RNIRRELIN RS mA L.,
Degrees of substitution to the amino group of
the28Y D-E@MENL BB R EWENEZE(DS) B
IH NMR#HTD#7. EF-NHCH,- 8IDS Eif—#
HPy-GCREEIL. Py-GC B—FlIEILZ 4514,
TR B REME SR REAE DT {ELA

897335 (Table 1),

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-043E
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OH OH
Q L]
1 o a——/ﬁéﬁ,o .
NHA: NH,
n

Ethyl acrylate Phosphate buffer
methanol

oK R on
2 & -—r’é&/ — A o
TG O 1o 07 Ho
NRAC NES W,
n

s
QTH,CHy

hydrolysis l 0.1N NaOH ag.

] OH OH
o] O 15}
3 fio 0%&5—‘0 ‘/'H’cﬁgfﬁ’o
NHAC NH MM,
s
a

[ Ty
Fig. 1. Synthesis of N-selective ester functionalized chitin
derivative and water-soluble carboxyethylchitin

Table 1. Synthesis of N-(2-ethoxycarbonylethyl)chitin (2) of
partially deacetylated chitin (1) to ethyl acrylate

1 Product polymer
Run | mg -NH2 Yield Degrees of substitution
No. of 1 mg 1H NMR 1H NMR
mmol (%) Based on Based on ; Py-GC

-CO,CH,CH,- | -NHCH,-

250 0.68 | 189 ()

1 . 0.63 | 0.69
2 250 0.68 @ 160(52) 32 107 092
3 250 0.68 @ 178(59) 17 087 085
4 100  0.24 71 0 0.68 i

* Reaction condition: Temperature, 40°C; time. 240hr
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R?

bR EGA-MS # i AT #fchitin-graft-poly(2-methyl-
2-oxazoline)/PVA JBG{A%, Chitin-graft-poly(2-
methyl-2-oxazoline) £ EBEEM LTS,

£E3: &1 HEGA-MS3:88chitin derivative/PVA J8&

{RZRBIEGAPERITK, PVABY TIC E BRI
R, ROHRNPRRORI T AN, KT
PMNHRRERSIBERR, HERFYDZEHEGA-MS
H1TIHR, Fig. 2 (Q)7E 240 to 340°CRXAR EX 7 1H
SERA0F= D8 S BT RE (b) /7B (60/40) TE340 -
480°Ci=¥8Y = A, Fig. 2athByFEZ =40
K, RaFBEE T2 SEPVARIKIFARFTER K
BENSIF ORI AN, B—70®, Fig. 20
T T N2 SHELTEE DS Z I ERDRARE0 =1,

J

Ref: Multi-functional Pyrolyzer® Technical Note, PYA3-008E
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Peak intensity (counts/sample wet.)

TIC intensity (counts/sample weight)

Chitin
derivative
- B(70/30)
¥ B(60MO)
______MM__

B(50/50)
B(30/70)

B(10/90)

0 100 200 300 400 500 600

Temperature (°C)

Fig. 1. EGA thermograms of chitin derivative/PVA blend
samples obtained by EGA-MS

(@)

T
4O

30
Retention time (min)

Fig. 2. TICs of degradation products generated from B(60/40) in
temperature zones (a) 240- 340°C and (b) 340-480°C
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cryo-milled wax samples were subjected to &4
RRiZHR, BHERERBEM Ein Sight (InfoMetrix)
HITERD DIT(PCA),

it SRR PR —RIUBIER SERPELTE, 1R
BIREEE, YHESARGHT TMIRE . 6 NRAR
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FESALBOMNIZ X e T GaBI ARG, Fig. 1 FRm
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Fig. 1. Discriminative analysis among carnauba wax samples
collected from leaves at different growth stage.
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-012E

[@) FRONTIER LAB

-13-



B-2

[R]RH:

ST

BT, RIE, REERIIABIRENL 4 2

E1ER T AT 215 ef 2 fEf, BiFEGA
PR EX LR BRI, RIETEF-Searchik
HoblEE— N AERTERHE— N EEIENTH
[RI%E, X 21 T AETRHSKERES AR
MX 5 (AT K RIER A E),

21 PP — TR AT AR BB ERAE ) “ R AN R R 2R
&, RABTEIL MRS R AT AT
HEE2R R T =M EARS LA ERHR SR, %
15 2P EERE R ) 80, 1B R4t H 7 1t IR AB R,
RAER St ] 2870 1, TRESL G REOFERIFTIEEIF0
PR EFEE AR 245 AR AR F AR
PARRATIE S F PTG EN, KSR LR APY-
GCIMSH#{TE 5,

~

J

Ref: Multi-functional Pyrolyzer® Technical Note, PYA3-012E
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* Natural fibers
Animal fibers...Wool, silk
Plant fibers...Cotton, hemp

* Synthetic fibers

Regenerated fibers...Cupra, rayon, polynosic

Semi-synthetic fibers...Acetate, diacetate, vinylon, promix

Synthetic fibers...Nylon 6, polyester (PET), polyester (blended),
polypropyrene, polyethylene, acrylic, polyvinyl chloride,
polyvinylidene chloride, polychlal

Fig. 1.

Range averaged
—>

Fiber samples used in this study

Unknown sample 105 149
" JlZZ
\ Ly I J 1 I
—
Candidate 1 105 149
Polyester (PET) 77 122
Match quality 99% l
[E— L L l u [ .
—
Candidate 2 149
Polyester (blended) 105
Match quality 84% J v 121
dwld L1
i 91
Candidate 3 55 79 105
Vinylon 67

Match quality 16%

100 200 300 400 500 600°C

100

Fig. 2. Comparing EGA thermogram and average mass spectrum of
“unknown” fiber with three search candidates with highest match qualities.

Pyrolyzer furnace temp.: 100 - 700°C (20°C/min), GC oven temp.: 300°C, EGA tube: deactivated
!netal tube L=2.5 m, i.d.=0.15 mm, Column flow rate: 1 mL/min; He, split ratio: 1/50, sample: 300 y

200 m/z

-14-
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Thermograms
Cotton <> Averaged range

Hemp

100 200 300 400 500 600 700°C

Average mass spectra

Cotton
29 43 60
73
97
85 114126
50 100 m/z

50 100 m/z

Fig. 1. Comparison of thermograms
and averaged mass spectra

Py temp.: 100 - 700°C (20°C/min), GC oven temp.: 300°C
EGA tube: deactivated metal tube, L=2.5m, i.d.=0.15 mm
Col. flow rate: 1 mL/min; He, split ratio: 1/50, sample: 300 pg

-

| N

Cotton Levo-glucosan

i5 min

ul
=
Y YS!

Hemp

o0
Wax

:o\\

WS seeo’

0 5 10 15 min
Fig. 2. Comparison of the pyrograms

Py temp.: 600°C, GC oven: 40 — 320°C (20°C/min, 6 min)
Sep. column: UA*-5 (5%diphenyl95% dimethyl polysiloxane)
(L=30 m, i.d.=0.25 mm, df=0.25 um)

Carrier gas flow: 1 mL/min: He, split ratio: 1/50, sample: 100 ug

-15-
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[@) FRONTIER LAB

Dimethyl aniline

-

Phenoxyethanol

~

Methyl aniline \ /
Benzyl alcohol \\ § Unknown
1 AL HE N | .
f| : Ink A
L A A L "
: Ink B
" L
Ink C
[ I__ . . Jotpal ke A
: Ink D
N 1 T
0 5 7 10 20 min

Fig. 1. Pyrograms of oil-based black ballpoint pen inks
Pyrolysis temp.: 550°C, GC oven: 40 - 300°C (20°C/min), Separation column: Ultra ALLOY*-5 (5%

diphenyl 95% dimethylpolysiloxane), L=30 m, i.d.=0.25 mm, df=0.25 pm, Carrier gas: 1 mL/min, He,
Split ratio: 1/50, sample: ca. 200 pg

e : Common ions for major components of inks such as phenoxyethanol

Unknown
° L]
° °
NINIT T ! L
Ink A Match quality: 88% Match quality: 6%
I LJ“ J d 1 P u‘.,.‘ L. ). .
Ink B Match quality: 94% J Match quality: 23%
\.mh i Liidialte s acin NP
Ink C Match quality: 99% Match quality: 99%
NI T ! bl
Ink D Match quality: 95% Match quality: 67%
shibld b . | R il Mu.Ahm.m...w.‘L..‘... e |
50 100 150 200 250 300 Mz —Er—106— 150 200 250 300 M/Z

(a) Mass spectra created from
entire pyrogram (0-20 min)

(b) Mass spectra created from pyrograms
of components eluting after 7 min.

Fig. 2. Comparison of mass spectra created (a) from entire pyrogram
K and (b) from components eluting after 7 min. j
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-009E
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.

Fig. 1. Chromatogram of soybean oil obtained by one-step THM- \

GC at 350°C
@ Reagent related peaks
i Isomers of C18:2 and 18:3
' i/
' |
| 1 iL
1 2
J N 1 e ——
w® g f
1 (a) in the presence of 0.15M of TMAH
| + (b) in the presence of 0.2M TMSH.
1, C16:0; 2, C18:0; 3, C18:1; 4, C18:2;
5, C18:3
I Reagent 3
|7 related peaks i
i \ J :.J s
Bl i FLe)
L 1 i i 1 i i i "l
o 0 40

20
Retention time (min)

Table 1. Chemical composition and recovery of fatty acid
components in soybean oil obtained by one-step THM-GC

Fatty acid
16.0 18.0 18:1 18:2 18:3 Isomers of Total
Compositions (mol%) 18:2&18:3
Offline method* 13.2 4.0 226 54.6 5.7 nd 100

One step THM-GC

THSH
TMAH

0.2M 13.4(74.6) 3.7(76.5) 22.8(81.5) 54.8(80.6) 5.4(75.5) nd 100
0.05M 13.4(18.2) 3.6(17.3) 22.1(21.0) 55.2(19.2) 5.7(18.2) nd 100
0.1M 13.2(43.6) 3.7(42.2) 22.4(51.5) 48.2(37.7) 5.1(36.5) 7.4 100
0.15M 13.3(83.5) 3.9(82.5) 23.2(99.6) 22.5(40.5) 1.1(22.1) 34.8 100

*Offline transmethylation by TMSH followed by GC measurement

Data in parenthesis: % recovery obtained from the observed molar peak
intensity normalized by sample weight.

-17-



[ KA INEESLR S 000 DA = M cha0ihAS A% \ / \
?

AN

&K

@ Reagent-related peaks

D RHEEREVEEEIE TR DR, TMSHE
BEATRS TMAHEBESBTRIE N 4Lk, 7
EHREIET, ToO0THEYEATEA00°C it l ‘; ;

(RES:EN

it &1 }y400°CR, 2DHIfE(a) TMAH 5 (b) TMSH 7=
TE RO SR A, PIskZERED, WIRTEF0
BYERES S A HADA0 C14 — 18(1% 1 - 10)f8HHEE. 1
ZURIE (b) TMSHIFFE FUMIZIES 5 70 6 IR J l . L
BUEPA (I& 11) 5 DHA (1% 12) , M7E(a) TMAH N BT P Jodha,
FER, BFE(INFHICSRR, SEXHNIE, 10 20 30 40 50 60
45RRBA, ETMSHT, SESIIEI—RIIBE Retention Time (min)
[ Peak 11: eicosapentaenoic acid (EPA; C20:5)
k j Peak 12: docosahexaenoic acid (DHA; C22:6)

(b) Reagent-related peaks
- p

Fig. 1. Chromatogram of zooplankton samples obtained by reactive
Py-GC at 400°C in the presence of (a) TMAH and (b) TMSH.
Pyrolysis temp. : 400°C, GC oven temp. : 50°C-(5 °C/min)-240°C

Separation column : Ultra ALLOY-CW [poly(ethylene glycol)]
Length 30 m, 0.25 mm i.d., Film thickness 0.25 um

\ Carrier gas flow : 50 ml/min, Column flow : 1.0 ml/min /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-018E
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Palmitic acid-Me Oleic acid-Me
(C16:0)

2e+07 ¥ ¥ Sample weight =0.2 mg (dry)

let

Linoleic acid-Me

1
1
1
1
1
1
1
07 g Phytol? 2.
: Stearic acid-Me €200
1 /(C18:0)
10 11 1 13 14 15 16 17 min
ECl4O) m/Z 242 [ S M AN A e

m/z 270

L(cm: 0)
(C18:0)

m/z 298 |

m/z 326
10 11 12 13 14 15 16 17 min
Fig. 1. Pyrogram of dried algae obtained by reactive Py-GC/MS

<Reactive pyrolysis conditions>

Pyrolyzer oven temp.: 350°C, separation column: UA-5 (MS/HT) L=30m, id=0.25mm,

df=0.25um, GC oven temperature: 100~320°C at 10°C/min (10 min hold), He: 1.0 mL/min,
splitratio: 1/40, sample weight: ca. 0.2mg (dry), 0.2M TMSH in methanol: 10 pL /
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.

500°C

Fig. 1. EGA curve of ceramic composite material (Injection molding)

Pyrolyer furnace temp: 100°C~500°C (20C/min), Carrier gas : He 50kPa, Split ratio: ca. 1/50
EGA tube: id.=0.15 mm, L=2.5m (UADTM-2.5N), GC oven: 300°C, Injection port temp : 320°C,
Sample: ca. 0.5 mg, Detector: MS (m/z=29-400, 0.1 scan/sec), PY-GC interface: 320°C (Auto)

[} INFIRAZ RERBRLTEEE EMHE 2 N Fig. 1a Library search result for peak C N
Name Qual

S % & SMHRARIPHM ST EERE E M ; EO:V(;':L;W' me;hla”\":m) (IPBMf*) 72
FHIHTSEGA-MSHT, HUR MR A0SR FAEGA- 3 iy Ve it ngo?ycr;y;@ : ;
MSEHE AT IR Ao :

fit: L ) £ SEMHNECAR M, LLREGAETIEA, Fig. 1b Library search result for peak D
B, C, & DHMFHRILE, HRES (BG) EETH N |
[ R KRR . Figs. 1a & 1bE R T FF-Search # L Polystyrene (PS) ame Qg“g‘
1¢E§A-MS TR RAER W%C 5D i 2. Styrene-ethylene-butadiene-styrene-block copolymer 78
WHI7IPBMA 5 PS, IBA 5 BETF SEBUREE, [l 3. Modified poly(phenylene oxide) 64
ZRAERREE A B E BT E (Wiely
275), IEARIN RN AR = R EARS, B IR0, 5 o
WRE GG RS & RIERMRE WA RKIES 149 4%, 78~
HANEE, N

\_ J o 87
81
T B [ — [ — [ R B
100‘ 200 100 200 100 200 100 200 m/z
BG of péaks c&D
BG of pgak B

/
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-055E
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OH 205
BHT
57 220
0 100 200 m/z

Fig. 1. Chemical structure of BHT and its mass spectrum

-

\

Zone A Pyrolysis of PE
(100~200°C)
1 1
s : TIC
1 1
1 1
1 1
1 1
1 1
/\ ! m/z: 205
1 1
1 1
1 1
/\. m/z: 220
100 200 300 400 500 600°C

Fig. 2. Thermograms of a PE sample

Pyrolyzer furnace temp. : 100-600°C, (20°C/min),
Split ratio : 1/50, sample size : about 0.5mg, detector : MS

/

/
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Additives PS

100-300°C
Xlo\_/-l\\/J}(

200 300 400 500°C

Fig. 1. EGA Thermogram of PS

Py furnace temp.: 100 - 700°C (20°C/min),
GC oven temp.: 300°C,

column flow rate: 1 mL/min He, split ratio: 1/50,
sample: 0.1 mg

EGA tube: UADTM-2.5N(L=2.5 m, i.d. 0.15 mm),

TD-GC/MS: total ion chromatogram
o ?
=Y
c 0
0 5sS »
(7] g,_w
- £ 28 E
o = s NS
c ° o s=E =
2 2 g cegg@ <3 =
] =X o 523¢ ~ ]
= g 5 2525 t_ o £
2 =0 & = © © @2
0 S - 2R 5% 9 i~ a2
S T =3 Ec o Q i @
SN BN BTN »—E»g % o
—~ —~ @© Kel
T 8 g g g g
95/,: = § o
—~ ) S
) k] 8
< (5
S O
)
—
A

10 15 o - 20 25
Fig. 2. Library search results

Pyrolyzer temp.: 100 - 300°C (20°C/min, 5 min), GC oven temp.: 40°C (2 min) - 320°C
(20°C/min), separation column: Ultra ALLOY*-5 (5% diphenyl 95% dimethylpolysiloxane)
(L=30 m, i.d.=0.25 mm, df=0.05 um), column flow rate: 1 mL/min He, split ratio: 1/20, scan
rate: 2 scans/sec, scan range: 29 - 810 (m/z), sample: 1 mg

30 min

/
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« Base polymer :

Polybutylene terephthalate (PBT), 80wt%

Br Br

Br

* Flame retardants :
1) Brominated polycarbonate, 15wt%
2) Antimonious oxide (Sb203), 5wt%

Br
1
Br. 0—C—+0 (0]
Br Br

O o
1] l
OC@COCHZCHZCHZCHZ n

H&}@}

Copolymer of tetra-bromo-bis-phenol A and
bis-phenol A (2/1);
Average degree of polymerization = 3

=0

O

Fig. 1. Base polymer and structure of flame retardant

)

~

~

Flammable components
(Butadiene, butylene terephthalate, etc.)

C (496nm)

Br (476nm)

Sb (218nm)

200 300 400 500 600°C

Fig. 2. Thermal decomposition of flame retardant PBT

observed by evolved gas analysis (EGA)
(Detector : AED(Atomic Emission Detector), Atmosphere gas : He)
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/ Br
A CHZCHCHCH, Br@OH

Br
C HBr OH Br

TIC \

SbBrs”
362

250 300 350 400 m/z

o B HOE@EOCHzCHzCHCHZ

~

K Fig. 2. EGA curves of flame retardant PBT by EGA-MS

0 10 20 30
Fig. 1. Chromatograms of thermal decomposition products of [min]
flame retardant PBT
Components evolved in 60~700°C range in He were trapped in Lig. N2,
then analyzed by GC/MS
A miz54 /\
Originated
from PBT B m/iz 203
C miz82 M
Originated TroTTT T T -
from
brominated D m/iz 252
PC [
Brominate
dpC + E miz362 /‘\
Sh203
TIC
| | | | |
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D ETMAHBIRE T RIHTRARE SIS || st v
S393H. REDE ERENRIEFBNET O
FEIS I R R AIZR (<60 mesh), AGHER N
90pg§2uL EGTMAH, E400°CEQ%1¢—F, ﬂﬁ% Permethyl and partly methylated Y
VAN o derivatives of terpenic acids Methyl derivatives
%473 *ﬁo Methyl derivatives of \ of wax components

Fatty acids

it K1 A ENE RFERERNTMAHE, F 400°C & i SR B —
HREFEE LR, Kla, RWMERERSS, U | oL ) >
BT REIAER SR, MOEILh, YL B —RBEE i Do y
RBIEBIERIR DB RN SIS, 85 JL ! Mhl ‘ T

SFNDPRSESHABE, 45R188, XTIk ®)
R R FURBVD T RAHE 6B, Trimethylated
\_ ) Jalaric acids

Permethyl derivatives
of terpenic acids

0 20 40 60 80 min
Retention Time, min

Fig. 1. Typical pyrograms of Indian Shellac obtained at 400°C
\ (a) In the absence of TMAH, (b) In the presence of TMAH solution /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA2-008E
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n=8n=9
A HgCO—<CH2CFb-O>:CH3 her A&
MA 4mer 4 n=10  Intactphotoinitiator
methoxy derivative of photoinitiator n: 6 A MA Smer
MA 3mer

methoxy derivative of n=11 MAGmer

photoinitiator fragment| " A

MA 2mer _ n=12

|\ "4 n=13
Sl ek s
LL . l Tl L e : y
20 40 60 80

Time (min)
Various minor peaks characteristic of crosslinked network structure.

. 1. ﬁﬁl]?ﬂﬁ*.

WfiRRE.: 400°C, GC (FiR.: 35°C (6 min)-(5 °C/min)-340°C
5 EHE: Poly(5% diphenyldimethylsiloxane), L=30 m, id=0.25 mm, df=0.25 um

cr«,—(cnz—cu}»—guz-cm
C‘U Am
é o o

o O CHy MA oligomers

UV-cured resin

Hozg o g ot-gn
¢=0 =0 g=0 Bn
T T
CHy CHg CHa

T A H
H Wa :
| HCS :
:H“ G_C: | TMAHI A
R R .-.:-.r 5= 0!
9 ; !

TMAH /A&

nzc_c-(-cu,-cri-)-cu,-c-cm
c 0 c o c 0 Cn
o o
CHy CHy GH,

b—l TMAH/ &

k2
. o l . l e
H,G=HC-C-0CH;
MA HyCO+CH,CH0)CHy HsCO+CH,CHO - H HyCOFCHCH0}-Cats
DM, MM, ME,

Scheme 1. Formation pathway of typical products of UV-cured resin
after reactive pyrolysis
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-025E
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K. 1. BREaEEEL00°C N 10minBRS A EILE

PERATIREE: 100°C, 5 He, A 10 min, % B 4E: Ultra ALLOY*-5, GC ¥F:g:
40°C~320°C (20°C/min), MS ## X|8): m/z=29~400
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K1 BRaZEMEGAHGER (EGA-MSHE)
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AR O 8
(40~200°C) / I8

tributyl acetylcitrate
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/ AR BX CRX \
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; T f ' T T f
40 100 200 300 400 500°C

-
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L
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2. AR-BRERG+E V1K (TD-GCIMST k)
7 E#%: Ultra ALLOY-5, 30M-0.25F,
GC oven temp: 40°C (1min hold) ~ 320°C (20°C/min)

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-024E
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< 1 NBREZRINFIEIE

— TD: 50~300°C
EREE(vs AT)
NHPR(1STD)
n  NOCRAC 810-NA NOCRAC 6C
1 0.113 0.139 NOCRAC 6C
2 0.118 0.140
3 0.119 0.144
4 0.122 0.143 NOCRAC 810-NA
5 0.124 0.140
6 0.123 0.144
7 0.123 0.144
8 0.124 0.143
Aver. 0.122 0.143
RSD 1.98 % 1.27 %

Ll

5 10 min
2. AXHEIEE (TD)-GCIMS 754

NOCRAC810-NA: N-Phenyl-N’-isopropyl-p-phenylenediamine
NOCRAC 6C: N-Phenyl-N’-(1,3-dimethylbutyl)-p-phenylenediamine
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DI FRZHRMABREMNNEERKLTD-PY-GC/IMS,
RIEELMEGAMGE RERFHIEEE R, RiXTE
W& TD-PY-GC/IMSHIB EE &4,

R K15 & ARIRMEGARPGER, T

100~300°C X iz A Wi 22 B RO s 2 M 8 SRR
rh A5 B Sk B AR A0 ; FE300~500°C X 32 A
TR ER B A% 7 2 BIE B R IR B IR AR =Y,

IBIEEGAKIREREREER, EFE MM
P TD-GCIMS HIZL AR 4R:R B 544 100°C-
300°C (20°C/min), & [l 2a, E2am R HY
ARINFIAFESRE(D3 ~ D6) CERTFEABELH) .
RFFE(BRACAR HE7) « & %R B BR (BR1E 7)) 0
S,

5B Y Ex B R R AR SR SR 1% 7E /7550°C,
HRERILE2b, E2 b REIMREME
SRIIG TBG XEERRABKRNEES

A,
/

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-015E
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ERAD
| | | | | | |
100 200 300 400 500 600 700 °C

1. EBERHBRSAHLE (EGARVEE )
HERYFRE.: 100~700°C (20°C/min), Carrier gas : He 50kPa, Split ratio : ca. 1/20
EGA E41#E: 0.15mm id, 2.5m (UADTM-2.5N), GC 188 E.: 300°C
HHEDRE.: 320°C, Sample : ca. 5ug, @ N28: MS (m/z=29-400)

\_

Cx. RO B &2 1% &l (100~300°C, (20°C/min)
2-mercapto thiobenzothiazole, Nocrac 6C

AN

C, acid
2-methyl thiobenzothiazole

X10 D, D¢ Ds D\ \J.WLM:"
J];JJ ‘llej *AAAI ¥

PRE | dimer (i) b. EAREILE (550°C )
T 0% trimer  tetramer
R (U WO ! / -
é Ai é é 16 1!2 1‘4 1% 1‘8 26 min

&2, WHESLTD-PY-GC/IMSHOTES

#FRE: 1ml/min (fixed flow rate), Split ratio : 1/20
5B ¥ Ultra ALLOY+-5 (5% diphenyl polysiloxane), 30m, 0.25mm id, Df: 0.25um

GC R 588 .: 40~300°C (20°C/min), £ &: 5ug, Kll2§: MS (m/z=29-400, 2 scans/sec)

/
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F-3 ™
B R DHEEBRMEARRT Z/%(PB)-RRX G

(P)-RBERZIFH(PS)HIEERL Y, BRHEMAE
i 2

P (RT ZJH(PB)-R=IX
BHEMAMEEHT

RZ1200ugBRIRES
Z¥HPN-BERZHPS)), &
550°CZefE

K1, B RESBRRMRMARERILE, TEM
HKRET-YMRBMHESHIRE, BTG, Rk
fi KZfo
BEEBRRBPPBMAEIES B 5B EIED
BEERE (T B Emii b B RiFed
HMHERR, BRREKNT0.99, HREMLID
E2Phm, ERZBRERZ, TIMRIFEED
MTBOEMAMEE3% LA,

o
2

RZJH \

\_

-

10 20 min
Kl BB RER LT E

gtﬁ*umr_ 550°C, f&:ill8&r: FID, #£m: FriERE A
4B FE: Ultra ALLOY+-5 (5% —K95% — BPERIE%R)
#i{v 60m, id: 0.25 mm, fEE: 1.0 um
GC #8588 E.: 50°C (7 min hold) — 280°C (10°C/min), carrier gas: He
PAEQE A 175 kPa, split ratio: 1/60, #£&: ca. 200 ug

=
o

(63}

7 B0AEHEE FH (%)

J=

0 10 20 30 40 50
PBBYE S LBl (wt. %)
&2, iR BRI PBRIT AR B 2% /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-047E, ISO 7270-2
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a1

BB LA IR ] SR AR R R R ARG )
HupE A2

F-SearchZ [l F A 071 57 0 22 (5 1% e 18 3R 5 |
E)hEahiy LRSI FRI32Fh B B A %
fE 7R o 1Z AN IN T K 2R ) (TD)-GC/IMS /A%
SIPREMFR, SRR T EIEMFTIEE
B. BiER. LFE2MMRBIEHR. BT i%H
hnFsla 2, BIRIH AR R AR SR R4 B A7 551,
FEKXRZ1%,

iy
]

K 1(a) 2183 (TD)-GC/IMS A x5 15 ki 5
RRVAEERFIBIEB LR, HPUE A, IEBFIIEC
X =4 FEIERFEE AN 1(a) BT, B B
L2 3RS0 T [ 2R A NI T 1 2 BB i (] 8048
LUMEFIRBBIBE(RNBOLL R, RIFFIX=NE
ZIE, 101 (b) PAm, B iHA], RAHE
B R RGN IZ R 2 p-(p- P AR =) —

PN 2

/

-

(2) RANKRRRE S FP R & 4 S B i ]

(o) N0 [57 15 /72 R AR A7 B9 - (p- B AR BRI ) — AR AR it 5]

(B) ©)
- W T Rioss e .
‘/RI'1084 Y| N-phenyl-1,4- R1:3338 R
' benzenediamin p-(p-Toluene sulfonylamido)
p-Toluenthiol H Diphenylamine \
—<: :}—SH N@ H @
L o @ \ o /N-@-NH
\HZN / NN
- @\O
\ \ ‘77 "/ /"
A~ L A N ' A L
4 6 8 10 12 14 16 min

&1, IR AIEEE ((TD)-GC/IMS Aik)

\

/ / /7'\\‘ e
/ RI:1080 [ RI:1989 184 | /[ RI:3331
T l 183
07
7801‘ amz ) 338

\ miz | N~ ./ ‘ 91 m/z
N / (B) N %

(A) ©)

4 6 8 10 12 14 16 min

/

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-057E, ISO 10638
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[ R DR BPRIAS, B L1 HER?

Vi LRI R AR X AH EGA-MSER, B4
BT HRBRSAESTECAB AR EMSERA X
PR, ZFBAN T RANRE WA R —
NEAMZFERERANIE,

R BLRBRP—TRAE SR B2 4T E R,

F12ZAE MmN EGA #utt s, EdhEHIEAR

Rt Bt HH SE RO R AN, AMESRIFIEARERR S,
MBEBELIGC /| MSESFHERMH—FER;
EBRZRPREMARE Y, , BIEGA-
MS[Fiit E RIEBMIRL Y, 45 RIMKLIFTR, B
ZX B HERRATERIRR S M) Hi
BT EGA-MSIFTIE 2 AT LR HE R M0 AE &
MEE. ABRHEEFER, XWTFRAOME
NS ARMBARZESE RN,

B AT P4 5T 1 ] o 18 AR RARIR S T34

~

)

Ref: Multi-functional Pyrolyzer® Technical Note, PYA3-006E
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o

41 1
67
171 55
05
933
> 1%%1872
0 12 19 JJ_[ L ‘ ‘ I
m/z
\ mZEB A
BA A
| | | | | | |
50 100 200 300 400 500 600°C

Ell. BRAEGA FuEEIA NS E

HERIPRE.:50~600°C (10°C/min), Carrier gas : He 60ml/min, Split ratio :ca.1/50
EGA tube : id=0.15 mm, L=2.5 m (UADTM-2.5N), #8588 E. : 300°C

M an :ca. 0.5 mg, MS scan range: m/z=29-400, Scan speed: 0.1 scans/sec
PY-GC interface temp.: 320°C (AUTO mode)

=1, EBROERIERRER

Name Match Qual
1. Polynorbornene 49
2. Polynorbornene 43
3. Acrylonitrile-butadiene rubber (NBR)* 43

* |t was further analyzed by Py-GC/MS and was identified to be NBR.

/
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[ 241150 BA, Nal 3 AT AL & IR L AR ?

Vi ERASHARBUMSTEAL, AEGA-MS
g EET RS S T MARBE-YHITIRR,
XM FRBEAN FREAFIHIZIEE B,

g XA BIFRAITHE FIRBIRAALS . EL1FTR

K2 #E & FIEGAPGE K R = MIERIF 1 5 it
(IEBFIIECH HIHIBRE =(BG)) o IEAHIL N
kBT E Ry, EES5LRmEL@) iR,
B Wiley2751% FEEV FIEBIHTIC R, HAIAEEE
B . BT EGA-MSJF i N FCIEMETIOR, 45
REHEMZIFEREY, MR1FR, BNB
= HBEEE, I ZMHN ZOSEER )%, 0
XAGIFRTR, WFRABY TR S BT,
EGA-MSE AR FFT itk FE D BIBE T ER TR

RRIBEA RN,
)

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-013E
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/

&l.1(a)
_P'(.\_‘ . 1 (b)
Tis &. 1 (c)
60
0
9 Y 01
o 41
206 115
J L ‘IA “\ “\ I 3“12 ‘ ‘ ‘
100 200 300 m/z 40 50 60miz
5.00 ‘200 miz
: BG of peak B
BG of peak A

40

I I I I
200 300 400 500°C
1 HEFINEGATVEE
SUERAFYF 38 Z:1000C ~ 600 © C(20 © C /5 41), 25 He 50 kpa,
A ithbica » 1/50,EGAFEME:0.15%Kid,2.55K (uadtm - 2.5 - n),
GCEMRE:300° CHE R, /51 RE:320 °© C,Amt « ~fl:1.0£57,
1 M22:MS(0.1 m / z = 29 - 400,13#/%),PY-GCHREE Z:320° C (B ahiE)

|
100

1. CIERVIERFERRER

Name

1. Poly (vinyl chloride) ; PVC:
2. Poly (vinyl acetate) ; PVAc
3. Poly (vinyl alcohol) ; PVA

Qual.(%)

62
60
43
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G-2
N N\

D AT REEGAFAGE K] B M IETS MBI D P
EGAMSH R RIFEEME, (DX MRAD, L0
—MEEXANRDOHWSIAZGCEIEE, BiE | | | : | | | é
W SHER S PHRERIE L, BEREEE 40 100 200 300 400 500°C
FHAEBSHTTPINDEI-GC | MSHH T L E, &1, S FIMEGAFEE
£Eip: YO HFINEGAHGEER DB =1DHIBALE, BUE See the previous page for analytical conditions
FOCIE, ME1, A-CENEEXBVEIEE HLE?2
B, IRAWERESHZE — BPREHS,, HJEEBXJL/”:EJZ; A
B, ZBETHs. RFEET . JBRETR o
BAZ e (PVACHR, TANHES T RHE0H5 ﬁ¢ hl
BRI E. CBRSHBSHKE. PN dM
FKRTFZ BIR SRV EE,
\_ R Y, / nd /

5 10 min

K2. A-CZREHIBILK

Pyrolysis temp.: 40°C~600°C (20°C/min), Column flow rate: 1ml/min, Split ratio: 1/50
Separation column : Ultra ALLOY+-5 (5% diphenyl polysiloxane), 30m, 0.25mm id, df=0.25um

GC oven temp.: 40°C~320°C (20°C/min), Sample: 0.8mg,
Qetector: MS (m/z=29-400, 2scans/sec) /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-014E
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IEF &M EML-KE-2-FEBRITE180 'CT
SAZRI /NI RO BB PR AR BB T[], W BRI A
{ErR EFRMELFIRIME 2 A X%, I0E?2
AT 7R AR R A RRIR BRI IR R F D 5
ELFEERIEMNE X, M HERZE. TR E S
FEFRIEINT , WEREIBLERZHDSCIIETy
LRSS

(i) R el FAPY-GCHEUR MR | ABRIEL 1 782

DT T dm U A 2 7K H B (DGEBA., ££~=340)7
RME TR EM1-FKE-2- B EBKIH(1 b2m2)
7£180 "CTAERI/MIF 4T 590 "CHIPY-GC ,

=i E1E R T XWEAZ 457K H Bl (DGEBA)H & it

~

)

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-034E
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SAMPLE C
{catalyst.0.5u1/100mg prepolymer)
=
Low boillng
pyrolyzates = - @
QT
2he Q@
Me-C~C N <™
= <
4 OH =
. L P i
SAMPLE D

(catalyst.,1.5ul1/100mg prepolymer)

4
N

%‘I Megc
. Me-C-Me - SH
L Ll

SAMPLE G
(catalyst.6.011/100ma prepolymer)

Hw C=C

J L _ UJJJ

50 60
RETENTION TIME (min?

K]1. High-resolution pyrograms of epoxy resins cured with various
amounts of imidazole catalyst at 180°C for 3h.

50)

40

30 |-

e
- C-0-@-{-@-0-C-Gf

HO-©~ C~<©>-0H

PEAK AREA/SAMPLE AMOUNT (a,u,)

A 'S

S B
AMOUNTS OF CATALYST (ul/lDD‘rlg prepolymer:>

Epoxy-resin: DGEBA + catalyst( @—CHZ—NTN)

Cure condition: 180'C, 3h

Pyrolysls temp. 600°C

K. 2. Changes of characteristic products from epoxy resins
as a function of catalyst amount.
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[F R RAB9HDITT, 0{Io# P LEa0FTEDHUBE

D VWFREFERBIDIT, EGA-MSHES—MfE
BB DITIE.

HENVLBERaVAEEWEL, B="TREXD T
FBAX., BXFICK, HIEHFIEWNKE T, R
BYEIRONE ESREINT, AXFIBX I SHAR
M SREVED FEILEY., MCXHINHFEE
FIFHS, {FFREGA-MSHE 1L ZE i ZRCX AT
FRiLESEIREITFRLD, KIFFRIFEE
RAEEHIREMWIN 7T, Rk, Wi
@%%UB’J‘:” YFAIE, EGA-MS /| EGAILER:
—PNIEEHANIE,

g

~

)

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-018E
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#x1. CRMIEGA-MSHitFEERER
Ref No. Qual
1. Methyl methacrylate-butadiene-styrene copolymer #165 90
2. Styrene-ethylene-butadiene-styrene-block copolymer #195 86
3. Styrene-divinylbenzene copolymer #210 80
91 104
91
. 104 117
m 186 iz A ‘
Ll i m/z
105
167
m/z / /
BX CIX
N A
4 A
X
AR x 50
\ \ \ \ \ \
100 200 300 400 500 600°C
K1, FTENHLAEZEBIEGAIARE & K A-CR 1L A
EGA capillary tube : 2.5M (id. 0.15mm) ,GC oven temperature : 300°C

/
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[ R TTENHLAE 2 A S FIRAR . BIERT. FE h
FMRRAR I F AR, BT LAMER 2 H R (B
MSAR(EGA A, INELFR. BRI 25, 2%

TR AR (A AT LU A 2. 08 2

S PEE M R A A It SHME R A B4 R AR,
A LA R T RO OB, EEENE
ERX=E£ M55 AZI 9 BEHEHGC / MSi#
TEMEAH 4T,

F2E R TAX, BXFICKHGC | MSHHER,
ARG THE, BREALIHT BERGEE P
(MMA), ZKZJHHIR(S). RZ[HZFH(SS). K
ZIG=RM(SSS)MEMFBERILEY., TEC
RL I T HE I AR AR AR P E AR RER-

it

T - R OIHTLERYD.

\_ )

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-019E

[®) FRONTIER LAB

400 600°C

300
K L. FTENALIM &= P /
AR ~
N= | N=N-=N NjN/N
A I U
BX
| S SSS
Butadiene SS
MMA \o o ||
[ Y °
L A l. e A A ll | d A .“ X2
CRX S
Butadiene SSS
| MMA ss o/
m A l Jl
[ T I I
0 5 10 15 min
K2. A-CEBIB LR
Separation column : Ultra ALLOY*-5 30M-0.25F
GC oven temperature : 40°C~20°C/min~320°C (2min hold)

\_

/
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[EJ R FBAAFmER, anfel oA 4k AR (Eeank A

BIHHI —5RIK, AKD) ?

ST BT ARSI AR R L (PY-GC), TH
= LR — RAXTRRGN 6], B’ T anfa
5 PR R [ PR B S 53 24K R B AR 0 7

ghig: AKDTEARPU=FTZ KTFTE RN AIAKD,
KBRS EIMEHFR 2 B ARG E YT
{58 PR (R AR EOR, "I LU EIAKDIK RIS
BOTJoe EEE, BNE(LATR. A0 T AKDRI4LfE A
Bt (R R BOR 2 AT, B EIIE2FTR, 825N
RIS AKD R 7K B2 74 Z )5t 250, 30k Ak,
i FAPY-GCHUA #5468 T AKDHIE AR Z TIA
BEH TR, T H 5 T WAKDHIBE ST

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-007E
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heat R—CHz—CIZ:O - C02 (”)
REGREG-CHR + RO R—CH-C=O ——— R-CH:CCHzR'
0—C=0 o
dialkylketone
AKD

1. AKDIK 2 4 pl — foe B i 04k 72

Levogulcosane, etc.

| 9
R-CH2CCH2- R’
(2)

(1) R:C16, R":C16
(2) R:C16, R':C1s8
(3) R:C1s, R":C1s @)

©)

2. B[R] AR 73 4T 4Rk R B AKD

Pyrolysis temp.: 600°C, carrier gas: He, split ratio: 1/50
Separation column: Ultra ALLOY*-1, 30M-0.25F

GC oven temp.: 225°C - 20°C/min - 330°C, injector temp.: 320°C
Sample: 2 mg, detector: FID
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[ R Q0 DT 22 G ehE AR IB B E P 45 F B0 62

D 1 22 A BBIERLHYENTHRENE, SHEBRE
46° C. MBYHEE60+ 5%y, BB52K, EUK
£1200ugBY 22 4H G TE600E R E R E34fR, &HSIE
NS, EETUEZE L YEHNIZE(SCD)E

MBS,
ghig: Q0ELPIR, FEERIBHIZ24 6, HEIZBIEE

BE ERHIE, (FRAREMKIRBIEMELME,
O MIfE 2241 58P Met, CysFICys-CysixEB=
2, E24RURIPID. EINEL ML
1%, FPEEREEZSS0IRSDAY)E5%,

~

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-046E
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Iﬂ

o 2

v, 5 a

@7 & 2 i,
m I =] I = 80

5 b4 B

[ &) J |

A L !

| | |

(b) |

-

I l e . A Y P
S R | -
L | L L L ]
0 2 4 6 8 10

Retention Time (min)

1. 2240 Fh1E600°C YL [4 fE fa RO R iR 6 i 7]
SCD# N2 (a) T (b) JehE 52X

=1 4 mBREERENESMARERE = (Py-GC/SCD)

i

_ SEELTERE [mmol/g]
EHmaERE (REEE =[Wt%))
No exposure 52-day exposure

\ 14.8+2.9 10.6£2.0
Met® (0.22) (0.16)

b* 14.6+0.8 7.0+0.2
Cys (0.18) (0.08)

) 1.48+0.19 0.54+0.23
Cys-Cys* (0.036) (0.013)

a* from peak intensity of CH,SH
b* from peak intensity of H,S

c* from peak intensity of CS,




J-1 ™

[5] L RS AR 2 A AN RV U0 BEAT AR
SRR WRATEL, EALkE?

HCBUH R AERETE A (He) MEAA (F
O AFRSRKAFRRETN, EERATE
=K.

fEHPY-GCIMSIEHEIA, 43 Hr MHFLAE 23 SN
R 5UH F7E600°CHI800°C 381 T 24k I,
WL, JyEIm S W, MHEAE 2 U He S5 AN
A 7 S B R R R 0 S R X0
ERSAET, METE600°CH ARG =M
Jeiti T, Mi7E800800°CHY, JEtt T ZLfi s,
(Rl Z BRI AR R T o A 2 U5
H, S5 W, #E800°CHT JE i T 4k A i# v 3-

DA

g3

LTHEMEE AR

- )

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-062E
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In He In Air
BT
L1 e T
Y7
600°C 600°C
o o (RO LU
Sl
/X 800°C| | L3%=f 800°C
Vil E
R 3ziGEmrg
IR K
Lu&lil,lmk' T T T T 1 L e B B

1. AR S S5 7E600°CHI1800°CHT ) 24 gk ]

Pyrolyzer temperature: 600/800°C, GC injection port: 320°C, GC oven : 40(2 min
hold)-320°C (20°C/min), Separation column : Ultra ALLOY-1 30m x 0.25mm i.d.,
0.5pum film, Column flow :1.0 mL/min, Split ratio: 1/50, Sample wt.: ca 0.5 mg, Other

\ devices : Carrier Gas Selector, Selective Sampler, MicroJet Cryo-Trap /
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AT £ FH 22 5 SRR M W il PP PR 3R THD 3 \
P71 ?

403 l, Hygold100H 4 500ppm 1 = (2-
ZECE) EE YRR (DESS) 1 K s
e EETFERZHHREMACH) F0U1E]
EGA-GC/IMS 775537

gR: W17~ K 72 DESS A Hygold 100/ EGAIG:
HEFE, 100-180°CH FEil i ik &4k 54, DESS
1£180-270°C 2 [Al#{ i, 153 (2-4%C
) BOmNE (DEF) . iZRE5 I Hh i b

TD-GC / MSA &M T, fERA M HOE

IEAL R, DEFSENH R E2-apis; i
R E, mTRKBE TP A Y% DEF
AW, 45 R uE2-bfR. DFER] LA

TEIT SR, TP DEFIE I HoAt AL &1 )L F-
WeEBR T, L E I AR AR R 2=

RSD=4.7% (n=5),

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-070E
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Hygold100 (& #77H)

DESS (%Eiﬁ‘r %U) MaS;OSPGCUum of DEF
160 °C M;
l 100

211
200 m/z
100 200 300 °C

10°C/min

%]1. DESS #1 Hygold100fJEGA #it: ]

>k B Hygold
AN E D)

alk g it E | Heart-cut

P

100 300°C

m/z: 112

b. 9.0V E|Heart-cut

TIC K
100 | 300 °C :
1(%0 m/z: 112 S/N: 120
M
5 10 15 min
&. 2. TEE5#HrHygold100 FIDESS (500 ppm)

(EAF IO YE|Heart cut-GC/MSA %)

K Separation column: Ultra ALLOY*-5 (L=30 m, i.d.=0.25 mm, df = 0.25 pm),

Pyrolysis temp.: 100 — 300 °C ( 10 °C/min), GC oven temp.: 40 — 320 °C (20 °C/min, 4 min)

/
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-030E
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TR FERE =
- ™
OH [ \
25 PR 1 o
| MR :
C16-C18
HERZ NS !
IR

A C16:0
ci8:2 J

ZjFRIR2

WUM

10 20 30min

1. PAANAS [F] 7 b 26 F B i O TIC T [

Multi-Shot Pyrolyzer: EGA/PY-3030D

Pyrolysis temperature: 550°C, Column head pressure: 50kPa, Split ratio: 1/50
Separation column: Ultra ALLOY+-5(5% diphenyl 95% dimethylpolysiloxane),
L=30 m, id=0.25 mm, DF=0.25 pm, GC oven: 40°C~300°C (10°C/min), Sample:
300 pg, Detector: MS (m/z: 29-550, 2 scans/sec)

\ /
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Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-006E
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TD:100°C (5 min)

C9 C12
AT~ s
[ _\C
fraction “a” 18
N
C21
r "N
B. Xm
j2
5 2.
=_ 80O
5 38 2 T
C -‘L + = . [13 ”
fg S 5 g fraction “b
o — 9 o o
S 2 £ |Q
2 T &< | <

0

5 10 min

&1, Bl A FIR GBS B 1% & ((TD)-GC/MS)
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QAT TE 1 53 AT RO TE B 73 AT 1 57 BB A E‘JiE{tIZE\

SRR

LiE = A B PA7IDeBDER L | B AL R ILAFE &
e, R EGA-MSHEF(TD)-GCIMS T 4
RKHITAHT

ZR F1ERT EFEMAIEGA HLK, BERF-

Search# 4 HI5R & W E R ZEEGA-MSFH 1 ZE 7]
LIENEE400~500°C X o] H i M E E I 2 RK
Z {7 HIIE ; 7£ 250~350°C X [H] A 55 1& B F 14 it
EEAM/Z 799815 FEFm/z 959, AE R
DeBDERMFIE S F, HH UL/ 1% &AM ith I B &
|[B#8%rhiAIN T DeBDE, MXNEREE,
17T LK B DeBDERIH R Mt B E 14k =
200~400°C (20°C/min), E2B R T 1EX &
T @i {# FH(TD)-GC/IMS /5% 82 #IDeBDE
HIEILESER, REAE, £HEMHYIDeBDER
PMERTFRFE T, 8257.1wt%DeBDE

RO E EPIE 1 3.5%. . /

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-052E

[®) FRONTIER LAB

/TIC 7o

400
| ‘ | ‘l l 959
Pyrolysis of PS backbone

‘ N
- ™
Residual solvent, oligomers, etc. XS

Elusion of DeBDE
N S, N
-/N/-\\—/\J

~

[ [ [ [ [
100 200 300 400
m/z: 959 . TD condition : 200~400°C
[ \ [ [ [ [ [
100 200 300 400 500°C

K1. [EHEBHMEGAHGEE (EGAKE)

~
/

Peakareafor DeBDE  TD condition : 200~400°C  DeBDE
(x 108, m/z: 800)
1 17.05
2 18.15 st "
3 18.78 yrene trimers
4 19.07
5 18.30
—Average 1827
_ NoBDE
—RSD{n=5)y—35% .
JL
o T mw —n MJU\Jq e
5 10 15 min
&2, EFEME LR (TD)-GC/IMSHIXR)
Separation column : UA-PBDE 15M-0.05F (Frontier Lab)

K Thermal desorption temp. : 200°C~20°C/min - 400°C /
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]

FEADD-MSO6HIFEER, &8 RMFIFRHER R

RIZLAR LR, 27E600°CEH T Bt Py-GCIMS
75/% :?:I]E’]/%\%ﬂu?(”hﬂlﬁ)ﬁt“nﬂE’]MS%&*EJ_Q /3\%7]!]
FIFER = T BRI ERMaEERN
FERZHELE ATUNESE A?i“?”ﬁﬂi
FEFARIFI R B IR R, XA IR IE,
B [E1 4k B9 BR 3 )7 (PP) B B D075 AT LU i 8 i
EEME, MXNBILE &I TD-GC/IMSH
I

K|1(a) @I TD-GC/MSH LB EIHIH B Uk
PPHITIC, IEAFOIEBR 7 1% & B R 45 R FI1E
=1, B FEHRIBLETMMBEE TXE

Mg, E1(b). (c)F0 (d)RFETFADD-MS06%L
1272 B BRI RO AR AR 1L K], @i Ehigix L
R, #E[E Yk B9PP A A7 00 7 B0 PR N I A AT LA

WA, ERIEAZEALT, EBZ LT,

/

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-054E

[®) FRONTIER LAB

~

(a) Recycled PP Peak A Peak B
(RI': 3430) (RI: 4453)
TIC \
J A L ALL,J'\
I \ \ \ I I
5 10 15 20 25 30 min
Chromatograms stored in the additive library
(b) tris(2,4-di-t-butylphenyl) phosphite
oL
(c) tetrakis(2,4-di-t-butylphenyl)-4,4'-biphenylene diphosphonite
L] L
(d) decabromodiphenyl ether
l A
I I T l I l
5 10 15 20 25 30 min
. 1. PPRYE I [0 T7 1 e o RO AR AN 71 2R

TD: 100 - 300°C(20°C/min), GC Oven: 40 - 320°C(20°C/min, 4 min) - 340°C(10°C/min),

He: 1.0 ml/min, Split ratio: 1/50, Amount; 0.3 mg, Col : UA5-30M-0.25F (Frontier Lab)

& 1. A0 A R R4

Candidates compounds qu'\gﬁ:;[r;/o] RI
1. tris(2,4-di-t-butylphenyl) phosphite 62 3451
Peak A :
RI:3430 2. 2,4,8,10-tetra-t-butyl-5,7-dioxa- 55 2888
: 6-phospha-dibenzo[a,c]cyclohepten-6-ol
3. 2-t-butyl-6-methyl-4-ethenylphenol 1 1535
1. decabromodiphenyl ether 89 4412
Peak B isomer of bromophenyl
RI:4453 heptabromodiphenyl ether 13 3738
. tetrabromo phthalimide 5 2814

\
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IAIAER1PRESEAINER=
Rt Bt S E S 2

] B R B T RO A

7T PR TR E RS AT BB SA DA iE (EGA-
MS)EHE, mEMPVCH G ILEE
7F$nnq:/\%J/?F\7JDT/\ﬁJTHH’]AB — P58
BH|, EE2RAZ1%, BITEGAH EFEMII,

TICE%I K1,

A IRMEGAIEE], WEmEIARTIE, EBE
FRTFAMFNFIPVC, MATZR = B BEFERO4FAE
G E R AT IR H, | 05K = B BRI RO DB B A4
=S 2100 -350°C,

o
]

~

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-063E

[@) FRONTIER LAB

\

100

&1 REFEAMINK

Di(2-ethylhexyl)phthalate (DEHP)
Dibutylphthalate (DBP)
Butylbenzylphthalate (BBP)

Diisononylphthalate (DINP)
Diisodecylphthalate (DIDP)
Di(n-octyl)phthalate (DNOP)

B8 FaHm

N
r B

EBFPVC

200 300 400 500 600°C

m/z 36: PVC (HCI)

m/z 149: Phthalic ester common ion

miz 206: BBP
m/z 223: DBP

m/z 279: DEHP, DNOP

m/z 293: DINP
/\\ m/z 307: DIDP
100 200 300 : 400 500 600°C

| @ »:
>

|‘
BB Bt iR E St : 100~350°C

1. PVCHITIC HREE EEFMMIZEFH LK
(EMIBEEFARINE T 1%)

Pyrolyzer furnace temp.: 100 — 600°C (20°C/min), GC oven temp.: 300°C

EGA tube: UADTM-2.5N (L=2.5 m, i.d.=0.15 mm), column flow rate: 1 ml/min He,

split ratio: 1/20, injector temp.: 320°C

— RS

(0.1% upper limit by Directive 2005/84/EC)

~

/
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F# Bkt (TD)-GCIMSHE D T B It B dh iy )
WRZPEEN, FRAFERESEEREN
B2 L KRB S E EIRAKAY

VAR FEMAZB R RITE R4S B IR, SRE &5
BRIAEREERKA &S, AMAERER (TD)-
GCIMST &R 7T 417K — B BRFig I H1 i Bt R
& &4 E /9100-350°C, {31 B 4 oA 5%
FitENRK RGNS E,

E1R=RT @ (TD)-GC/IMSHKEBH A BT &
WETICK], RN EFEL7-187 4RSI E B R
13 B IEABAR Z BN 2L FIDINCH, £R B
[B]7E11F016 7250, HIEEMMEFER m/z
149, 223, 273, i,y 2DBP FIDEHP, ix%t
SRR Z BRSOV E K29 250 ppmFI300 ppm,
R RBIDEHPRI E £ (n=5) 25%RSD
SEIER ML R FIDEHPRIE T 21% . EF

Y
]

RO R /T U3 & T Bl f B R RIS AR AL

Ref: Multi-functional Pyrolyzer® Technical Note, PYA1-064E

[®) FRONTIER LAB

/DBP (dibutyl phthalate)DEHP (di-2-ethylhexyl phthalate) 0

Ca. 50 ppm

-

ca. 300 ppm

N

N / 0

6 7 8 9 10 11 12 13 14 15 16 17 18 19  20min
I VY v Ve

— Mo JWWJ M‘m e W J
6 7 8 9 10 11 12 13 14 15 16 17 18 19  20min

K1. PVCHITICE % & FIHIR B FHFE ik & ((TD)-GC/IMS)

Thermal desorption temp: 100 - 350°C (40°C/min, 3 min)
GC oven temp: 80 - 320°C (10°C /min, 6 min)
Separation column: Ultra ALLOY*-1 30M-0.25F

o

0-CgH,q
0=CyHyg

0
149
149 0-is0—CH,
©¢oc4Hg @050% DINCH
0-CH,
0
0 167
41 223 1 279 _
g JESRK — B BATS
K 100 200 300 mlz/ \ 100 200 300@ ggigﬂ?‘fu

~
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(R RH:

UVIEEME i iSRRI SR BV & YD O] I B \
UV/Py-GCIMS /& 01712

X i {EF UVIPYy-GCIMSHFi#Z A DM AIGERUVE
1Bl (dry film) , AR G(ERE3E
K, K#J350uQg), 60°CTEHe G F4Ah
BREIZ RIS LOD 7, (BRRMEEIN A ST
25 (UV - 1047 Xe) XA TAIE N FER,

TRBEENLEHFE LN EENNRET,
MR BB CPRE R B0 A& 4H D BI BB 1t K SR B RUK
K, WELFiR. —m, TRERNEES

BREGS, REEBRIREMSIEH  B—T3

H, TBRNLESNTOIMEGE, IR

ZHENILEMBIE300 ppmBIPEFRIFES

BE5(MMA), #UERBE, UV/IPYGCIMSH#%:

RO HTUVIEEME A RS R DU B & DI,

ZRIEEEC T RPRB 2t E 2 BIAIE,

= J

Ref: Multi-functional Pyrolyzer® Technical Note, PYA5-001E

[®) FRONTIER LAB

/

/

L=
BA UV ES. % 28
o & B E
@) % = 1
= X
) |_3E
>0
& UV st S 35
' = £
L c o
o 0O x1
N
A L AN L___,‘_ A ¢ M
@ e N
£ 8 B e
B & e i
. Nmz b ity B
%A/ UV ES N
x 10
ﬁ uv ’Eé%\‘f
| | x 10
I T T T T T I 1
1 2 3 4 5 6 7 min
K1, 2 HTUVIERBME RGBT RE (dry film) B EY1E 4 )
Micro UV irradiator: UV-1047Xe,
4 B4%: Ultra ALLOY+-1 (dimetylpolysiloxane), L=30 m, id=0.25 mm, df=0.5 um,
%= He, Column flow rate: 1 ml/min, split ratio: 1/10,

Kj‘ilﬁ:: 350 ug (3 mm diameter disc), GC #RFEE: 40 ~ 300 °C (20 °C/min) /
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RHKBREEPCTEY O/ AL R N = AR89 3T, x

{ERLEIN LB A/ ER (UV/PY)-GCIMS FiF A
HFBRPCIEN/HVEIE R T IERATTR, B,
PCHEGRTELO0CCIESSS N TSRS L)),
HESLERG, NREPHZESUH AR
PCHGPREMEBEIELY, K2, EHEH
PCHER BRI TMAH TR L BRI N

K1 E 3 T PCHUHEERIRARER R, Bige, =
SYDREDIR A D2 LI BB E R F R
BEMBETEHIRN, AL, A BisAR1Z
BPCRVR A M IEmR =YD, HEHIFERE
ESMNZB D EN. K2EmUVEEIRPCR]
&, BisAlZ(E53EBINILL, WEEIUVEIEIRG
BisAIR (g iR EIEN T 10/, x3KR0A, RS
BERE T2 RO, KRR TREWL T
TEETEIERN/ZMEE (Rx/ PY) GBUEERS
R, AN ERNGE, RE2WRAEDIZ

ZERIBOIE,

/

Ref: Multi-functional Pyrolyzer® Technical Note, PYA5-002E

[®) FRONTIER LAB

Ktemp.: 100 - 350°C (20°C/min) /

4 N

Mo~} C(CHy)5{0)-0— Co— M

In air atmosphere
Photo/thermal energ Formation of branched structure

through rearrangement reaction

Scission of polymer
main chain

Ho—~(0)- c(cHy{0)-oH WW—0—((0)-C(CHy)z

Branched structure

O—CO—O—@~C(CH3-){VVV\/\

CO-0~{0)—C(CHHMW

K1 . PCTENANEILEH T REMEIL LI

Bisphenol A CHso@'C(CHs)z’Q' OCH,

Bis-A  dimethyl este COOCH,
% Peak A

UV OFF ‘ UV OFF 7
. L J .
UV ON UV ON LL
N " A l M
[ T [ T | T | 1
5 10 min 8 10 12 14 min

F2 PCRBHMIELMIBIGE & 3. PCHIRMEEILA
(PCR#fZfE R FARX | PYFTRA)

Column: UA*-1(L 30 m, id. 0.25 mm, df 0.25 Py furnace temp.: 400°C, Reagent: TMAH (25
pum), Flow rate: 1 ml/min, Split ratio: 1/10, wt. % in methanol, 3 L), Split ratio: 1/50, other
Sample: ca.15 ug (thin film), GC temp.: 40 - conditions identical to those in Fig. 2.

300°C (20°C/min), Thermal desorption (TD)
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wfE:  BEBTIEDMIPHERKSEMR (HIPS) e N

e A TR R 2 2 I N R o _~ UV irrad.: OFF (1 hr), 60°C, in air
T/ AU DR R R T B0 MEDR AR =4 s 13 T O e, Cre e
®)
FRORESIREY, OB SIEL YT, AX10uL X
— AN . - . X eee System peak
BIHIPS —# RS iR(HE 2 mg/mL)BTERE / P
SR, HIPSHBIEB0°CHZ S ET IR s
— B, B R R YD B 5 8 D Bk O
EEDERT L. DRMNLRBEIE RS, D i
BESRZESUHEE, BRI B RTE6O- Lu l M
250°CHIR SR RHETHBIN, LS5 e 1 VI PO U Y WTRTON Sy
BY4H D5 [E] 2% & 1 AGCIMS R 4 i#7 Do 2 4 6 8 10 12 14 16 18  20min
sER: K1 T T THIPSZ RN IR RN e H 5 4 M= S , UVirrad.: ON (1 hr), 60°C, in air
BRI, &P T HIPSEIUVCREER | T S TD: 60-250°C (40°C/min, 5 min)
e T e N & e <] c
WERPEL. RIWAAPEE, AE2-NIEE L ¢ | S g 2
(BRHIPSH T ZiHo0E L IR . o % £ S
£ 0 I\ g <
\_ J 3 N 5 o
8 o o]
<8 %4‘\\‘2.4 26 28 30 0O 5
< I — c
o/ o Q
g > N
5 5 ? 3
pi @ 2 0 m
L 8
g 5 ;
Ll
‘!";\7",3"\""!”“\‘"'v““v""\‘"'v““v""
2 4 6 8 10 12 14 16 18 20 min
&1, HIPSHRUVERATE B 5 15 4 B R M8 L K
<UVirrad.> Micro UV irradiator: UV-1047Xe, irrad.: 1 hr, furnace temp.: 60°C, atmosphere gas: 10 mL/min Air,
split ratio: 1/10
<GC/MS> Separation column: Ultra ALLOY+-1 (polydimethylsiloxane, L=30 m, i.d.=0.25 mm, df=0.5 pm), GC oven temp.:

w"c(s min)-240°C (20°C/min), GC injection temp.: 250°C, carrier gas: 50 ml/min He, split ratio: 1/50

Ref: Multi-functional Pyrolyzer® Technical Note, PYA5-003E
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AT BB P HER AR ZSER R (HIPS) E%\

IPFEACEERE R S B0REAR

ERARBRRSEDIT(EGA)-MSIIED HTUVEEE,.“
[EERHBIHIPS, HIPS(2 mg/mL)#EEBTE—
FERME (FERMEEE MBI ERY), f‘sooc
HZESSS P ERMERIN LIRSS P HEIR30D
EI12IVHRE, B{EREGA-MSTIED .

K1 FoR, BHIPSHEBEAMEINLEIRSS
EEE(,.\\]-/J\E—J'J: BRI BPIIEMBNEERIET
10°C, BUfR¥IBIRE BHERAI89360 °CIFEZE
Em,m BY300°C, [F{ET60°C, @A, UEHZS
BEmZ. SRRBHEETENEIE S 9D
?%Mzawooﬁﬁ&’ﬁmoooo X FRBEREED
NFEHELEER, ARG FHBNTHREIR
%:/l\HlpsﬁiKsoou\aj‘ IESRTEPAIETEY
SBEIRIET14°C, HREVISREBRER
360 °CIHEZEHEIR/S69280 °C, [E{E T 80°C,
BRI EIREEEIRG B EIEGATIELK,
MEAELZBRIMIHRYEIRG S EIEGAHIE
KL Z2EE0, BT, MENLERSENE
EB'JETI‘EH (U ANEB & 5 B0 IR VLA
FIUNFE (300/)\i) WEB,

/

Ref: Multi-functional Pyrolyzer® Technical Note, PYA5-004E
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-

:,.--»-[Micro UV irradiator] -

~

Pyrolyzer/black panel temp.: ca. 60°C
Atmosphere gas: Air

\4

EWaveIength: 280~450 nm
‘Radiation output: 700 mW/cm?

300°C  360°C

\ A B

—

10°C

Before UV irradiation
(control)

30 min irradiation

1 hour irradiation

12 hour irradiation

\ 4
A

éWaveIength 320~700 nm
i Radiation output: 34 mW/cn’

14°C

Before UV irradiation
(control)

_. 100 hour irradiation

_--300 hour irradiation

100 200 300 400

&1, UVEEERRTFEHIPSEIEGAAGE K

UVIEE S EERSR (L) Xe THRAL(T).

Pyrolyzer temp.: 100 - 700°C (20°C/min), GC oven temp.: 300°C, UADTM-2.5N (L=2.5
K m. i.d.=0.15 mm), Carrier gas flow rate: 1 mL/min; He, split ratio: 1/50, sample:20ug /

500 600 700°C
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1 2 DR MR (Y (EGA/PY-3030D)

8 =
H% 1. Bhi#FE23(AS-1020E)
Air 2. HS44%22(CGS-1050EX)
D M——i 3. M2 (SS-1010E)
7 = 5 4. WIS HH(MJIT-1030EX)
———— A 5. BE&EEMDERE
n .l - 6. 2HFEZEGC/MS $EHB2SE (MS402180)
: 7. F-Search system (3385|2701 &)
> 8. WEIUVFESTSE (UV-1047Xe)
N 6

Py-GC/MS TR (UM RS R (N B Bt

ZINRENSLURES EGA/PY-3030D
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