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Development of Technology for Recycle of Plastics ( 1)
Thermo-Desorbing and Pyrolyzing Analyses of Recycled Polyethylene Using Py-GC/MS

Shigemi Imaizumi

BRI A7 v~ 7T T EESHEE (LLF Py-GCIMS) L C, HAERY =F L UMEB L OHlROKR Y =
T L B DRG0 & BRI EBS R T 21T o T, BBIED /A 1 7T Anh | BAEMIIZEREBE O KEDIRAIL
RN EDvRENTZ, —FH, BESHTORER, FAEMD DITHIREICIE R S0 BHT %7 > A F ROFE, 1-4
I BT H =), EOMFEERATREZL A DR SAL, BIREDEEAL L TWAD Z g sz, £, BAEMO
Wi v~ 87T MTRRERL AR OSSR DAL, PYy-GCIMS Z A L7z BT BN FHET 7 AT v 7

TR ZR <5 —FiEE LTHHAEETH 5 2 LAVRENT,

1. IIL®IC

HIERIRIE oA THETR OS2 13 U od & -2 HiERER
B xR —METE T TREE L TR Y, ko
KEAFE - KEVHE - REFEEND, FEIEMOREM
) PR - FREIELAEC X AR S~ DRI SR
HHITND, ZDTDFEIRAED b FAEL T IR S P
DT A T A 7 BT, BRERICELE L 723 as
fTEIZLRD LN TS,

o LR ESZT, BRNT I AF v 7 ERICBNT
b, BUE TR CRAT DM EOERE - INLe ZGH
FERES N D RAnIEE, PERFE R ENINE S, HA
Ly M LT, E£o, VG - Rasodd - s@lEi e
El LTHEERTE STV D,

LML, FTAF v 7 O~T U TNVI YA 7 TIE,
FIERF OB AR R OFARLHAMN O DRKORE, &
HE 7 EORBENE 2 3$4E5 5, ZHHREDREKNZE
BNIARANRIN AR SV o 72 & DO— 72538 Tl
WEREEL < RIERE LM NI~ T U 7L U A
I NEPTREIET D LV ONBIRTH 5,

Z 2T, AR CIEIMEREO—ER EEZ BT
HRETRTOTAORAIER L, BESTAF v
DIMEARFIZFE AT 2 R & 72 5 T ARIIZ DU CPy-
GCIMSZE A L TMT 2 & & i, MEDHIE
WZOWTHRFTT %,

AL, IXLDOEEE LT, HETIAF VIO
Py-GCIMS/HTIC L W E D & 95 2 EMRAE B D 0%
RC&ETZ, TORNDANTHONTHIET D,

2. EB

BEAEEICBOTRIE SN TV DAL v hafRft
LTH B, Py-GCIMS IZ X D50 &1To 72, IEARRIC
& S D ARGy % 53T S B To DI BS54 21T 5

L e BT, BEESDORBEORADHEL RS 5125
(IR R AT A AT o T

2. 1 3k

BN SIRAE SN 2 SOFERY =F Lo~ L
v b (PE-1 BEUPE2 £9°%) BLO, e LTl
iR HDPE <L k (/37 7™ HD HI580 ; HAR
V=F L2 (F) 20Tt Lz, o0,
¥ 1 g 2B JFC-300 (HASHT T (KK)) Th
WRHE (PR HIFRER] : 10 40, ByWeisEf : 10 49) L7z,
2. 2 BWESHTR X UBRERS ST
IMBEGFRL T V> g v b3 A v T A % —PY-2010iD
(TarT 47 « TAHRER)) DEHE ST BFET A
-~ 7T 7EESHTE GCMS-QP2010 Plus (k) B
BUWERT) AR LC, BRAE ST L OWREIEA S S HT
1T o7,

2. 2. 1 BPESRM

FHE A RNEMAL LT AT L Z2RERE D » 7128 5
mg OB Z BRI Tf a7 =2k v LT,
~U 7 AKGE (540 miimin) FCEEHZ AL BiE L
7oA % GCIMS [T Lz, MEUFIE 100°CT 1 43R
REF U721, 20°C/min © 280°C £ CTHIR L. 5 ZyMfes
L7,

2. 2. 2 BOfR&kMt

AT & [FRED AT L 28R~ 71259 0.1
mg OREREIZERRL T M a7 A4 =2k v b LTz,
~U LK (54.0miimin) HC 600°C DIF N IZBEREIC
WHWTFIETHEZRASMR L, ER LIS 2 %
GCIMS [T A L 7=,

2. 2. 3 GCIMS%#r

A7V IIAF T TIZLVFYET
U —77 LOFBHRALEIT < O—H157 & KI-190°Clz i E]
L. BWERS I L OB Ry o flite LT- %, mEID



IR IRPESE e L 27— RIFEHE No. 5(2011)

{51k ERIRFICSE 1 DS L0 ot LTz,

3. BRRUOEBE

3. 1 BEARY)=F Lo OBRERGHESHT

FAM PE-1, PE-2 BIOMIGLD /(A 07T AE[X
LITRT, oM 2 fE, iR E HICKRER oA L7
©£ U 00 TF LT 4, NN T T 4 DY — T FERIE
AERBED A 0 7 BdgHiL U, WY =F Lo Ligh
DOEEDORKEIRNT N RSN,

3. 2 BEAR)=FLUOBEBLEST

M B KOS 100°CH 5 280°C £ TOBLAE
D h—ZNAF s a~< 7T A (TIC) #X 21
R, WAM, T & BICREFEBDMEELD n-XT 7
4 OE—7 PRSI, IRSEEDMBE CESH DRI
KEFETHDZ Enb, TR DITHIEORIERNC AR SN

11,000,000
>
@ c, Cuo Cy» c
c 35
] Cis c Cys
c 20
= CAO
AL LA
0 10 20 30 40 50 60 70 80 90
Retention Time (min)
14,000,000
Co BEMPE-2
¢
b C7 10
‘0
% C1s Cyo Css Co Css
=
CAD
T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Retention Time (min)
11,000,000
[=]
.. AR &
> Cyo
‘@ C C
E ' Cis Css Ay
£ Cao
T Jl\‘ T T T T T
0 10 20 30 40 50 60 70 80 90
Retention Time (min)
B1 FAEMBIOHRGO A 77T A

Retention Time (min.)

X2 FAEMPBIOHRGEOBWLAESHT (280°C) 1

F5 TIC (n-ColiFRFEnDn-XT77 4 2)

#1 GCIMS 53 4tt
Column Ultra ALLOY™-5 (Frontier Lab.)
30m X< 0.25mm I.D., df = 0.25um
Oven Temp. 40 °C(2 min)-5 °C/min-320 °C(32 min)
Carrier Gas He 49.5kPa
Column Flow Rate 1.00 ml/min
Injection Temp. 320C
Injection Method Split  1:50
Interface Temp. 280°C
lonization Method El
lon Source Temp. 230°C
Scan Range m/z 29-800
18,000,000
BAEMPE-1
oy C2 neCy
n-Cyg n-Cy
n-Cy
-‘%‘ n-Cy, n~Ca
E 2 n—Cyy
- n-Cg
nCe (g n-Cgy
\ n-Cy
n-Cy n-
T J T -4 |.” T T - T ’ \ACAZ
0 10 20 30 40 50 60 70 80 90
Retention Time (min)
3,500,000
34 n*Cmn_Czr?—c ﬁEHPE—Z
n—Cys E
=
2 n-Cy
g1 f
g o\
n-Cp, ZCV \ 6
i Ll
0 10 20 30 40 50 60 70 80 90
Retention Time (min)
2,500,000
MR
n-C;3  n-Cyp n-Cyx
n—-Cy n~Co
n-Cyy
n-Cyn
2 n-Cys
b n-Cy
é n-Cgy
n-Cy
¥ n-Cyg
. L
0 fo 25 3‘0 45 55 éo 75 50 90

B



A Iv—ThbEEZLND?,

TR T n-XZ 7 0 VPN O E— 27133 L A LR
Lo, BAEM T —7 UsMC b %
Bov—rnAbhiz,

BHAM PE-1 I2oWCZ e~ b aHDOE—7 1 &
2 M LA R, BB IERICH DY T F L e Rad
v by (BHT) &ZOBALAESM THS BHT
Y AF R (BHT-QM) Y Th-o7 (£2) .

ZNLISD E— 712N Tld~ A AT MVIERIRD
BT — 2 _R—=ZRBRERN G SN oT, L,
EEERR & 22 B — 27 IO\ TUE, M3 ITRT LI+ &
AT NS 14 BEREAIROA 4 B — 7 BN S 7
D, B—727 a bl oWVWTIEA A B — 7 FEORRKE —
I miz = 4n+1 THDH I ENBRT T 4 VRIRIEK
F.EEE—Z oV TiEmiz=14n—1BX N 4n D
AF =7 REN miz = 14n+1 OFRE & k&
TEMBT LT 4 URBALKETH D LR END Y,

FAM PE-2 OEEE—7 OB RAFK 3I1TRT,
NEWEE T ~ A RRIEAl [ALv A BT IR (B—72

8) : #l%x1% Diamide O, =V 8T I K (©°—7
10) ; Bl xiE Diamide L-200] bt X — K7/ —)L

LB LR (A7 2 F T u et x—h (B—2
11) ; Bl%1X Irganox 10761 23R Siviz, F7-. Hiig
(=27 1) R 1A #Th/—) (E—2 6) Lo
raBFEmbmit iz,

Fesk DB & DEREE F Tl %< DR U ~—13#,
Kre EOER G Mb - THEF LA T D Z LB

#£2 FAEMPE-1 OBWIARK S (B—7 1, 2)

v—7 A&t FEEIR
No. (%)
1 BHT &/ A F K (BHT-QM) 94
BHT 98

#3 A PE-2 DEWiAER )y (B —2 1~11)
v—7 ALEW4 FAfI=R
No. (%)
1 [Efdl7s 98
2 BHT &/ AF K (BHT-QM) 96
3 24-THtert-7F )T = ) — )b 95
4 BHT 94
5 2L F R 90
6 -7 %571 —n 91
7 ATT U R 93
8 LA VBT IR 94
9 (132)-13- Kk =hrU v 90
10 TAHEET IR 88
11 N-1757" v-B- (4-t b nxy-3 5" -tert- 75

T FWT =) 7 mt” =)

IR L & —HEE No. 5(2011)

THY ., 300°CLLT DIRIE THIIES LS 2 5 & &FEiA4
L7400, MEOT Va—L, TAFE R, Bl
DAERENDZENRHALNIRS>TWNS Y, ZDZ L)
5. FEM PE-1, PE-2 I3FELAOFRPAS N TR &
DOEKNZEI W HE L, EOREFR BHT-QM & fR LK
&, Wi, 1-F7 0 7 — Ve &Sz L HEER S N5,

n—-Cyy
B HPE-1
C
=
k7
c
]
£
T T T
43 44 45 46 47
Retention Time (min)
85
100
a
57
g 71
c 43
g
£ 504
[
2
K 929
[}
o 113
127
i 155
183
2 Jliilszw 2 309
o bbbl oo o L Lol TR
50 100 150 200 250 300 350 400
m/z
57
100
b
71
> 85
‘»
c
L
£ 50
% 3 99
© 113
& 1 127
J 155
129 l 183 211 309
239
Rid 81V I'TAtze = %
R R
50 100 150 200 250 300 350 400
m/z
100 83
C
=
s
g 97
< 50 55
(]
=
= 70
g ] a 111
1 125
129 l 11i3 181 209 237 280 308 336
o bt L L b d e T T
50 100 150 200 250 300 350 400

m/z

X3 WA PE-1 OBWES v~ N T LADE—T D
< AANY M LOF] (REEERT - 43 min~47 min)



IR IRPESE e L 27— RIFEHE No. 5(2011)

4. ¥¢&®

Py-GC/IMS ZfEH LT, fAERY =F L HlE & iR
DR Y =F L U RBIE OEAE 58T 36 K OWREEN i3
EiToTm, 7 07T MR U ER, BAM~DR
B DO RKEDIRANDIRNZ ERENTZ, —F, FAM
DOEWLFE b= N A A7 a~ NI T AT, BHT
X UATF RN, 1A 2T ) —v, DML
K E DN DS &V o TR ISR SRV Ak gy
DR SH, BIESE LS L L T D Z LR ST,
Fio, BARCEAER A b B S d, Py-GCIMS ZFIH
LT=B\BLE TS TAE T T AT 7 RORINAIZ <5
FEDO L1 2E L CHAATRER Z E RO M- T, Bl
RS CIEEEOWERD 72N, 5% EHERC L,
FAMFFEOEM 2 EEHE L T ZERRETH D,

(& &
HAERY =F L UM L T2V 7o RS
DERRITL LD B L LT £

(%3]

1) WHE S, @ T DOEG R GCIMS il LUV A v 7
F L, T AT L, 512pp., 2006.

2) AT S, BYHIE 22(3), pp.193-194, 1995.

3) KW, mmr T OH LM & ZE{bidl, v —o b —
HifiR, 339pp., 2005.

4) &6 D, EAEFHIEE 2009-11, pp.19-27, 2009.

5) R. M. Silverstein et al., FHLAEMD AT FUZL D
FE#E—MS, IR, NMR OfOFH —, WAL E A,
431pp., 1999.

Abstract

Recycled polyethylene (PE) pellets and a brand-new (i.e.
not recycled) PE pellet were analyzed by thermal desorption
and pyrolysis gas chromatography / mass spectrometry. In
total ion chromatogram (TIC) of thermo-desorbing analysis of
a recycled PE pellet, peaks of BHT, BHT-quinone methide
and unknown compounds were observed. They were not
observed in that of the brand-new one. With other recycled PE
pellet, BHT, BHT-quinone methide, acetic acid and 1-
octadecanol were detected by thermo-desorbing analysis. It
was inferred from the results that the analyzed recycled PE
pellets had been degraded under oxidative conditions.
Antioxidants and lubricants were also detected by thermo-
desorbing analysis of the latter recycled PE pellet. It shows
that thermal desorption gas chromato-graphy / mass
spectrometry is one of methods for examining polymer
additives in recycled plastics.



