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Pyrolysis Products of a Japanese Oak

(Quercus mongolica FiscH. var. grosseserrata REHD. et WiLs.)*
By

Akio Nozawa** and Seiichi SATONAKA***

1. #% L]

A OB RERWCEETHHIEIL, KA, KEER, K21, KREeHDTC, &
SHBHEIRTETWD, UL, EEPEILEYWOBRE T CEMCI N T L5k
DR, ERHEVHOCZ LTRE, Lnd, BELOAEHESIHT LTV 2 0EIEF I
o K OB RBHECARMET K 3s KOEBMFRAL EOWROERE LT, JKHiichic b
DRERMOEE, EEROSFTHBLEL Sh5,

HLDBBRINTELRMOBRG BB T 2R3, 1950F6E % TR EH [Wood
Chemistry?| OFREELDHLRTE Y, KHREORFTOEHCIHBRRERYCEETLS
EEXRAWELE LT, 2B3DLEWHFIRRIRTWB, ZOHBOWIETL, Koy EAeR
PESFLTHBHPO R, e —ARVCBERE D, ~itre -9, y 7= -0
D R ORMBETOBGRERDETH L6005, THERE LT, B
HRAMFDOE L DILEWE T 5o, GCEHA L TWBHBE268~0 518 ¢ GC-
MS L FFSEW IR TE T3, BT EREY LTWAHE/P b5, Ibic
Bk DE D, BARATARE Lt n— 27 ERBMARL, LRWE S, HE LTS
B2~ 3 %, ¥, SHAFIZADEH H2%) (3, LA v —AEIV7 v Fefi S Ody
B, SBEHOBSBYFMCHAELTE D, AR TEISH LT WkB®TES LT,
MWL, SROBELH LW, EHOMEHESM L TCWBHE LT, HEYNs 520
X D-Glucose % 300°C TS L, GC 458, MSH¥ric X b, 56 DILEHERE LT 5,

* ARBo—TEIBEARRMESLBEIHAS (1980410 7, ja)ll) TRELL,
19814 8 A 31 H5 ¥ Received Aug. 31, 1981.
o JhE A FRERREREREE BE HFARRT)
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AWETIE, I X+ 5 K% 400°C 33 X0 800°C CHHNEL, BHPO=F1 = —F LT
SR M ESE L, GC-MS #4452 L X - C, ARBO X EMAESHEZBIE Lic,

EREOABEO—IL, HI3EHAAMFLIBELHAL (1980410 A, M)l T
E5 Lk, ¥k, BEEMRYD O BEEATHS,

AR B ICY Y, i SHE Rk R R RS R T 5.
¥ 1 MS BIFCOWTHEROBEY & 2 b h fo B PR MEE TR _HE, GC-
6 AM R DEE Y 52 bt kBB kO KRRH BRI, M4 hE IhiohEihyH
ESEEDTE, PBERE, AHEBESERERCL LBHOBYET S,

2. % B

2.1 ROMBEICWEH &

BT AAMBRE LT, X5k (AB¥TMNBRENSFEEKRE I X 7,
7~20 mesh. AR : 81%) LV, BOMBICHERBEOMKY Fig. 1 wrid, AR
34mm, REH0cm DAT v Vv AFXBESF CHERECHBAL, FHAE LTERI L
122K % 200 mé/min OFEE TH L THEL, Kk, KRRABREZ500g &M@+ - ricAh
T, MBELOBER S NBCBBE L TFAKLYER LK, MBSCHEAL, 10 5HKE
¥, B LT, BOREERIT400°C 5 X 0V800°C & Lic, BEIIWHETR LI,

Cooler
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Fig. 1. Apparatus for pyrolysis and trapping.
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LIQUID PRODUC
ether sol.
NaOH ext.
(3N-NaOH
5mix4)

ether layer NaOH Tayer

ether layer HC1 Tayer ether layer aqueous layer

?};tallliigﬂ NaHCO, ext. neutralize
5ml) (1M-NaHCO, (128-NaOH 5m)
5m1x4) buffer 10m1)
ether ext. " .
-UEE ether ext.
AMPHOTERIC
COMPOUNDS
HaHCO» Tayer
acidif
ether Jayer (BN-HC{
WEAK ACIDS 10m1)
ether ext.
STRONGER ACIDS

Fig. 2. Separation procedure.

WEETH T, £ T, BMEERCI-THHBLEE, GCoixToz kL,

HWE Ll E=F 1=~ F L CHAEH L, Fig 2 RTHBBC X - T, BBHER,
SRME, PHEER, EEERN mHEScoEL., SEE, RAYOoTEET® 2eE L
TR, TEEIHBET Y v A TER LK, BB SR, ki, FHHORIL, &
B EOEELBNIET B, BORHL O HE, BRE CIEERE L,

2.3 HRHY9A9 b I37 4—

£757vaviY, HRIZe<tbr 2574 — (GO HHExFo7t. FEHESEL Shimadzu
Gas Chromatograph GC~6 AM, GC-4 CM PF ¥ X 0¥ Yanaco Gas Chromatograph G 8 ¢
BB, » 7 xi% glass column, I.D. 34x2000mm ZH\, %+ Y 7 # A : Np; 40 mé/min,
Biligs: FID & L7z, M #1344 : Neosorb NS ; 60~80 mesh, [E5E#d: FFAP; 10%
& LT, 100~250°C; 5°C/min CREHHT L, TOMDO7 5 7 a Vi, #4E: Gaschrom
Q; 60~80 mesh, [EEM: GE SE-30; 10% & L, 70~270°C; 6°C/min THEH# Li=,
% ¥ — 7 HH L Shimadzu Chromatopac C-R1 A iz X » CEE L1z,

2.4 HRIRZ MS7 +—REDR

GCTHMIhIBEY—27%RAETHID, ¥A7e<t 777 —8BE5%H i (GC-MS)
THWET -1z, #FHET Hitachi Gas Chromatograph K 53 35 X U' Mass Spectrometer
RMS-4 ¢, GC-MS fi3, £+ 5 2HD Biemann-Watson B~y v AL — 22 i
BhTEY, tr—2t MSOMECER L 7XREBEIRTVWD, TARARZ F LORBIT
SAN-EI Visigraph FR-301 Tf7 57z, GC # 7 2 GC 4 ER—T, + + Y 7 » A% He;
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05~10 kg/em? (Ei2 0.6 kg/em?) & Uiz, #» 7 &RER, BEREOMRBRERREECRE
DEERWH I HTH5, 45 B Y EOREREEREMNE E CELHICAR (10°C/min &
B) L7c#, 1~5°C/min (i 2°C/min) THE L. MS &4ut, BFMEBE: 80V, TF
B : B pA, A+ VIEEBE: 48kV & Lk, 44 VERERSICEIA Y, £ v—20
BEEW, GC2BYil LicBEba B & MICHHRT 5 0 &b < fo, 200~290°C THEER
Ui, ERREO~ AR FARBET BB, LA - BHEEAEC Y > TR, 1
* VRIREL 200°C & Uiz, & 0RO EZREE 1x 107 Torr BETH 5,

GC-MS HHOBE, * 497 #AOWAKL L » THEEAETFH0T, GC & MS0
FhRECHD, v —2FHEO LIED (Constriction ®#FH LT, GCF++ V7 HRE:
06kg/fcm® TH 7 ARENMEAREBREOR, 414+ vEOEZEMN1x105 Torr BEEL 705
RN (ol Y |

AREARR, TORYAARZ VABEYBAIDK, $BORE L, SHEICR
BO—BERD, WBEHHES 5% T L, Hamilton 7105 € 3~5 pf A L1,

3. BRLER

ORI, 400°C; EREMT 26.0%, REW T 2447, 800°C; KL CT11.9%,
BERT 3% Th - KRHRE S g ORLMBCLERZ SR 21 £ DT, BEHE
HEE 200 m4/min¥ BMRPHAE L LTI D Py, Db 400°C CRRER TR & 28
KMOBHRNEMEC Lo DEEX BB, ETFOBLYBIMD - Fadelh & LTEE
WhtE e BT Lt ZBEAREIVNE o fotedd, BICBRRD BB OWTE, EESHE
BEWE TEM L RERR LIS DEEL bR D, Hic 800°C TiY,” BB BLAERRIC
fibh, BHYXERE LEL, BEAEEIND LRI OBILY BIET T 512, Bk
KRR LNBHEMIB LA EELLRWERC b DEEL BB,

R, £7 7793 VEOWTOIHRKERELRBNE2, GC-MS S OME, WEHRL
HETIIREBSABETHY, SR RELnl®, 77 2> vIBEOHER L D,
GHRAETH -, £ THBMERN, BRER, PUEROIHERELE<S,

21 BB E B . ‘

ﬁ@ﬁ%ﬁﬁﬁu%é&%&;4WC;§§iﬁ®muﬁﬁéf@otg%aﬂchﬁ
W&h, #0727 w=<1t 73 x% Fig. 3 ©RT, 400°C & 800°C % H#s+% &, Peak Nos. 1~5
WU LIEREEZTRLTWAY, 400°C TREH ALK, BB B A TGC-MS 4o TEik
oA NLSBERELTWS, 800°C TREBABIBLAEBEL TS, ¥, FEEL
W EZEH A BT 5 &, 800°C TIRERI LTV BA, 400°C TRERKMOFARENS &,
BEBBETNS -, TOEND, @%@ﬁ&%%ﬁklof %%ﬁ%u KAMENT
LEHSLOERDLRSL,
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W 72 101y Bl 18
5 || Pyrolysis temp. :
400°C
4 Atmosphars : N,
l4
\i iy
L L" I 1 ! L 1
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”
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Fig. 3. Gas chromatograms of stronger acid fractions.
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KICEBREE GC-MS SH L, ~AAXZ FADF — 22900 LHEBELTGC DL Y —7
DYWEREE Lk, HELLAND> S, REOAFTESLORONTIEDTAARY
7 b ARBIERE LY, REOMSHECHI- T, A—HHELZER L TRRBRLAE LSS
<, RBEOE, BxOEHOE, REA4 VOREREC LT, 7772V AF
S ORNBENETEMTBE LB ok, LivL, MS<x— valbbc Liki<, Wi
LiMS 7= 2943, &4+ VoMM BEDE TORRET, SIMED L&KLk, &
2, XMOF — 5135 OBBIC X B HFHREERR LIS OROT, HEBEOHST
MS B\ T, XA 4 vHEEREL R TWE LT R 5,

HE LB\ Tk GC ORFFFFE (Rt) % LB L7z, Peak Nos. 1~6 i3ThZh,
Acetic acid. Propionic acid, Isobutyric acid, n-Butyric acid, Acrylic acid, Isovaleric acid
LHEEER, MS, GCRt) & B < —B L7, Peak Nos. 7~10 D MS i3, WThiof4
FVE— I HEIND m/e86 RNEEXHh, MSk L0 GCRL) 5 No. 7: Methacrylic
acid, No. 9: Vinylacetic acid, No. 10: Crotonic acid & R%E Xh#z, No. 8 i Isocrotonic
mM@hﬁmkE<HﬁL,ikGCRﬁdMﬁLTM&Vﬁ %m%%D%ﬁm@%mw
crylic acid : bp. 162-3™, Vinylacetic acid : bp. 169™, Crotonic acid : bp. 185", Isocrotonic
acid : bp. 169. 3" % HE-+5 L, GCRY) $IRIE-BTHLHEESIND,

Peak No.11 ® MS % Fig. 4 iR+, €— 7 OFif B Lo T 5L, m/el00, 83,
69, 55, 45, 43, 41, 39 DX BMENE L THML T WD, LI -»T, FFA 4 vAaim/ell2
T, m/e87, 73, 6075 72V A A vEATHILENE, FTAH vHm/ell0T, m/e
83,69, 55107 7 7/ 2 V h A+ vEETHUENORE L~ 7 LEEShB, HTRI007

60
Allylacetic acid
Earlier side of the peak '._»y 100 55
3 CHy=CHCH,CH,COOH |
280 [ T
55 g
73 112 260 7
. <
87 100 2ur 1000M% T
é 20 | 4
40 60 80 100 120 /e ol M
6 40 60 80 100 pe
i id
Later side of the peck Tigl € ol 55 CHaﬁH 100(M*)
55 T
41 2| CHCCO0H i
112 Eel .
69 3%
83 100 § 0F 39 85 -
=2 F | 4
[
40 60 80 100 120 e 0 L " h —
Fig. 4. Mass spectra of the GC peak No. 11 40 60 80 100 we
of stronger acid fraction (pyrolysis Fig. 5. Mass spectra of allylacetic acid

temp : 400°C) by GC-MS. and tiglic acid.
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VMR VEBBTAFE T & 1 Allylacetic acid & Tiglic acid ® MS % Fig. 5 i3, Allylacetic
acid RXB w7 —~ 2 0ig b O TH Y, Tiglic acid (TXMMEEL L —FH LA tark
A~ LT\ 5, Pentenoic acid D BH:AE D MS 5 — £3 L LT Senecioic acid 2355, = it
m/e 100 (100%), 85(25), 83(34), 82(32), 55(32), 39 (34) DEAR I T\ 5B, %=, Pentenoic
acid ¥ DB S (3, a-Ethylacrylic acid: bp. 1807, Angelic acid: bp. 185, Allylacetic
acid : bp. 188-189, 2-Ethylidenepropionic acid: bp. 191-192, Tiglic acid: bp. 198.5, Sene-
cioic acid: bp. 199, cis-Propylideneacetic acid: bp. 201-202™° & /¢ T\ %, GCRt) i
Allylacetic acid 73 No. 10 D% D> a v #—D BB v, Tiglic acid ix No. 11 HEz %
2, LI b ThREOMBIRD S, LirL, No.1ll o MS |z Tiglic acid & % Senecioic
acid & R 5, BEEM: FFAP RXB#EME RO CHARTHE, —#ic GC(Rt) OfikdF
B¥srz bixc&inv, Tiglic acid X b 3 B#A D Pentenoic acid  HEET DT, GC
Rt) O—FTHLOxMflich Db LB 2 Bh, No. ll i3 Pentenoic acid DREHENREEID
CHEENRAS, b, FE12DOHAE BT, Furoic acid, Cyclopentenecarboxylic'
acid, Hexadienoic acid, Hexynoic acid 3% 2 b 53, 2- ¥ L O 3-Furoic acid {185 5
. MS p3 /b, Hexadienoic acid ®—2® Sorbic acid 3 MS™ 2R K%, &AM, M-
C=CH Y E2bh5 m/e8TREET S L 2 A0 mlell2(MY), 87(M—-C=CH), 73 (87—
CH,), 60(CH,=C(OH))) £ &% bh, FFRMC=ZE# & % # > Hexynoic acid & # & &

s,
Peak No. 12 » MS # Fig. 6 iR+, < &C m/ H

e 124, 109, 81 % Guaiacol ® MS & —# L, GC(Rt) 100

b—F Lk, F1m/el00, 55, 45, 43, 41, 39 T mle |

100 (M™), 55(M-COOH) & # x b h, Pentenoic acid a1 109 qp

D—ErHEE XN, Peak No. 13 2 Phenol &5 L O} . . | .

o-Cresol, No. 14 | p-, m-Cresols 33 X 0% Xylenols, 0 % & 100 120 we
Fig. 6. Mass spectrum of the GC

No. 15 3. Syringol® EEZh, MS, GCRt) & % peak No. 12 of stronger

B—F L7, No 161388l 57+ 2 v Peak acid fraction (pyrolysis

temp. : 400°C) by GC-MS.
No. 16-a (Fig. 12) & @—o MS # 7% L, Rt %, Syringol

OERTH B & 4-Methylsyringol &#H%E L7z, No. 17 1% 2-Furoic acid ¥ X UF Benzoic
acid L RIESh, MS, GCRt) LR —HK L1,

Peak No. 18 I MS 8 XU' GC(Rt) AR —ET5H Z & A5 Vanillin L #E I AT,
Vanillin i Fig. 2 05 Bkicfe 2F, BEBRERCBE T LBbhicoT, fioBlEHWED
B Z s S, Acetic acid, Syringol, 2-Furoic acid, Vanillin DB &% % % Fig. 2 I
B> THMEBRIE LT, EORSE, Vanillin 35 X0° 2-Furoic acid 03 & A K2 BAERM I
BB L, Syringol DRMA;IFTFHMIT~, MEHLBHBEB~BE L1z, T Acetic acid 12,



Table 1. Identified compounds of stronger acid fractions
Yield?)
Means of identi- £ O.D. sampl
GC peak Identification N}gﬁﬁﬁr Mgﬁ’;‘ﬁ{“ fication®) 4&1)%(/;8 > : mSI())OE)C References
MS GC(Rt). N, air N, air

1 Acetic acid C;H,0O, 60 P P 3299 2775 1178 1762 1, 2,6, 7,8, 11, 14, 17, 21
2 Propionic acid CsH;0;, 74 P P 1157 | 1003 993 | 1161 | 1,26, 11,12, 17
3 Isobutyric acid C,H50, 88 P P 107 109 51 42 11,2
4 n-Butyric acid C.Hs0; 88 P p " 267 214 292 256 | 1,2 6,11, 17
5 Acrylic acid CsH(O; 72 P P . 573 549 336 385 |1
6 Isovaleric acid CsHiO; 102 - - P P 184, 161 1,26
7 Methacrylic acid | CHeO; B3 P P 83 73 1
8 Isocrotonic acid C4HgO, 86 P NI 263 212 —
9[ a n-Valeric acid CsH;00, 102 P P 449 394 1, 2,17

b Vinylacetic acid CH¢O: 86 P P 1
10 Crotonic acid C4HO, 86 P P 1171 909 1, 2
1 1[a Hexynoi‘c aci.d CeH;O, 112 T NI 1150 795 —

b Pentenoic acid CsH3O, 100 T N1 . 1,2
1 2[ a Pentenoic acid CsHgO, 100 T NI 700 520 1,2

b Guaiacol C;H350, 124 small P 1, 2, 3, 4, 5, 6, 17, 18, 19, 20
1 3[8 Phenol C¢HgO 94 P P 1, 2, 4, 6, 14, 17, 18, 19, 20

b 0-Cresol C:HgO 108 small - P 1, 2, 4, 6, 14, 17, 18, 20
. 4[a p--m-Cresols C:H50 108 P P 199 292 | 1,2 3, 4,6, 14, 17, 18, 20

b Xylenols CsH;00 122 small P 50 79 1, 2, 4, 6, 17, 18, 20
15 Syringol CsH1003 154 P P 1, 2, 3,19, 20
16 4-Methylsyringol | CoHyOs 168 T NI 1150 381 1,2 4,18, 19
17[ a | 2Furoic acid CsH,0; 112 P P 972 246 1

b | Benzoic acid C7HeO: 122 smalt P 1323 432 17
18 Vanillin CsHsOs 152 P P ) 1561 509 5, 18

Total of all GC peaks 23673 11450 3732 4382

a) P: Positive identification

T: Tentative identification

' NI: not identified

b) Yield was represented as the GC peak area calculated in acetic acid equivalent.
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MELEBER~BH L TET, BLALRABRRBCETCLE 5, ZOREENLD,
Vanillin (3 8BEH & Th %W ETH Y, No. 18 % Vanillin L EE IR, Fi, BRI
Wi BRI KT B S Oh %, ERISIRBFECRETIRING, TH 5B R
ALTWBb0EELBRS,

DEDREREELDHE Tablel DX 5, +0—FOHEER% Fig. 7w i1,
Tﬁbl@%%ﬁ@%&%@ﬁm,GCE—;ﬁﬁ%A®Madd&Lfﬁﬁbkﬁﬁm,ﬁ
ZlgDARMrLRETHREE LORLE, X8, SLAMIAN ¥ It F DR Y 0 B4 i
TRATHLERRRILIEEB L VB LORRLE,

CHy HCCH - - CH3CH 0+, COOH
= | [ CH, =CHCH,COOH 1 [ ]]
CHZ CHCOOH CH2=CC00H HCCOOH 2 2 . HCCOOH l
5 7. 8 - 9-b 10 17-a

Fig. 7. Constitutional formulae of identified compounds of stronger
acid fractions. '

SHERAREL T, BRMEENSPA DRA T L%k, FID3HA£= 1 ic BE I
W DT, Y- 7EE% Acetic acid & LTHRELLEE, 7=/ — A HPYHBEL, AL/ »
VEVBTHLIVERELDIR, EEOREBI VI AEERE-TWBEEELLRS,
21T FID O FE B MHxHEE S Phenol # 1 235 & Acetic acid 3027 Th 7z, LIchio T,
KERBCET 502 BLabEs L, BMHEBOS  DWAME Acetic acid TH 5 B2 b
NB. BRI 400°C DFRE L, KH TR - THYSBOWEN L LT 5, 800°C
CREFFHIBMELEAET, I ) BRIAHERY LA YRS KAMShTLE S bDEE
% bR, |

AEBR T GC & MS &2 LEFETHH LT R, 0HEIERIWEDIHN
B L, 400°CORBOBRABIIIKE — 7 Th VO TERLORBLTLE -
oo TRABOKE =713, GCTHIL, MS 99 (EEBA) +5HELIAUL, FHTET
bbHEEXBIS, '

3.2 B M N N

BERIABEER L, B 800°C; EREKORMIBE TS -7, ERBO# A7 =
<+ 75 &% Fig. 8 T, 400°C & 800°C Tt B 7 v =+ 75 althkh» T\ 5, 800°C
TIRERED E— 70 KBO A ED B0 LT, 400°C TREHEDO - 71EL ¥,
HICE R Tl Peak No. 24 LUgIC 7 = — FTAE /Y =7 % F L, — KBS BCER L
B AHES, SRSEEDE DTIFCHELTRS EBLbRB, 400°C L 800°C TIx 7
Bk 7T ADA R YR RSB LD, BAREESE L REDLBLORE,

B B ERE GC-MS B4 L, HiE LIALAND 5 bAFT & LREKE2UTix GC (RY)
2 HIE Licks R, Peak Nos. 1-7 i th Zh ?henoi, 0-Cresol, p-:an-Cresols, Guaiacol, 2, 6-
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Y
w ¥
2 Pyrolysis temp. : 460°C
Atmosphere : N2
P
2z

B Uu
C a N ' -
0 10 20 30 4

L

800°C, N

=

800°C, air

2

- x L

C 4. 1 ™
0 0 20 30 40
Retention time (min.)

Fig. 8. Gas chramatograms of weak acid fractions.
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Xylenol, o-Ethylphenol, Xylenols ¢ REXh, ThFhd MS, GCRt) ¢ bR —F& L1,
No. 8 i1 p-+m-Ethylphenols & Xylenols D R&E Y — 7 L EEZh, MS, GCRt) &3 —%L
7z, L L, p--m-Cresols, p-‘m-Ethylbhenols, Xylenols & Fh B (ki MS TR A
THORELL, GCRY PERIEEBIRFTE .
Telno iz,

Peak No.9 ® MS % Fig. 9 iw;Rt, ZDARY
P, RAARI PAT =20 OWThicb—&L
WO T, ThETRNINTETWHTAANS b
NT ST AT = a VO EBECLT, WEOELS
THE L, ThEFhO A4 4 v €~ 73 m/e 120(M"),

Fig. 9. Mass spectrum of the GC
94 (M-CH=CH), 91 (M-CHO), 65(91-CH=CH) , peak No. 9 of weak acid
m/e 91 {¥ tropylium ion ¥ XD LE I #EE gg%ﬁg;i;pég}ﬁés temp. :
%t 35 LE% Hh, Vinylphenol L HiE X 5, Peak
No.11 1%, No.9 L@ A7 b L DM m/e 110 M"), 92, 81, 647 EAMEML, Zhit
Pyrocatechol & —%& 1L, GC(Rt) 4 —FK L1, Lidi-7T, No.ll i Vinylphenol & Pyro-

OH 120(M*)

Q

CH=CHz

40 60 80 100 120

100 138(M*)
i 123
84| Creosol OH
£%r OCH3
Seof J
® = -4
% CHa g5
E, 20 -
ok .
40 60 80 100 120 140 160 m/e
137
100 OH -
® 4-Ethylguaiacol
80 OCH3 .
b +
'E 60} 152(M7)
2 a0t CH2CH3 7
= , i
2 20 122
o- J "
40 60 80 100 120 140 160 m/e
154(M*)
100 OH -
€80 syringol H3C0 OCH3 .
ool 139 i
240F N
8 111
] 20F l .
oL t il ) T II T -
40 60 80 100 120 140 160 mn/e

Fig. 10. Mass spectra of creosol, 4-ethylguaiacol and syringol.
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catechol DR G Y -7 L#EE LT, .
OH 15004
Peak No. 10 {¥ Creosol, No. 12 3 4~ 0CH3 135
Ethylguaiacol, No. 14 {% Syringol® &
Eugenol (#8) :REZh, MS, GCRy)
L3 B~ LI, Creosol, 4-Ethylguai-
acol, Syringol ® MS |3 3E® w5 — 2

| B 30 60 80 100 120 40 160,/
DT, O MS% Fig. 10 R LT Fig. 11. Mass spectrum of the GC peak No. 13
<, Creosol i m/e 138(M™), 123 (M~CHy,), of weak acid fraction (pyrolysis temp.:

400°C) by GC-MS.
95 (123-CO), 77(95-H;0), 67 (95-CO) &%

2 bin, 4-Ethylguaiacol i3 m/e 152(M*), 137(M-CH,), 122(137-CHyp) &% 2 bh5, *
%, Syringol {2 m/e 154(M"), 139(M-CHy), 111 (139-CO), 96 (111-CH,), 93 (111-H,0) &%
Zbhs,

Peak No. 13 ® MS % Fig. 11 R TH O TH b, mfe150(MY), 135 (M-CHy), 107 (135~
CO), 79 (CeH, ; benzenium ion), 77 (CHs) &% %, 4-Vinylguaiacol & #5%E Uiz,

Peak No. 15 i3 Isoeugenol L@EXh, No. 6 LB L& -~ vd A7 M AR
7z, Isoeugenol iZ cis- 36 L U trans- BRYEGEN D Y, cis-: bp. 134-58, trans-: bp. 141-28 3D
L3 F— 28550, Isoeugenol © GC(Rt) i Nos. 15, 16 & —FK T 5 © T, No. 15 % cis-
Isoeugenol, No. 16 % trans-Isoeugenol L #iE L7z, No. 16 ®O MS % Fig. 12 w3, &
= mfe 164(M*Y), 149 (M-CH,), 133, 131, 121, 103, 91, 77, 55 ic Isoeugenol DA~ 27 + -
EEhTw3%, 2hbEELINT, mfel68 M), 153(M-CH,), 125(153-CO), 110(125-CH,),
107 (125-H,0) & &%, 4-Methylsyringol & HeE Lz,

168
on On

acty H3C0 0CH3
153

CH=CHCHy

40 60 8 100 20 o e 18
Fig. 12. Mass spectrum of the GC peak No. 16 of weak acid
fraction (pyrolysis temp. : 400°C) by GC-MS.

Peak No. 17 13 Acetovanillone, No. 18 {1 1~ 36 X OF 2-Naphthols & EE I h, MS, GC
Rt) & LB ¢ —% Uiz, 1-Naphthnol & 2-Naphthol 1 GCRt) BET T h 5 25, T2k
SHERT, Fig.8D7e=t 75 A TLRAEC-I7THBZENDID, MSH 7574 v
BENENRD, €-200FLEPLELHETS L, 7 1-Naphthol, #¥5% 2-Naphthol
EHB,
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167
OH
H3CO 0CH3
182(MH)
CHoCH3
40 - 60 80 - 100 120 140 160 180 p/e

Fig. 13. Mass spectrum of the GC peak No. 19 weak acid fraction
(pyrolysis temp.: 400°C) by GC-MS.

Peak No. 19 » MS % Fig. 13 iw #*+, m/e 182(M"), 167 (M-CH,, base ion) & %5 %,
Bix F A Lons Emh, =FaAEbairbEx bh, X6 4-Ethylguaiacol © MS
(Fig. 10) & » Higins &, 4-Ethylsyringol & #:E L7z,

Peak No. 20 © MS #% Fig. 14 [z, m/e 180(M"), 165 (M-CH,), 137(165-CO), 122
(137-CH,), 119 137-H,0) & %2z, Syringol (Fig. 10) & X 4-Vinylguaiacol (Fig. 11) @ MS
& DB B, 4-Vinylsyringol & #EE L1c,

180(M")

oH
H3CO 0CH3

" CH=(CHz 137
39 51 7 g

40 60 80 100 120 ‘140 160 180 m/e

Fig. 14. Mass spectrum of the GC peak Nb. 20 of weak acid fraction
(pyrolysis temp.: 400°C) by GG-MS.

Peak No. 21 ® MS # Fig. 156 kR 7, #iELEETAR7 P AnREY, WFEOHHAD
BTAA vhimle 194, HEHm/el96 LBbhb, FRAMFRK m/eld LA LN L
b, FECEbhD m/el6Ti, COMBED7 7 72V EEEXDRD, FI¥OHE T
m/e 194 M™"), 179 (M-CH,), 167 (M-CH=CH,), 151 (179-CO) & # %, 4-Allylsyringol & #E
xh, MSF—2® p ix—vid B —K L, BEOWER, HiF¥oHpHDOT -V v /¥
— 7 %%E LE\T, m/e196 (M), 167(M-C,H;, base ion) &2, Bi=F1 LTV 0D
Fr L ERETSLEELORS, bk 4-Propylguaiacol & DHE ML, 4-Propylsyringol
LHE LI,

Peak No. 22 ® MS % Fig. 16 ic#$, GC €= 7S VDT, MSD ) HHEEOH
DS AV IAFVIEDHE DL E b LIndotz, Cresols ® Naphthalenes, Naphthols 7x
EFoOMS i LIER, m/elb8 M"Y), 157 (M-H), 141 (M-OH, benztropylium ion), 129
(M~CHO or 157-CO, naphthalenium ion), 128 (157-CHO or 127-H, naphthalene ion), 115
(benzcyclopentadienyl cation) 7x & D ZE Licir FTRIC7SZIA VAT VvRELLR,
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Earlier side of the peak
91

40 60 80 100

Top of the peak

39

H4C0

Later side of the peak

40 60 80 100

Fig. 15.

H3CO @ 0CH;

CH2CH=CH;
16!

120

OH

R RAEBEIRA RS

ot

140

OCH,

CHaCH,CH4

‘196

120

140

B30B H15

194(M%)

151 7 179

160 180

200 /e

167 194

167 (M-C2Hs)

(M)

160 180 200m/e

Mass spectra of the GC peak No. 21 of weak acid fraction

(pyrolysis tem.: 400°C) by GC-MS.

Methylnaphthol & #5%E Uiz,

Peak No. 23 ¥ X U No. 24 © MS
i, W07 I IA v EAF VEE
DETRLHMIE, &< —FH Lk x—
V&R L1z, No.23 ® MS # Fig. 17
=3, = o MS  Fig. 15 0 4-Allyl-
syringol ® MS L B lT kK b, mfe
167 R\ DR &, BEAE—FHL
T3, Zhil, Eugenol & Isoeugenol

40

o

60

158(4*)

115

80 100 120 140

160 mle

Fig. 16. Mass spectrum of the GC peak No. 22

of weak acid fraction (pyrolysis temp.:
800°C) by GC-MS.

DBERRICIALL LT b, ¥ 7: Isoeugenol i cis-, trans- DM B th1ih 5 0 L FiEE, No. 23
& No. 24 1% cis-, trans- BYEKTH D EE 2 bh5, mlel94MY), 179(M-CH,), 151 (179-
CO) &% %, No.23 % cis-Propenylsyringol, No. 24 % trans-Propenylsyringol & #E L1-,

Peak No. 25 & MS 3 3- & X ¥ 4-Hydroxybiphenyls & —% L7:, 2-Hydroxybiphenyl
(bp. 275) 1T MS B ETF R4 9, GCRY) § Fhv o1z, 3-Hydroxybiphenyl i3 MS o 5 — 2%
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+
o 194(M")

40 60 80 100 120 140 160 180 200 m/e

Fig. 17. Mass spectrum of the GC peak No. 23 of weak acid fraction
(pyrolysis temp.: 400°C) by GC-MS.

DSHIRBITH %, 4-Hydroxybiphenyl (bp. 305-8%) i3 MS, GCRY) & b —~EK L7,

DEDHEREEL DD E Table2 0 X 5 winh, To—HOBERY Fig. BeRd, &
WEORKEEY, GC ¥ -— 7HE% Phenol & LTHRELLETH S, 400°C TREBDL
& %L, Guaiacol, Creosol, 4-Ethylguaiacol 7z & ® Guaiacyl type D{L&# &, Syringol
% & OF 4-Methyl-, 4-Ethyl-, 4-Propenyl- 75 £® Syringyl type OF B HETH - . Thic
% LT 800°C i, Phenol & Cresols NEMRICE L, F—2A{HEOBER HED, FoOfilix
Xylenols, Vinylphenols, Naphthols 7 E23 %84 LT\ %, 800°C Tix» P F v Ak s(b
EWIBEIRT, 800°C L WHIERTIE, A rFvAEITFLCHBELTLEI» b DEEL
bha, ¥/2400°C T34 v ERH I BRHAYHENLBCRELTE D, BRERRN
T3 GC-MS FHHAARF LR B IR ORENE L, BOBERYYBROBGBEZ T
WEEHABLTRDEBLLRS,

OH 4 : R=H . OH 14-a: R=H

ocH; 10 i R=CH, H3C0 OCH3 16-a: R=CH3 o

12 : R=CHyCHs 19 : R=CHaCHs @@

13 : R=CH=CH, 20 : R=CH=CH,
! 14-b: R=CHoCH=CHz 21-a: R= CH2CH=CH2

15,16-b: R=CH=CHCH3 R 21-b: R=CH2CH2CH3 18
17 : R=COCH3 23,24: R=CH=CHCH3

Fig. 18. Constitutional formulae of identified compounds of weak
acid fractions.

IhbEMEROARMI B Phenols (7 =/ —A8H) TH Y, LV /= vicH
kTHEELOND, BOBRERT =/ - BOFHEBL 54, 400°CTiIA +x v
REOM AL E I EELSEREL, BE LTREVF A Lic < v, —J7 800°C T
Phenol ® Cresols ZAE@MIC S {, FIALRTWEBbhA, o, WEE LT ivo
T, FAXEMETAEA, BRE&GOM, MEGBELHME L SORNELETHS S,
e, HEHERTESMLCIVEBOERAYELE, IbrhrBREEETKRRMN
L, ARELD C.C.C.EY 0 X ERYr kT HELELORD,



Table 2. Identified compounds of weak acid fractions

8.1

SRR BB LT LY R

&1 HecH

Means of identific- Yiele®) (ug/g of O.D. sanEi
GC peak Identification ngi‘::z}:r Mv(\)rleeic%ltar ation®) 400°C 800°C References®)
& MS | GCRt) | N air N; air
1 Phenol CegHgO 94 P P 119 105 1339 1643 | 1, 2, 4, 6, 14, 17, 18, 19, 20
2 0-Cresol C7HzO 108 P P 118 100 500 577 |1, 2, 4, 6, 14, 17, 18, 20
3 p-+m-Cresols C:HsO 108 P P 107 93 881 1059 | 1, 2, 3, 4, 6, 14, 17, 18, 20
4 Guaiacol C7HgO, 124 P P 494 404 1, 2, 38,5, 6, 17, 18, 19, 20
5 2, 6-Xylenol CgHyO 122 P P 39 36 | —
6 o-Ethylphenol CsH00O 122 P P 65 42 3 2 11
7 Xylenols CsH,00 122 P P 58 49 218 226 |1, 2, 4,46,17,18, 20
8'a p--m-Ethylphenols CsHy, O 122 P P 2, 18, 20
| b Xylenols CgHcO 122 P P 43 39 201 220 1, 6, 20
9 Vinylphenol CsHz0 120 T NI 187 9% | —
10 Creosol CsH 1002 138 P P 921 812 1,2 3, 4,5, 6,17, 18, 19, 20
[a | Vinylphenol CgH0 120 T NI —
11
b | Pyrocatechol CeHO, 110 small P 38| 48y 417,20
12 4-Ethylguaiacol CsH120; 152 P P 558 317 1, 2, 3, 6, 17, 18, 19, 20
13 4-Vinylguaiacol GoH 100, 150 T NI 250 269 1, (2), 18, 19
[[a Syringol CsH1003 154 P P 1, 2, 3,19, 20
14
b | Eugenol C1oH1202 164 trace P 1268 1042 1, 4,86, 18
15 cis-Isoeugenol C1oH1202 164 P P 242 142 1,4,5,6
[a | 4-Methylsyringol CgH;204 168 T NI 1, 2, 4, 18, 19
16 s ’
b | trans-Isoeugenol CiH0; | 164 small P 1397 | 1202 1, (4), 5, 6, 18
17 Acetovanillone CoH;005 166 P P 85 55 (6
18 1--2-Naphthols CioHsO 144 P P 222 301 | —
19 4-Ethylsyringol Ci1oH1403 182 T NI 492 388 1, 2,19
20 4-Vinylsyringol ClonOg 180 T NI 246 264 _
a 4-Allylsyringol C11H1403 194 P N1 -
21
b 4-Propylsyringol CuHieOs | 196 T NI B 20 1,219
22 Methylnaphthol CuHi00 158 T NI 122 102 | —
23 cis-4-Propenylsyringol C11HypOs 194 T NI 271 281 —
24 trans-4-Propenylsyringol| Cy;H1404 194 T NI 614 469 —
25 Hydroxybiphenol C13H190 170 P P 56 43 | —
Total of all GC peaks 16704 8383 5364 6077

a) Refer to the footnote for Table 1. b) Yield was represented as the GC peak area calculated in phenol equivalent.
¢) ( ) means tentative identification.
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Pyrolysis temp. : 400°C
Atmosphere : Ny

Retention time (min.)

400°, air
08P
2 H
;
3 7 i
5 i ~n
[= 1 rusi e L
0 10 20 30 40

Retention time (min)

rammsmeeneo-§

<M

C
0

Retention time (min.)

Fig. 19. Gas chromatograms of neutral fractions.



180 i ERFRFOHBATRRE H39% H15

3.3 b & =

FHE IR D BRI 1T 400°C TIREBE,. 800°C TREBRETE LTz, FRBOF A7
m< k75 4% Fig 19 KFT, 400°C TRELBNHTHT, EERWEERSHCS ¢
~7BBRTERLY, TheXl, 800°C TRREBNFHICEHL, 7r~< /72K
BMCH 5, FHBEYRBE Y, 400°C & 800°C TIL G BN S < R s & Bbhs,

ki & B K% GC-MS 747, BIUHE LICKAED GCR) #HIE Ui-#E, Peak Nos.
1~3 127 F# Toluene, Furfural, Furfuryl alcohol ¢ EE X h, MS, GCRt) L H B —
F L7z, Peak No. 4%, L ENDODO > an & —H Ethylbenzene & B E I h, MS, GC(RY)
ELRL—FK LI, E¥— 71 Xylenes 18 X U Phenylacetylene D EF ¥ — 71X L HEE 1,
MS, GCRt) EH R —FK L,

Peak No. 5 i3 2-Acetylfuran tRIEXHh, MS, GCRt) & 3 B { —3 L #-, No. 6%
Styrene LEEIh, MS, GCRt) £ H B { —F L #, Styrene ¢ MS Rl LA b Dic
Cyclooctatetraene 235 525, Z OHEIIXBIC L BREMINIREAERL, FHENEE SR
VWD Jedd, 753 72V A F VEBED Styrene X HF 5 EHWI o ¢, No. 6 it Styrene
TH 5L I, No. 7k 5-Methylfurfural £ REXHh, MS, GCRt) & 3 —FK L7,
No. 8 1% Benzaldehyde & FlE &, MS, GCRt) &3 —FH Liz, Benzaldehyde & GC (Rt)
FENREZWELTHEL LD, BEEXH ST+ No.8 DRt ALt &, 3kHic Benzaldehyde
B BESRARAEH PR LI, _

Peak No. 9 ® MS i3 m/e 120 (M", 25%), 105 (base ion) D& — 7 &H L, & Lz MS
¥ oW E iz Ethyltoluenes 3 X U' Cumene (Isopropylbenzene) 73 b, ¥i{l L 7z MS i
Trimethylbenzenes (m/e 120 23 & v 3\s) 3b B, ThODILEWRELLE-WETH Y, B
EHBIBEAEFEBMLE 250 T, GCRY OBEFINIEHAEFD LE25h5, 2T,
AFTELRAED GCRY) HWMEL, BLAWOBET — 2™ LB LT, GCRY) ¥#ET
%, p-Ethyltoluene (bp. 162) ¥ Peak No.9 &—% L, 1,3, 5-Trimethylbenzene (bp. 164.7
) 1% No. 9 & No. 10 Offlic b b, Pseudocumene (1, 2, 4-Trimethylbenzene ; bp. 169.357)
13 No. 11 @—8¥%, ¥ -R&EOH H12, Cumene: bp. 152.47%°, m-Ethyltoluene : bp.
161.3, o-Ethyltoluene: bp. 165.2™, 1, 2, 3-Trimethylbenzene: bp. 1761 T4 b, p-
Ethyltoluene D fifiiz No. 9 ic—F3 5 Dt m-Ethyltoluene 72137 L E % bh 3,

Peak No. 10 i Isopropenylbenzene (bp. 163.47%/165.47%) } FE X4, MS, GC([Rt) & 3
—% L7z, Peak No. 113, WT"h {3l LA MS %757 Methylstyrenes, Allylbenzene,
Propenylzene, Indan (m/e 118, 117, 115, 103, 91) Ob\fh#&, Benzofuran (Coumarone ;
m/e 118, 90, 89, 63) DR 4G v’ — 7 LH#E Eh, Pseudocumene (m/e 120, 105) 3 }>Fhic B2
iz, Benzofuran & Pseudocumene 2>\ Tik, MS, GCRt) & % —F L7-, m-Methyl-
styrene (bp. 168D %5 X UF p-Methylstyrene (bp. 169 o GC (Rt) i, No.1l & —& Lz,
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%7z Indan (bp. 178) 13 No. 13 L E A v, L X Vi Th Tz, bz, Allylbenzene
(bp. 156™), o-Methylstyrene (bp. 171, Propenylbenzene (¢trans-: bp. 175-6) D& @S & H
83 % &, o-Methylstyrene 721323 No. 11 L B/ 5 WHEMLRD D LE L bh 5, Peak No. 12
iX Methylstyrenes &3l L7z MS #1575, m/ell8<m/el17Thb, BELYEX A D
4% & Propenylbenzene & #:%E X 11 5, Peak No. 13 ® MS | Indene (m/e 116 >m/e 115)
E—H L, ¥l MS iz Methylphenylacetylene (m/e 116 <m/e 115) 235 573, Indene ®.
MStix77 72 vIEBEETRS—HL, GCRt) $—FK L&D T, Indene LFE L1z,

Peak No. 14 OFD v 3 & & —i3, m/e 132(M™), 117 (base ion), 115, 105, 91, 77 ® MS
T» 1, Dimethylstyrenes, Ethylstyr‘venes, Allyltoluenes, Phenylmethylpropenes 75 &, 3§
LI MS2ETHEGEERD D, HEIIEEED, o-Allyltoluene (bp. 182-37F1 ¢ MS i
BAEMUL, BA»BLTMEEASV-EEBbR 3, No. 143 MS¥3 ¢, Methylbenzofurans
LHEFE IR, No. 15 2 MS 5 Divinylbenzenes ¢ #E X h, 3 REARSRAECTGCRY
BHEELAL A, No.14 L ZDFD Y a v #— D, No.14 & No.15 O $ X U No. 15
CERB3 -7 ht, LiisT, No. 15123 MDD 55 Rt O b\ Divinyl-
benzene L#EEX N B, No. 16 (3 MS3D 28, Methylindenes & HEEI hic, ¥, No. 14
£ No.16 0 GC €= 27 23D ¥ — 7 RERTEF 7 v~ FThHD, REFORAC—27L
EZzxbh3,

Naphthalene (bp. 218™) &> MS 15 X I¢ Azulene (bp.: 270 dec)®V ® MS™ O Fi12ix &
AE—BELTED, No.17D MS B —%+5, U L Naphthalene ® GC (Rt) i¥ No. 17
E—FK L, Azulene RFHAHNL Birb0TREAIEEXHI%, Peak No. 18 (3 MS™
75 Vinylbenzofuran * #E X hiz, No.19 ORICH S € — 713, m/e 144(M™), 129 (base
ion), 115 » MS %% L, Dimethylindene s X 08 Methyldihydronaphthalene ® MS 28l
LTz, Nos. 19, 20 D MS (213 A EFA U % — v%" L, Methylnaphthalene R#:4k &
H#EZh, GCRt) DHIEFKEEND, No.19 23 2-Methylnaphthalene, No. 20 73 1-Methyl-
naphthalene & F5%E &7z, No. 211 Biphenyl EAEEh, MS, GCRt) ¢ H R —FK L1,

Peak No. 22 & MS % Ethylnaphthalenes (1-: bp. 258.67™, 2-: 257.97™%) L —F |,
#i & — 7 ® Biphenyl (bp. 255.9") ks XUORDOE—7%Ex &b b &, GCRY) —FKT5
A5 EBPbhb, No. 23 ik MS 55 Dimethylnaphthalene & #%E X #-, Dimethylnaph-
thalene (3R 108D b, L OHAIR 262~270°C iwhic b, REAEREGAED GCRY)
ZRELIcETH, £DE—7ix No.23 »b No. 26 REDABICHIc - Tie, LikhisT
No. 23 1%, BH—»E 5 Hl ¢ 7oy, Dimethylnaphthalene @ 5 B S OE B4
REEBLDRD,

Peak No.24 ® MS % Fig. 20 = "3, No.24 i34 FA4 4 v»imfe 156 L m/e154 D %Y
BoR&EY—7LE2HH, m/els6 |t GC(Rt) b &21># € Dimethylnaphthalene & # & &



182 EEAFEFBHPRTREE £9% H1T

N3, ¥1275 72 Vv I BEXELLL 154

m/e 155, 141; 128, 115 ® — #} {3 Dime- , CH=CHp tHy

thylnaphthalene i %T5 52 6h @@ GQ%

5, ThEELINTEZD L, m/elbd 156
76 141

M™), 1583 (M-H), 152(M-H,), 141 (ben-

ztropylium ion), 128 (naphthalene ion), s s o T n ", 1% e

115 (benzcyclopentadienyl cation), 76 Fig. 20. Mass spectrum of the GC peak No. 24
(CiH,) & % % &, Vinylnaphthalene of neutral fraction (pyrolysis temp.:

800°C) by GC-MS.
L HEE LTz, 753 m/e 76t Acenaph-
thene, ‘Acenaphthylene, Phenanthrene, Anthracene, Dimethylnaphthalenes, Ethylnaph-
thalenes 7ol b AER I h, FEIRA A+ v EEZLRS,

Peak No. 25 1. Acenaphthylene & R X h, MS, GC(Rt) £ $ B { —FK L7z, Acenaph-
thylene ® MS 12X w5 — 2 2832V O T Fig. 21 R/ R L TR, %1, No.25 it Dime-
thylnaphthalené-> MS 2 8 B 8 2 X h 7z, Peak No.26 i34 1 #+ v m/e 168 & m/e 154
OHEORE E— 7 LBbhs MS %7 L, m/e154(M") o4 Hi3 Acenaphthene & &
Th, GCRt)'H—F L1, Acenaphthene RIEDMS 375 74 v b A+ VAR XBRT —
20 L&A R7 Y, m/elb3, 162 XXM L h P EL, m/eT6IILRKRERE ~ 7 RR
L1z, &iENo. 26.00 MS 2565 Acenaphthene ® MS #% L3\~ TE2x % &, m/e 168, 167,
153, 152, 141, 128, 1157 K38 b, MS™ 235 Allylnaphthalene & #%E Xz, Peak No. 27
% Dibenzofuran (Diphenylene oxide) & FIZEXh, MS, GCRt) £ b B —FK L7, No.28
3 MS™ 5355 Methylbiphenyl & #E Iz,

. +
00 msumy
2 s Acenaphthylene |

g

3 60~ -
- 240 : 1
& 63 126 T
oL r——t IL T T T ' T sl T T =
.40 60 80 100 120 140 160 m/e

‘Fig. 21. Mass spectrum of acenaphthylene.

Peak No. 2942 Fluorene ¢ FEXh, MS, GCRt) ¢ B —F L1, No.30 o GC ¥
~7 e dTe— FTHh, 0 MS »b Methyfluorene & Diphenylethylene DR 4 € —
P jﬁ%i—_“\;}ﬂ,%e Diphenylethylene @ 5 % trans-Stilbene {2\ Tt GC (Rt) $ —F L1z,
No.3l o GC v¥—7% 7 u— ¥, LD MS (3 Phenanthrene, Anthracene, Diphenylace-
tylene w23l LTV %, Phenanthrene (bp. 3392 @ GC(Rt) i% ¥ — 7 hkic —3 L, Anthra-
cene (bp. 339.97" RFLI D HHEEALINRT, BT LWy anrd—id, E—HHE
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DE— 713z & A EEARHH (Bl 21F Peak Nos. 17, 19, 20, 25, 2971 &) &g o TV B,
No. 31 2835 B ATE D, FOM4H Anthracene & #E % Hh, No. 31 |t Phenanth-
rene & Anthracene DIEE Y~ 7 L RAEIhi, Fi:, Diphenylacetylene (bp. 30077 i3
wEBRRLD, GCRY) LTFh b &E 2L BRI B, No. 323 MS 535 Methylphenanthrene ;
m/e 192(M"), 191 (M-H) & Phenanthrindene (bp. 353)® ; m/e 190 (M*), 189 (M-H), 94.5 (189#)
OREY— 7 L#EEIRT, 1, Phenanthrindene (4, 5-Methylene phenanthrene) @ 3C#ER
F— 20 T m/eBSIAERE— 70D BN, ZHIZMUSDORIEZELLRS,

Peak No.32 ORREHB TR LY — 213, FEESOWTFhicbEETh Tk, *0
MS {3 m/e 149 i35\~ base ion &R L1, m/e 149 DA EBEIZHE\ > base ion ZHF T 54
Bix7 2 VBREEGD T, O — 7D MS i mle 278 M), 223 (M-CH,), 205 (223-H,0),
149 (205-C,Hg) &% % B, Dibutyl phthalate & #%E & 7z, =D 5 B Diisobutyl- 8 X O
D-n-butyl- DFR# < GC (Rt) % #%E LIz & = A, Di-n-butyl phthalate (DBP) 23— L, L
HL, TOBENDELT, RHOBSRC L W EECRERETH LB T, HE, SHE
fEOFTRA LIS D LB bhi, DBP REBEEMEE (RvElke=1, RIVEBRE=1
L) O—KRWEBAP® ThHHDT, BIEPCHAVEERERE (YY) avaa, T4, €=
B YV TAE YRy » ) HEWT, =F AT AMHET o, FOBE, CoABh
LEEOA A LV RMEHHEBR LR, MS, GCRY) X DBP Dthé—&KLi, +5y7DF5
AEDERCENE = AFEEALTE), ERDEEDIHC=—T A TH- DT, T
E—- 7R =1 ErLORIC L% DBP L& 2 bhie, £DOk®, ZOGCE—73ELE|
WCEBERfTI LT L

DEoEREELDHE Table3 0 X 5l h, Zo—WoBERYL Fig. 22 ki, %
WEOREBITIGC ¥— 7H E% Phenol & LTHME LIETH B, 400°C Gk Furfural
O£ OWaE LD, L, REETSCEND LFEFALL, £RP D
Ao 75 vEBHEMNRH IR TE o, £hIEH LT 800°C T3, Styrene, Benzo-

5 o o0 oo 00 GO

04 Q_ M
00 &6 Ly ¢ 00

Fig. 22. Constitutional formulae of identified compounds
of neutral fractions.



Table 3. Identified compounds of neutral fractions

Means of identi- (rg/g OfY(iilthi) sample)
GC peak Identification thglfnc:_“}:r M“;leeiglfllfr fication®) 400°C [ 800°C _ Referencesx
MS GC(Rt) N, air N; air

1 Toluene C;Hj 92 P P 7 19 1, 6; 14
2 | Furfural GsHLO; % P P 20 | 250 2l 6| BRTEGe h
3 Furfuryl alcohol CsHgO, 98 P P 124 51 1, 5,12, 14, 2t

a | Ethylbenzene CgHyg 106 small | shoulder —
4{ b | Xylenes CsHjy 106 P P 90 255 | 1

¢ | Phenylacetylene CsH; 102 P P —
5 2-Acetylfuran CeHeO2 110 P P 12 8 1, 6
6 Styrene CsHg 104 P P 545 |- 1112 —
7 5-Methylfurfural CeH:0, 110 P P 53 55 | - 1, 5, 6, 11, 12, 13, 14, 21
8 Benzaldehyde C7HgO 106 P P 8 10 | —
9 Ethyltoluenes CgH,, 120 P P 17 25 | —
10 Isopropenylbenzene CoHjy 118 P P 29 34 | —

a | Benzofuran CsHgO 118 P P 1
111 b | Methylstyrenes CgHjo 118 P P 594 714 | —

¢ | Pseudocumene CoHi, 120 trace P 1
12 Propenylbenzene CoHip 118 P T 16 16 | —
13 Indene CyHg 116 P P 1190 1489 —
14 Methylbenzofurans CoHgO 132 P NI 201 190 | —
15 Divinylbenzene CioHjo 130 P P 23 19 | —
16 Methylindenes CioHyg 130 P NI 631 602 —
17 Naphthalene CioHs 128 P P 2589 3009 | 1
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18 Vinylbenzofuran Cy1oHsO 144 P NI 38 37 —
19 2-Methylnaphthalene CuHyo 142 P P 648 670 6
20 1-Methylnaphthalene CuHyo 142 P P 357 368 6
21 Biphenyl Ci2Hyo 154 P P 81 91 —
22 Ethylnaphthalenes CiH 156 P T 76 69 | —
23 Dimethylnaphthalene Cy2Hy, 156 P P 65 64 6
[ Vinylnaphthal CH 154 T NI —
24 a .ny naphthalene 12t 229 255
| b Dimethylnaphthalene CiHy, 156 small P 6
[ A hthyl C2H 152 P P —
%5 a cenap Yiene 12418 544 704
. b Dimethylnaphthalene Ci2Hiz 156 trace P 6
ag [ a Acenaphthene CisHyo 154 P P - 7 —
“ | b | Allylnaphthalene Cy3Hyz 168 P N1 —
27 Dibenzofuran Cy2HgO 168 | P 91 73 —
28 Methylbiphenyl CysHyz 168 P NI 59 60 —
29 Fluorene _ Ci3Hjp 166 P P 185 242 —
[a | Methylfluorene CuH;, 180 P NI —
30 131 141
| b trans-Stilbene CieHj, 180 P P : —
[a Phenanthrene Ci1eHyo 178 P P —
31 352 504
| b | Anthracene CisHypo 178 P shoulder —
39 [ a Methylphenanthrene CisHys 192 P NI 59 60 —
| b Phenanthrindene CisHyp 190 P NI —
Total of all GC peaks 670 453 9960 12323

a), b): Refer to the footnote for Table 2.
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furan, Indene, Naphthalenes, Acenaphthylene, Fluorene, Phenanthrene 7 &, 4B L&
BiEhole, #0O%5%HTh Naphthalene R % &, F—& A ED 1/4% 5D, Methyl-
naphthalenes #%. % & 1/3 & T35, 2hb 800°C CRE LIMLAYWOEL3HEERYE
LTkY, MAEREBLLIALEHLEE x% B RIEET, FHIOKLLIEBCE N
3, é&%@%iﬂbuﬁ%ﬁ%ﬁfﬁﬂﬁ< B LB LI mIME RIS LS
BHEEY LT, BROCKLENLLIALEMOLPERD L LTEOhALELDNRS, T,
iffﬁkﬁgyt%é,m%e%éumwwm%f%ﬁmﬁmbi<bm:&#B,mﬂ
{RE 2% 600~700°C 755 & K RMBEEBRILEIGHBBMCH AL TS Hb0EBELLR, Th
B@ﬁAﬁmA%@%E%%M?bémaﬂbhée_thW01@$&%m ABROEGE
CHERT B & — L DOEBERH® E—ETHED A%\, Eﬁé@ﬁz%kiﬁv‘g hBERCiThh
5L0THY, EROBCLprbOLF, KISEFEORECKETHEINKRE DT
B, ERWIBELULTL 5D THAS, ELRINLOBARLLEHDZLEALIR, ThET
AMOBSYBTRBINTOWEVWHETHHH, ZhE CORBILEYHER OB BHLES
Wk, BEOBWEROREWESMTHZ ED#E LW &, ¥GC-MS L BHAmE
OHTELWZ LR IBLBbh5,

BN, RHENF LB LTR5 L, BHE B TL00°COHREEORE BN
&, H#EIRCIX 800°C 234\, 400°C TtV 7= v LBbhs 2 b A BEE -
7 =/ —AHED, BBERE LTEBRBELTWEL, Zhbiind & 0 800°C Tid
TR BSREZT, Bk IUﬁ“@E@@JHﬁVC X «» T Phenol ® Cresols 72 ¥ D55
B E LTRAEL, MAPHAKEMAEC I > THEOPRFE L TRELLIDERDbR
5, ZOZ X, AREFD X —AHTE\WT, KR (600°C) @ & — MIER7 =/ — iz
E@i&?&ﬁ*xér <& &, SR (1000~1100°C) B8 # — A X SR/ ERIEKER TR & LT 5B
TEEBH LT Y EREVLORD S,

FHEROERMIL, &2 THNShicWROMIE, Ewhk{bh koK E Hy B
BSERCIE LT\ 5 EBbhb, AERTEGCAHTRTHERENE CH-Th, Hlxid
BB X 5 kB oWER, SHERETENRLTLE > Twb, EEHAHE D RIBEE
TERLTCWD, ThEOWEIR, BRI AZe<t 757 4 —RhCERSWE L ERE
TorkloFkc i, BRI EhEENTRERbhb, BORISEECEM Sk
 BRREHRAVHATED, HHCEANEECEETHHH, BEMRE, BESS®, =7
MEEHOBSY R Y, XV L2TVWHERZR I AN CHMEMRLEDTT S BELD
5ERBbhs,

4. E %

1 XFI5RY 6g) % Fig. 1 0EET, 400°C %7212 800°C THYM Lz, FAKIER
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FZER Y 200 mé/min TH LI, WIREEDIIHHBEL, =Fr=—FAWHE *K ik e
Fig. 2 0B CHBE LI, £7 77 v 2 VIiZGC 8 XU GC-MS ¥k L1z,

BT DR F1x Figs. 3~7 8 XU Table 1 Th %, 400°C DFBRERIE L, £
MEBREELTHB, 800°C TIHMESFHMAMITEAET, X hERAEERNY VA Y BREIT T
KBS CLES bOLEELDRD, |

BB O RL Figs. 8~18 $5 L 0f Table 2 TH 5, 400°C DHRRAERENS <, S
eRkERr ReETky, FERERYE Guaiacyl type ¥ X U Syringyl type DILEH TH -
7z, 800°C Ti% Phenol & Cresols pUE%R G, # P+ o AEL 5 LEHIIBEILT,
AP FUABRITEECHBLTCLES EE2LRS,

I D& Rz Figs. 19~22 3 X 0% Table 3 T %, 400°C mtif&%i)s# wedinl,
Z oty Furfural 23% 0% i, 800°C TIXE, BELHL, =2—Ax—-AK
BEEENLHEHERBEARMAYMNIEEL, Hw Naphthalene 3% b0~ 7, BWERLEY:
ED%HLD, ThETAMOBYFEERYLE LTREIR T RVWHETH T,
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Summary

Five grams of wood meal (7-20 mesh) of a Japanese oak (Quercus mongolica var. gros-
seserrata) was pyrolyzed in the apparatus as Fig. 1 at 400°C or 800°C. A gas flow of nitrogen
or air was introduced into the furnace at a flow rate of 200 m¢/min. Liquid products were
trapped and its diethyl ether soluble parts were separated as Fig. 2. Stronger acid fractions
were analyzed by gas chromatography (GC) using 2 m glass column packed with 15% FFAP
on 60-80 mesh Neosorb NS programmed at 5°C/min from 100°C to 250°C. Other fractions
were analyzed by GC using 2m glass column packed with 10% GE SE-30 on 60-80 mesh
Gaschrom Q programmed at 6°C/min from 70°C to 270°C. For the identification of the GC
peaks, fractions were analyzed by gas chromatography-mass spectrometer (GC-MS) combina-
tion instrument. GC (Hitachi Gas Chromatograph K 53) and MS (Hitachi Mass Spectrometer
RMS-4) were coupled and the interface from GC to MS included an all glass helium separator
of the Biemann-Watson type. Mass spectral identifications were made by comparing unknown
spectra with reference spectra®**", When a likely compound was found, its retention time
was determined, and if it agreed with that of the unknown, the identification was considered
posttive.

The results for stronger acid fractions were summarized in Fig. 3 and Table 1. The
most abundant product was acetic acid. Stronger acids were produced at 400°C more than
800°C. It seems that relatively higher fatty acids were secondarily decomposed at 800°C.

The results for weak acid fractions were summarized in Fig. 8 and Table 2. Lots of
compounds were produced at 400°C, and guaiacyl type and syringyl type compounds were the
most part. Phenol and cresols amounted to the greater part at 800°C. The methoxyl group
was not observed in the compounds produced at 800°C.

The results for neutral fractions were summarized in Fig. 19 and Table 3. Furfural
was the large portion of the products at 400°C, but the amount was only a little. Plenty of
aromatic compounds of condensed type were produced at 800°C, and the most abundant
product was naphthalene. Most of these condensed ring compounds were not previously

found in the pyrolysis products of wood.



