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BE A ®H M x M B A # /Method for preparing

phenol-formaldehyde resins from biomass pyrolysis oil and

resin materials prepared from the phenol-formaldehyde resins

P XEBERBE
AERARBE—BRATDB A B HEBHEZ S
E BB TSR H L IR ABBETER  UE
RE—F—BE/AS Y UAN—BE - —BEHEE—BH
BEGEET HIFE-—RBLEMETESLS UHBAR—B
BBEER AFRAIRE B ZHBEMEMESZIH
o fis ¥ H o

= BRXBHARBE

A method for preparing a phenol-formaldehyde resin
from biomass pyrolysis oil is provided. The method
includes extracting a biomass pyrolysis oil to obtain a first
phenolic compound, and polymerizing the first phenolic
compound to form a phenol-formaldehyde resin solution

under an aldehyde, an alcohol and an alkaline catalyst. The
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invention also provides a resin material prepared from the

phenol-formaldehyde resin.
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~ BRBASLER
[ #8877 B 2 Ha4ask]
ABRAGAMMN —HEHBEMEIREI X BHHRXA
BN — 4 4 % 4 # B 4 % (biomass pyrolysis oil) # # &
BEAEZ S % -

CAIETD

BN EHEREFR ENmIEABEAREHA L
L (CO)RERR  BAEHKAZEEAL  EEARABKR
ZABRE B ERLHERETRABAERELEBA
LRI RE - KREFLLBAEZY W EAEANBLENRE
BREBERIEERHM > LEZFERARARBILWNIESTLAS
ARG ZARENEMMN  wtBETHAVHERLEEM
HEAEIAARO RO ETE  ABBLARBMAELEZH
BBER -

AEBBEARKE ST ATAHARNE T2 -
S8 mER EFIREFRAARE—RERB/TEL
By #8 1t 4 4 (phenolic compound)s #* F £t 45 ey k1t B
FR BUHFEARRABUAELARERDRE A X 64 &
H o HAEBSEFETERBAABRERLCEZRE B R
ARHB LA EHEERREZI ik BRAURFTHA
Z By IS4

£ B OB It 4 % H AR F & 0 B B OB J
(phenol-formaldehyde resin) % & ¥ 4% B JE B X & 5x #t B5
MIERAREBEBRSR > BH - RAEMH - EFHR
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RGEMH  BEMEHSABR HHEBRLHELEE—F Rt
REZTERNEHRKEEZREMH

Bt ZFRAKHNARELREET > —FTBTHREK
BREDBRAERFBREVWZIREMNA  Z TN TRBETH
£ b B B R M H -

[#mAmE]

ABRAZ—FRG  RE|E—BRATHHERGEH
BMEMEBEI TR QBTN SHR H- L EHHaEBRD
(biomass pyrolysis oil)i# 4T 2 B » U E R K — F — &y AL S
#1 (phenolic compound) ; B4 B 7 — B $8 ~ — BE 48 1 — &b 14 A5
WEET HZE—BHBRLEGMWEITES UK — &8
#t 85 (phenol-formaldehyde resin)i& & o

ARRTOHEHADBBEERETAHRE AW R —
BrEstiEmER -

ABERAZ—FHG  RE-—EBHEMH a4 —%
Mooa LM U B IRERERERTSRE -

HEATAZLTALBEN  HUREBEZABRL
TXHB-—BETES > HFeaf BT

[£3#F K]

AERAZ TR  RE-—BRATHARERGEH
MEMEITE QETHIR L H- 4 EHHY
## b (biomass pyrolysis oil)iE 47 X B » A E R & — ¥ — &) #5
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it 4 ¥ (phenolic compound) - 2 1% » R — B S8 ~ — B fA 4L —
BRUEERELAT  HE -—BRBRCEHEARS > UHA—
By 8% &1 Bs (phenol-formaldehyde resin)/& % -

L4 K 4 R b (biomass pyrolysis oil) & & — 4
EH(biomass) @ # UM EF -  LEAEHTOHEH4HEKR
(Bl R) - HER > FRIAKRETEFF -

LtE B A EHRRBBMERMZE —BBELED
(phenolic compound)™ &, #% & (phenol) ~ 2- ¥ & (2-cresol) ~
4-%F By (4-cresol) ~ 3- F By (3-cresol) ~ #F ¥ £ X & (guaiacol) »
2,6- — ¥ 3 & (2,6-dimethyl phenol) ~ 2,4- = ¥ ¥} &
(2,4-dimethyl phenol) ~ 4-Z % & (4-ethyl phenol) ~ m- T % &
(m-ethyl phenol) ~ 2-¥ & & -4- F X & (2-methoxy-4-methyl
phenol) ~ 1,2- X — & (1,2-benzenediol) ~ 3,4- — ¥ X &
(3,4-xylenol) ~ 4-Z % -m- ¥ & (4- ethyl -m-cresol) ~ 3-F H &
#8 K — & (3-methoxy catechol) ~ 3- ¥ J #f X — & (3-methyl
pyrocatechol) ~ 1,4- % — &y (1,4-benzenediol) ~ 4-T X # F &
& By (4-ethyl guaiacol) ~ 4- ¥ X #f X = B (4-methyl
catechol) ~ 4- Z % % -2- ¥ & £ & (4-vinyl-2-methoxy
phenol)~ 2-9 3 -1,4- % — & (2-methyl-1,4-benzenediol) ~ 2,6-
= ¥ & A & (2,6-dimethoxy phenol) ~ 2-F & 4 -4-F & &
(2-methoxy-4-propyl phenol) ~ # A H X # F & & X B
(isoeugenol) ~ 2- ¥ & X -4- F X & (2-methoxy-4-propyl
phenol) ~ 2,6-— ¥ &, % -4-% & £ & (2,6-dimethoxy-4-allyl
phenol) ~ 3-%% & £ -6-F & & & (3-allyl-6-methoxy phenol) 2,
EEmmRas -
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AER U - ERB H AL YT W E A S (biomass

pyrolysis oil)# 47 3 B o
E—FHbIT LEGEATMRRBEMERLZE
—BBILEOTTHA - ERE > HATHHE MG
E R
E—RRBT > ERBTEHE—BR > LB TE
(ethyl acetate) ~ Z B & &5 (propyl acetate) -~ Z B T &5 (butyl
acetate) ~ ¥ & E & X & (methyl isopropyl ketone, MIPK)
¥ & £ T & & (methyl isobutyl ketone, MIBK) ~ F £ B % #
B (methyl i-amyl ketone, MIAK) ~ = Z # & (ethyl ethyl
ketone, EEK) s ¥ ¥ (toluene) » k 3k /A S| 81 & & 4 & & #2 34
ZEELRBEAMNO0.1:1~1:1-
KRBT NE—BBILEDZIREESTHET A
A v 2 B ¥E Y] & 3 F & (formaldehyde) ~ % £ z &
(glycolaldehyde) -~ & # (propanal) -~ Ff & FX X ¥ &
(m-hydroxybenzaldehyde) ~ 3- ¥ & 3 -4- & £ X ¥ &
(vanillin) ~ 23- = # X X ¥ & (2,3-dihydroxy
benzaldehyde) » m-# & X ¥ 8 (m-hydroxy benzaldehyde) st
5- 9 3 ok wf 8% (5-methyl-2-furfural)e F B 45 2 &% — By #8 1b
Sz EFTLRENMNN 0.1:1~1:1 AN 0.3:1~0.8:1 -
PidmXBERTORELE T8 LEABE - ERE-ET
B~ RT8 - ERB - EOEBRRTE AAF —®EL
S ZEF KRB 0.1:1~10:10 b 4b > A7 5 ho 2 b 1 A5
HTERAK - ZCABRKER -ZCE_BAKER - &
b s KB R ihiubé?*%’ﬁiéiﬁih%éﬁﬁiﬁﬁi °

7
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A-—EEEAAF NLABE BEALRESEFE
T TREaHERN—SE=_8ELESY  UHE—BHEILSE
WETERS  LANE-—BBILEMBRESETBEY Ao
¥ = By #8 1t 4 49 7T €, 4% & (phenol) ~ 2- F &) (2-cresol) ~ 4-F
&> (4-cresol) ~ 3- F &y (3-cresol) ~ # F & & By (guaiacol) ~ 2,6-
— ¥ X & (2,6-dimethyl phenol) ~ 2,4-=— ¥ ¥ & (2,4-dimethyl
phenol) ~ 4- Z # & (4-ethyl phenol) -~ m- Z % & (m-ethyl
phenol) ~ 2-F & % -4- F X & (2-methoxy-4-methyl phenol) »
1,2- % — & (1,2-benzenediol) ~ 3,4-— ¥ X & (3,4-xylenol) »
4- 7, ¥ -m- ¥ B (4-ethyl-m-cresol) ~ 3- ¥ & A # X = &
(3-methoxy catechol) ~ 3- ¥ X # ¥ — B (3-methyl
pyrocatechol) ~ 1,4-X — & (1,4-benzenediol) ~ 4-Z X #f F &,
3 By (4-ethyl guaiacol) ~ 4- ¥ X # X — #& (4-methyl
catechol) ~ 4- T M % -2- ¥ & 4 & (4-vinyl-2-methoxy
phenol)~ 2-F % -1,4-X = & (2-methyl-1,4-benzenediol) ~ 2,6-
— ¥ & & & (2,6-dimethoxy phenol) ~ 2-F & & -4-5F & &
(2-methoxy-4-propyl phenol) ~ # & ¥ A # F & & X &
(isoeugenol) ~ 2- ¥ & X -4- & & & (2-methoxy-4-propyl
phenol) ~ 2,6- — ¥ £ X -4-t% & X & (2,6-dimethoxy-4-allyl
phenol) ~ 3-}% & & -6-F &, ¥ & (3-allyl-6-methoxy phenol) s,
EBmhhes RAF-—BHBALEHIEITLRBAMIMN
0.5:1~2:1 -

AH—FRBIF REBERS ZRETEOHE —F =
By 8 1t & 4 » 4] 4= & (phenol) ~ 2- F & (2-cresol) ~ 4- F &
(4-cresol) ~ 3- ¥ & (3-cresol) ~ # ¥ & X & (guaiacol) ~ 2,6-
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= ¥ X & (2,6-dimethyl phenol) ~ 2,4-— ¥ X & (2,4-dimethyl
phenol) ~ 4- Z # & (4-ethyl phenol) - m- Z % & (m-ethyl
phenol) ~ 2-F & X -4- F & & (2-methoxy-4-methyl phenol)
1,2- X — & (1,2-benzenediol) ~ 3,4-= ¥ 3 & (3,4-xylenol) ~
4- 7 ¥ -m- ¥ # (4-ethyl-m-cresol) ~ 3- F & £ # ¥ — &
(3-methoxy catechol) ~ 3- ¥ X # X =— & (3-methyl
pyrocatechol) ~ 1,4-% = & (1,4-benzenediol) ~ 4-Z £ #f ¥ &,
A B (4-ethyl guaiacol) -~ 4- ¥ X #f ¥ = & (4-methyl
catechol) ~ 4- Z # % -2- ¥ & X # (4-vinyl-2-methoxy
phenol)~ 2- ¥ X -1,4- X — & (2-methyl-1,4-benzenediol) ~ 2,6-
— ¥ &, X 8 (2,6-dimethoxy phenol) ~ 2-F & & -4- & £ &
(2-methoxy-4-propyl phenol) ~ # A H A & F & & ¥ &
(isoeugenol) ~ 2- ¥ & # -4- & & & (2-methoxy-4-propyl
phenol) ~ 2,6- = ¥ & X -4-% & & & (2,6-dimethoxy-4-allyl
phenol) ~ 3-4% & % -6- F & & & (3-allyl-6-methoxy phenol) %,
HBEMhRaesd LAF-_BHBELIDWELETHHER S
ZEFLREANMNO0.1:1~1:1 KB AR 0.1:1~0.5:1 -
EA-—FROT > NERBOSLLEFE —BBELLY
RELAEE BREEaMEEFAEZIERLT  TEOE
Ah—FOBELESY  UHE—BBRILEHETRS -
LARE BBV RET B YA E iy EiLs
# ¥ €, 4% 8 (phenol) ~ 2- F & (2-cresol) ~ 4- F & (4-cresol) »
3- ¥ B (3-cresol) ~ # ¥ & X & (guaiacol) ~ 2,6- = F X &
(2,6-dimethyl phenol) ~ 2,4-— ¥ ¥ & (2,4-dimethyl phenol) »
A By (4-ethyl phenol) ~ m-Z # & (m-ethyl phenol) ~ 2- ¥

9
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£ % -4- F X & (2-methoxy-4-methyl phenol) ~ 1,2- K — &

(1,2-benzenediol) ~ 3,4-=— ¥ X & (3,4-xylenol) ~ 4-Z % -m-
¥ & (4-ethyl-m-cresol) ~ 3- ¥ & & # X — & (3-methoxy

catechol) ~ 3-% X #¢ X — & (3-methyl pyrocatechol) ~ 1,4-K
= # (1,4-benzenediol) ~ 4- Z % # F & £ ®& (4-ethyl
guaiacol) ~ 4- ¥ & #f & — & (4-methyl catechol) ~ 4- T }& % -2-
¥ & & & (4-vinyl-2-methoxy phenol) ~ 2- ¥ X -1,4- K — &
(2-methyl-1,4-benzenediol) ~ 2,6-=— ¥ £, X & (2,6-dimethoxy
phenol) ~ 2-F & ¥ -4- & X & (2-methoxy-4-propyl phenol) -
A HAR T A K KB (isoeugenol) ~ 2-F A K -4-7 X &
(2-methoxy-4-propyl phenol) ~ 2,6- — ¥ & X -4-%% A X &
(2,6-dimethoxy-4-allyl phenol) ~ 3-# & % -6- F & # &
(3-allyl-6-methoxy phenol) & H s a4 > L4 G4
BEMRBZETFBTLRENN 0.1:1~05:1- £ —F 26 P
FuB Bt WA E —BBE/LSYBER AFukHELS
MEE—HBELSHZEFLRBEAN 0.1:1~0.5:1
FAERAFOREH L EABRBHBEERETHE UK
— BB ERER -  £E—FHA P o T A — B H &y B A
PEBREATHE Gl L8 8 ERE - ZRE -
ETE -ETE -EXE - LCEIRTEHBRBERES
REFTHE  LABBEARBHEERZIEZLABMIN
0.1:1~10:1- A HE P F O FE RN LEBHBEBERBERSZ &K
# (matrix) ° A ¥ m — Bt B8 4 & # # (resin impregnated
material) - EE A M T @3 K B4 F 8 (Fl o K& 47
) é&iﬁ(f&d&a%&é&)ﬁiéﬁk%(wﬁn%ﬁ) o £— KB F o

10
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Bllo ABMBEBERBERSRT - KL ABR—BELEZKR
AEARAOTH—BESERMBETHRESLS > AHB R
—BEREHH  E—FTHBT > Sl —HESERR
HHETRARBRE  RBR—ERAREHH -
ABRRAZ-FTHG R/ —FHEHH 6 — %
Mo LM R B REMERERSEZ -
LEEMHTEERAELBLEETDBl o R R448H) K
(3w & R &) R BB (Bl A ) -
ANER UL H R i (biomass pyrolysis oil) & &
] 4o E K mx & 4 # (bakelite molding material) &y 4t 55 s & #
Mo BT RULATHARB AR ERE X
FiE e

[ x4 1)
AEABEAEAHZHE]

B BROS25 e AS REBH e N 420 L #h T Bk
CEAFER - LHERASRALBIE > AARRAYRB I
Eofm-BZE > REE4 581 giwA 418 Loy KEAFTAE -
BHEsMEL BREAKAE 470 1 AN 471 5~ 5% B B
G UNAEEPHEARR T3-LE T EREHE N4
BEKMBURBAERZETAE  BRBELAIIES - R
BRI A Ak SN 3 426y MIBK #47# 8 > 3 34 GC &
HWEREAR -GC oM EHERIMAFLBHELLSDEDE K
bo F

11
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GC % #7 4% 1

Agilent 7890A

Z 4 : DB-5ms (60mx250umx1pum)

EHBE C280°C

% # h ik . He, 2mL/min

EH WL &R

E 4B A ¢ 0.1pL

meHE A 40°C (Smin)-#¥ 8 3°C/min-280°C (Smin)

BLrEA ST HIAI/RIBHEILEEDHE ST ERLER
(phenol) ~ 2- ¥ & (2-cresol) ~ 4- ¥ & (4-cresol) ~ 3- ¥ &
(3-cresol) ~ #f ¥ £ X B (guaiacol) ~ 2,6- — ¥ X &
4(2 6-dimethyl phenol) ~ 2,4- = ¥ X & (2,4-dimethyl phenol) -

% By (4-ethyl phenol) ~ m-Z # & (m-ethyl phenol) ~ 2-F
a4 -4-F K 8 (2-methoxy-4-methyl phenol) ~ 3,4-— F X &
(3,4-xylenol) ~ 4-Z # -m- ¥ & (4-ethyl-m-cresol) ~ 3-¥ & £
&R R — By (3-methoxy catechol) ~ 3-F & #f X — & (3-methyl
pyrocatechol) ~ 1,4-K — & (1,4-benzenediol) ~ 4-Z X # ¥ &
#% By (4-ethyl guaiacol) ~ 4- ¥ X # X — B (4-methyl
catechol) ~ 4- T % X -2- ¥ & A & (4-vinyl-2-methoxy
phenol)~2-¥ & -1,4-X — & (2-methyl-1,4-benzenediol) ~ 2,6-
= ¥ & X & (2,6-dimethoxy phenol) ~ 2-F & X -4- 5/ X &
(2-methoxy-4-propyl phenol) ~ ¥ & W X # F & X X &
(isoeugenol) ~ 2- ¥ & X -4- /F X & (2-methoxy-4-propyl
phenol) ~ 2,6- — ¥ & 4 -4-4% & & & (2,6-dimethoxy-4-allyl
phenol) 2 3- 4 & X -6- ¥ & HX & (3-allyl-6-methoxy

12



201326268

phenol) » £ GC o #E#EwE 1 BAfv> THRHEHBX 1

cEE

%) 1

B @i LB L4

&
k3
ps

B @eh L2 24 HHX

32.29 | phenol 47.54 | 3-methylpyrocatechol

36.67 | 2-cresol 47.86 1,4-benzenediol

37.85 4-cresol

QR

48.19 | 4-ethylguaiacol

<

38.50 | 3-cresol 48.63 | 4-methyl catechol

38.89 | guaiacol 50.49 | 4-vinyl-2-methoxy-phenol

39.29 | 2,6-dimethyl-phenol 50.75 | 2-methyl-1,4-benzenediol

41.92 | 2,4-dimethyl-phenol 52.05 | 2,6-dimethoxyphenol

3

43.53 | 4-ethylphenol 5240 | 2-methoxy-4-propyl-phenol

o2
facislslislistelts

43.93 m-ethylphenol 54.78 | Isoeugenol

{
\

[

4440 | 1,2-benzenediol 56.79 | 2-methoxy-4-propyl-phenol

il

44.85 | 3,4-xylenol 57.13 | Trans-Isoeugenol

45.93 | 4-ethyl-m-cresol 66.78 | 2,6-dimethoxy-4-allylphenol "

>

46.71 | 3-methoxycatechol 68.09 | 3-allyl-6-methoxyphenol

Rk
3?’

A% 47 L BB SRS S 130 L e B~ 47 H 8
BrIA R 30ml YL EERAN —REM P IE ok o 323 5 #4
(formalin) & F & 4 8 & 37wWt%e) K 5% o 4% 10ml &9 & K
oA L REAF - =8 80C » RE 1 BF o 2%
FREFE  ERTREMBHF ISR - R TR &8£S
(PF)EX%R 165 L LW HE BRI 23] A LERBHE

13
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4343 3 2 A By Bt s (PF)IE & 396 3¢ -

BEHE 100 Rk EHEBALESZA B
BAREPE)ER 17550 2R 24 B HE ML U FERY
MBS ERYE BE > BB RAFK(B0C)EAT
BhR > AHEaBEREAH(ERREMH) AEARZ
M % 7% J (internal bonding strength) % 41.1+2.9kg¢/cm? -

[ &4 2]
2EABEREM B ZH 4 1]

BAR BRAIAGMBRBE BN B ALY THT
B R 105 L 9By (M5 KRR /T8 T EE=1/0.1 £ §#
BB/ B=1/022)/TER > EREARBEL > FB
BBRAGRBIFBESRE - &% REHAE 4355 A
35734 B9 KEAT KK - KRB E o 48% > Rk 309 %
aN 412 %~ 5%ey R EE B4 AFEEEL pDHEZ AN 73 L
WP BEREHFENTMB > R AU AE R #ITX
B FRBELEHES  BREBBEI/LEYHE SN 3 28
MIBK #7# %> X GC @ - GCHr#BE#HRAE
¥ 1 R GCotmiFzamhrhB LR 2 BT -
TRIBHBER2AE -

% 2
B @R 1% 2 #% HEHKX B g R L824 X
32.56 | phenol 47.43 | 3-methyipyrocatechol @(’

(:(M 47.75 | 1,4-benzenediol /O/m

14

36.57 2-cresol
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B GErR] 1% 2 # SHX B Qs L5 X
37.76 | 4-cresol /O/m 48.08 | 4-ethylguaiacol \/(I/
38.43 | 3-cresol "°\©/ 48.51 | 4-methyl catechol /E;C
38.78 | guaiacol CC"/ 50.37 | 4-vinyl-2-methoxy-phenol \/(j:-/
41.82 | 2,4-dimethyl-phenol /Oiw 50.64 | 2-methyl-1,4-benzenediol -/(I
42.75 | 2,4-dimethyl-phenol /E:C“ 51.93 | 2,6-dimethoxyphenol \/@\/
43.60 | 4-ethylphenol m\O\/ 5227 | 2-methoxy-4-propyl-phenol ::@\/\
43.82 | m-ethylphenol WD\/ 54.64 | Isoeugenol :j@\/\
4427 | 1,2-benzenediol ©:: 56.64 | 2-methoxy-d-propyl-phenol | )
4474 | 3,4-xylenol ,/EI 57.02 | Trans-Isoeugenol :]@I\A
45.82 | 4-ethyl-m-cresol -\C(/ 66.66 | 2,6-dimethoxy-4-allylphenol \”‘j}j\/\
46.59 | 3-methoxycatechol ig(; 67.97 | 3-allyl-6-methoxyphenol /OD\/\

W14l p e BB S AR R 195 26948 HAR L R 45ml

HLEBREH—RE

)i}@#ﬁa"”’ PR 80C E\)?E 1/ H%’ -z'fé

EHARL P 3t Au B & 15ml 8 & K Aw A Lk

 FRTREMBE B

BB EEE

o B i F B B &8 Kt s (PF)iE &

165 %, > MR AR 23] LY LB AR RS E A &
# s (PR & -

BEHE I00 ey Ry ERHEBANLESZA B
et PF)ER 175 3 X 24 1 FHREH U AAYR
BB BESRERE  BF  BESERARREEREY
#ABOC)EBTR R » UM A B A REMFH(ERRDH
) BMERAR 2N RBRE A 39.7+2.8kg/ocm” -

15
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[t E okt 1]
oMt H4E ]

94 Br i 130 LB BERBREN — REM T 3 Ao
2o 1I0ml ey R AKWALERBHKF > 28 80C > RE 1
B e 2% AR BETR  ERTREMRSBES R
BRETREBBEEMPE)ER 165 % » £ Z B ERU 231
RO TERATRRSZABRBERECF)ER -

BEE BE 100 g9k EHREANLESZAE
B BE(PF)ia & 175 50 0 2% 24 /B » 31k » Sl B4
WREBEOBESRAR - BE 0 BMESERERBE K
RAA(80C)EBTER » AW BB REMF(E K &R H
) > REMRA Z R KE B 30.745.9kgd/om’ -

[ b & a4 2]
BonhEariA eIl
A% 94 u ey By ~30ml &9 L B2 A R 130 54,8948 B AR R AR
—REMM P B Iml A KA LHERBARP > 3
m8C  RE1 /B - 2% AHFREETR  ERTK
BHRFE R 87k 8- FTHERTZTABE
#ths (PF)E & -

[t T4 3]
Biouths kB HH 2 84 I

Bh BRSO A THTEMNAN S LAWY RKKRE
BB AREMRS/CETE=1/1)ETER  XRREAL

16
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RBER B ERRASREBIFESR - % > RIEH

#8 709 F Ao AN 509 H ey KT KL ©

B E oA BRELKAE 636 LA 713 % ~ 5%
Badm UHEEEPHEAN T3 L PHERBHEH

Ao RBAKMBURBARSETAE SBRBELEDHKD -

REyEILS Wik SN 3 /28 MIBK #5# 8> 30 GC
R an  GCoaWEHRE®RFAL HGCorHmiFx

Ao BELE3BAT TRARHBEAIARE -

%3

E @ agha (21 X B @orhd (o F2 1 £ o
32.28 | phenol O/m 47.53 | 3-methylpyrocatechol @C‘
36.66 | 2-cresol Of 47.85 | 1,4-benzenediol -/O/—
37.85 | 4-cresol /O/A 48.20 | 4-ethylguaiacol \/(I/
38.50 | 3-cresol \O/ 48.63 | 4-methyl catechol JCC
38.89 | guaiacol C[/ 50.48 | 4-vinyl-2-methoxy-phenol \/(:C/
39.29 | 2,6-dimethyl-phenol ﬁ:( 50.75 | 2-methyl-1,4-benzenediol m/qm
41.92 | 2,4-dimethyl-phenol /@f 52.05 | 2,6-dimethoxyphenol \,/Q\/
43.52 | 4-ethylphenol \©\/ 52.40 | 2-methoxy-4-propyl-phenol \D\/\
43.93 | m-ethylphenol .«/O\/ 54.77 | Isoeugenol < P
44.40 | 1,2-benzenediol CC 56.79 | 2-methoxy-4-propyl-phenol ::(j\/\
44.85 | 3,4-xylenol {q 57.13 | Trans-Isoeugenol \D\/\
4593 | 4-ethyl-m-cresol i 66.78 | 2,6-dimethoxy-4-allylphenol \Ejv\

y T yaliphenol] -
OH . /0
46.53 | 3-methoxycatechol ij(/ 68.09 | 3-allyl-6-methoxyphenol D\/\
o AN
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94 By BRIL SRS~ 130 LR EMKRRE 2]
AHBRAN—KREMF EAws # 10ml 9 R KA Lt
REMP » BiESOC > RE 1 /B 2% AHBRET
B YRTREMBFESR - RETREBBEHECPFRER
165 %, » % ZBBEREBILEHR  BFEUNLEARARSL
ZRBEBEHECHER & S£xHEABESREATMH
# o

[ £ 4] 3]
AGRERRFIREERDR S EERNALHKLLE)

BRARENBR L2 EIRET AN ABREMEHRSLKE
BRERABENR > ENBERETHEBRBEY T HFREST
PHARE HadasFLzBREMERTE  R&E
B ERN 103L2CI B FHEEZEE - TH > dRAEAZ
RO ERRLZ LB ESELRELR S E -

MERBREBERREFEH B RaBARXRE
MEy A2 A 58%-

MEAB KB BB BEILEMYRBREFRE®RS 10 &
SER KR FPRREAE  EREALHRLE WK
BEME EREB=11(WW) BER Kk PR EAkEHE
FRiFel 2By it mERENLEESEA 86% -

[ F % 4] 4]
ARRERRTZIABANDLETERANLNDA LK L&)
AERBIUMBABRR BSOS BRBDBELEHORER
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E M) 2 EEE & & (pheno) R L8 T ESFHE M R 0 WA
R E B B=1:022(W/wW) > W4 K% EMBH 8K
=1:0.1(w/w) - @ER ~ Kk~ PRRABHL > FFH2H
BILAMEREMRE S E AN 99% o

i EZ R ANBEZERA AL MR LR ¢

EREAEA G REMNZ & S % (phenolic compounds) -
WEASRBHZIBHERSHUANBZ A RF 4L dRMEE
¥ (alkaline catalyst) & £ T 4 m & & # B
(phenol-formaldehyde resin): A & mx 2 ¥t 85 T & B 45 4o 4~
BRAK  LE-—FRUEBMELZAREGREBRLGEHRE
AR MM -

PR EZERBGAAERZIAEY 3 Z A b (biomass
pyrolysisoi )4 A BB 24 REKERBEY  AKE
F F 4 % (biomass)& B i # A% (fast pyrolysis) @ 43 o 24
BMBILEMAE S EEB AR R FRA - L ERAHHNBHE
LoV EMmES  Bsb ZRERAEBBEALSY > @ H
BAZEZAEZEALAYRRAHRZ 10% - Bkt H5E
ZERBTABEGCBKRABREREBNZERE - BHAA
REBMBRA > My IEEAaRELGBBILEME
R mABtEE - st FIAMBZERY EM 4o d foBE
) THRAEBRBLEHWIRGHBIBE)RRELR > A
MERNRBEFEGBIRFSABMEBRR 24 Z6o K%
Mo ERERREMM

FBEITRVNTRARKBEDRERKIREBEDY
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BRREFZXBARABHE R-—HERERXRAHEVBEDAR
4 89 7T B 4 (renewable) £ B Bt B M # - B4R T #H1bm B &
BRE > R —ABEER > REKEILL R—FT XK
4 IR &Y %k & 18 £ # F (green chemical) ©

ARG HOUARAETARABEL L RE LI AU
MREFAFH  EMABATHBAREEL  EXARBATAZIH
HRERBRN ETHEHRBEG  BLAZAZIRELE
TREMZEFRABEMALE B E -

20
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[EXHERA]
¥ 1l BARBAERAZ—FHG > EERMAFZBHE
Lotk GC o4 B 3# -
FLEAREAFAZI—FTHRE  SERAFIHHR
etz GC o4 B 3% -
FIOBAEOEERABLIBHBILEDELZ GC 4
¥ B

EX T RFS KD
;& o

21
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C ¥ RAR

l.—#K 4t ‘E%ﬁ&ﬁﬁiﬂa HEomBEEI X 0F
F 95

#H— & % 4 3 % #% 5k (biomass pyrolysis oil) i 47 &
R ULERE — F — B #H 1t 4 4% (phenolic compound) 5 2A &

B —BHEA-RMEEEGTAT  HE%E &
Bt & B & TR E N R — B OB HE A
(phenol-formaldehyde resin)i& & -

2P FEAKEE S 1 AR R AT WHREBHEY
BRRBEZITE  BEFZLHHBRRBEA L ED
CREABAER ATSLEHOBHER HER X
BANE F

3P HEMNEEE 1 Az KA T HHREBHY
HERBEEZIYE ERFZF—BBELESY OB
(phenol) ~ 2- ¥ & (2-cresol) ~ 4- ¥ & (4-cresol) ~ 3- 7 &
(3-cresol) ~ # ¥ & X & (guaiacol) ~ 2,6- = F K &
(2,6-dimethyl phenol) ~ 2,4-— ¥ % & (2,4-dimethyl phenol) ~

& & (4-ethyl phenol) ~ m-Z % & (m-ethyl phenol) ~ 2-F

% -4- % A & (2-methoxy-4-methyl phenol) ~ 1,2- X — &
(1,2-benzenediol) ~ 3,4- = ¥ ¥4 & (3,4-xylenol) ~ 4-Z % -m-
¥ E (4-ethyl-m-cresol) ~ 3- ¥ & & # X — & (3-methoxy
catechol) ~ 3- ¥ & #f X — &y (3-methyl pyrocatechol) ~ 1,4-K
= & (1,4-benzenediol) ~ 4- T % # ¥ & A & (4-ethyl
guaiacol) ~ 4-F X #f X — & (4-methyl catechol) ~ 4-Z ¥ % -2-
¥ £, & & (4-vinyl-2-methoxy phenol) ~ 2-F %X -1,4- X — &

22
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(2-methyl-1,4-benzenediol) ~ 2,6- — ¥ & X & (2,6-dimethoxy
phenol) ~ 2-F & % -4-% X & (2-methoxy-4-propyl phenol) -
HaAHALRTF AL XEB(isoeugenol) ~ 2-F & & -4-5/ & &
(2-methoxy-4-propyl phenol) ~ 2,6-— % & & -4- % & & &
(2,6-dimethoxy-4-allyl phenol) ~ 3-% & X -6- F & £ &
(3-allyl-6-methoxy phenol) & H #5814 &k 2 4 -

4w P HEANEEE | BREIRAEAETHRERBY
BHEMBEI T, BPHU—ZREAHFZLEHRER
AT BB o

ShEFRALEBE 4 Atz n L EHRERBY
BEREBAEZIT R EFPZERSA QLT H T E (ethyl
acetate) ~ Z B & & (propyl acetate) ~ Z # T & (butyl
acetate) ~ ¥ & £ & X & (methyl isopropyl ketone, MIPK)
¥ & £ T X 8 (methyl isobutyl ketone, MIBK) ~ ¥ X B X &
&7 (methyl i-amyl ketone, MIAK) + = Z ¥ & (ethyl ethyl
ketone, EEK) 2 ¥ X (toluene) -

bl FEAEME S AR AT HBE MY
BREAEL YL AV UERARRL EMAL A2
EEHAMN0.1:1~1:1-

ToFFEHNEEAE S AmEIMHEATHRERHY
mEREBEAEITE  ETZERBFRZAE-—F_mr#isd
o e

e EAEEE 7 Az AEHBREBRHY
EEREABEBEZI TR ERYSZE _®EILSDORE®
(phenol) ~ 2- ¥ & (2-cresol) ~ 4- ¥ & (4-cresol) ~ 3- ¥ &

23
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(3-cresol) ~ # ¥ & X & (guaiacol) ~ 2,6- — ¥ X &
(2,6-dimethyl phenol) ~ 2,4-— ¥ ¥ & (2,4-dimethyl phenol) -
4-7, 3 # (4-ethyl phenol) ~ m-Z % & (m-ethyl phenol) ~ 2- %
q, & -4- F & & (2-methoxy-4-methyl phenol) ~ 1,2- X — &
(1,2-benzenediol) ~ 3,4-= ¥ & & (3,4-xylenol) ~ 4-Z # -m-
¥ #& (4-ethyl-m-cresol) ~ 3- ¥ & X # X — & (3-methoxy
catechol) ~ 3- % X #f X — & (3-methyl pyrocatechol) ~ 1,4-X
= & (1,4-benzenediol) ~ 4- Z A # ¥ & £ ® (4-ethy1
guaiacol) ~ 4-F R #f X — & (4-methyl catechol) ~ 4-Z % #

¥ & X & (4-vinyl-2-methoxy phenol) ~ 2- ¥ 3 -1,4- X — &
(2-methyl-1, 4-benzenediol) ~ 2,6-— ¥ & A& & (2,6-dimethoxy
phenol) ~ 2-¥ £ X & By (2-methoxy-4-propyl phenol) »
AW AN T AKX B(isoeugenol) ~ 2-F A K-4-A K &
(2-methoxy-4-propyl phenol) ~ 2,6-=— ¥ & & -4-% & X &
(2,6-dimethoxy-4-allyl phenol) ~ 3-% & X -6- F & & ®&
(3-allyl-6-methoxy phenol) s B #5844 &% 48 & -

O PHEAHNKEEY 7 Atz ML ThA R BB Y
EREBEZI T BEYSFE_BBLEDETL TR
H@mzEgEgLNn01:1~1:1-

0w PHEARBE 1AMz AEHRERHY
%%%ﬁ%zﬁ%’%¢ﬁﬁﬁ@%?%‘ﬂ§6%
(glycolaldehyde) -~ & & (propanal) ~ R £ X X F B
(m-hydroxybenzaldehyde) ~ 3- ¥ & X -4- 578 X X ¥ B
(vanillin) ~ 2,3- == £ X X ¥ & (2,3-dihydroxy
benzaldehyde) » m-#& % X ¥ 8 (m-hydroxy benzaldehyde)

24
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5- 9 5 ok % 8 (5-methyl-2-furfural) °

NP FEAMEDE |AmEI LT R ERBY
EREMEI TR ATUBBEASE B BELLOH2E
FEHERBAMN0.1:1~1:1-

R P FEHNERE 1AM A TR E BB Y
HEBREMEI T EFSBROE L FE LR
RAAREE -ETE-RATE - EXE - ECEBRWTE-

BodFEAEBF | BAmiz s Enaims
HEBEREITE RTUBRBEASYE B BEILAH2E
AN 0.1:1~10:1 -

VP FEAEEF 1AMz R A EDREBGY
FEEBBEREI T E  RPZRMEERLOCEAK =LK
KEBR S ZCEABARER -~ SRILMAKER - B R 147
KIER RS AICBAKER

Bt F3HEEL S Bmbizm#EeEhBEmel
BEREBBEI TR RNUABE URBEASBRMEREAA
TrREaeERMm— S =By ILEH UHEZLE —BELL
METRAE -

16 FHEANBBE 1S AAREIRETHBAE R
REREMEITE  RYBE=_nHttbhasmn
(phenol) ~ 2- ¥ & (2-cresol) ~ 4- ¥ & (4-cresol) ~ 3- F &
(3-cresol) ~ #fF ¥ £ X B (guaiacol) ~ 2,6- — ¥ A &)
(2 6-dimethyl phenol) ~ 2,4- = ¥ & & (2,4-dimethyl phenol) -

% By (4-ethyl phenol) ~ m-Z % & (m-ethyl phenol) ~2-9
£ & -4- F A B (2-methoxy-4-methyl phenol) ~ K= &

25
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(1,2-benzenediol) ~ 3,4-= ¥ X & (3,4-xylenol) ~ 4-Z X -m-
¥ & (4-ethyl-m-cresol) ~ 3- ¥ £ # # X — & (3-methoxy
catechol) ~ 3- ¥ X #f X — & (3-methyl pyrocatechol) -~ 1,4-%
= & (1,4-benzenediol) ~ 4- Z # #f ¥ A A & (4-ethyl
guaiacol) ~ 4-F K #f R — & (4-methyl catechol) ~ 4-Z # 4 -2-
¥ & & B (4-vinyl-2-methoxy phenol) ~ 2-F ¥ -1,4- X — &
(2-methyl-1,4-benzenediol) ~ 2,6-— ¥ & & & (2,6-dimethoxy
phenol) ~ 2-F & 3 -4-% & & (2-methoxy-4-propyl phenol) ~
HAmEA T AR KB (isoeugenol) ~ 2-F & K -4-5 & &
(2-methoxy-4-propyl phenol) ~ 2,6-— ¥ & X -4- 4% & & &
(2,6-dimethoxy-4-allyl phenol) ~ 3-% & & -6- F & % &
(3-allyl-6-methoxy phenol) sk H #5449 & 48 4 -

1T PFEHERE 15 AREIRETHBRRES
HEREMEIT: ATSF0BLEDAERE —B
Bz EELNN 0.5:1~2:1

Bt FIAEBE TRAEZIRAEATDRR BB R
BEREBBEZITE  NEABRE - SERASREEEFA
TR RaoERim—RFouBBELESY  UHTLE —BBEILSLS
MEITESE -

19w P HENEEE 18 HrRAIK LA THHEM
HeEBmEMEI T, B2 Ffudrfittebhesmn
(phenol) ~ 2- ¥ & (2-cresol) ~ 4- ¥ & (4-cresol) ~ 3- ¥ &
(3-cresol) ~ # ¥ & K # (guaiacol) ~ 2,6- — F X &
(2,6-dimethyl phenol) ~ 2,4-— ¥ X & (2,4-dimethyl phenol) ~
4-7 3k By (4-ethyl phenol) ~ m-Z ¥ & (m-ethyl phenol) -~ 2- %
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£ X -4- F X B (2-methoxy-4-methyl phenol) ~ 1,2- % = &
(1,2-benzenediol) ~ 3,4- — ¥ X & (3,4-xylenol) ~ 4-Z X -m-
¥ By (4-ethyl-m-cresol) ~ 3- ¥ & X #f X — & (3-methoxy
catechol) ~ 3- ¥ # #f K — & (3-methyl pyrocatechol) ~ 1,4-%
— & (1,4-benzenediol) ~ 4- Z & H F & £ & (4-ethyl
guaiacol) ~ 4- ¥ B #f X — & (4-methyl catechol) ~ 4-Z 4% % -2-
¥ A, % & (4-vinyl-2-methoxy phenol) ~ 2-F £ -1,4-% — &
(2-methyl-1,4-benzenediol) ~ 2,6-— ¥ & & & (2,6-dimethoxy
phenol) ~ 2-F & % -4-% X & (2-methoxy-4-propyl phenol) »
HAHEHR T &AL RX®(soeugenol) ~ 2-F & K -4-% & &
(2-methoxy-4-propyl phenol) -~ 2,6-— % & X -4-4% & X &
(2,6-dimethoxy-4-allyl phenol) ~ 3-%% & & -6- F & A &
(3-allyl-6-methoxy phenol) sk & 54l 4 &% 48 4 -

00 FPHFEAMNEELE 18 AMAIRETHRRED
REHEMEI S E AT Bto W RATILEY
BB EELNMN 0.1:1~0.5:1 -

0w P FEAEBE | AMEX KL EHBRERBY
BERBEBEI T E RORHIRBEHMBEEIRETHE
AT R — By BB s M RE R -

R FHEMNERE 21 Az R ETHRERD
RAEBMBEMEZ Y, AP AR —BEHZAHEMEER
BATHRE

VwFHFEMNEBE 22 Az e THRARBRS
NepmBlEx s APuBBeEcE Y8 LA
B-RAABE ETE - BETE ELXE -ECEHRIKRTE-
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2o B EAHEE 22 A IR AT HBIEAD
UHmEBMEI r AT 3B RATBBEEERZE
AR 0.1:1~10:1 ¢

B wFHFEANEBE 2] Bz LA EHH LR

UHEMBRBEZ T, PARUIHBHERERSEZ -
EA o R R —HESERH K -

260 PHEAEE R 25 EAREZIKAEAEMBER A
UHBBHEZIT: BT ZAHACEARESREED - &
R &

27Tk ¥ F EAREE 25 AL IR EEMHRERS
HEHEMEXIT ) ROBHIABMELEMHETHE
A 0 AT R — B RE R R -

28.— Bt AE M B 0 B

—EM d P FEANEEL 21 A E B BB B
HRRAASE -

9w FFEHEEE 28 FHRdxEHF > L ¥H
AHOERELEETH - KB - HX&D -
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r001
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00S
vd
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| 10.008 56.641
o 58.356 '
2 59.991
- = 64.462
< ]
(-}
o0 y
O .
= *88.401
=



201326268

ot |\ g e A N O
= S = S S S S
S S = S S S S >
18.322
38.093
44.407
46.635
52.403
54.779
56.796

64.612

£y



