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Abstract

Abstract

Preparation and foaming of lignin-modified phenolic resin

The preparation of phenolic resin is not complicated and the required cost is not
high. It has great potential in industrial production. However, phenolic resin causes the
pollution to the environment and the required materials such as phenol are not
renewable, so some methods about modification can be used to synthesize materials
that meet different needs. Lignin has a certain similarity with phenol in properties and
it is easy to obtain and renewable. A part of phenol can be replaced by lignin to
synthesize resin. The modified phenolic resin has many advantages such as excellent
stability and corrosion resistance. Phenolic foam can be used as insulation material, but
the problem of poor toughness hinders further application. By replacing the phenol with
lignin to synthesize the modified resin and foaming to obtain the samples, the
environment can be improved. In addition, the cost can also be lower. The microwave-
assisted method and hydrothermal method were used to degrade lignin and then the
phenol was partly replaced by lignin to synthesize resin in the thesis. The resin was
foamed to obtain the cellular insulant.

The results of the study are as follows:

1. Two different degradation methods (microwave-assisted method and
hydrothermal method) were used to degrade lignin. The sodium hydroxide was used in
the process as catalyst. The effects of substitution rate and reaction conditions on lignin
were studied. It shows that phenolic hydroxyl content increases by two methods. Under
microwave conditions, when the alkali concentration is 0.2 mol/L, the highest phenol
content can reach for 23.16% after reacting for 15 min at the temperature of 170 °C.
With hydrothermal method, when the alkali concentration is 0.2 mol/L, the highest

phenol content can reach for 23.64% after reacting for 1.5 h at the temperature of 250 °C.
If
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2. The hydrothermal method was used to degrade lignin. Sodium hydroxide and
sodium thiosulfate were added as additives to explore the effects about concentration
of additives and reaction conditions on lignin degradation. The lignin can be degraded
better by adding additives and the phenolic content can be increased. When the alkali
concentration was 0.2 mol/L and the salt concentration was 0.015 mol/L, the highest
phenolic content was 25.96%. Compared with microwave-assisted method,
hydrothermal method was more suitable for industrial production because of larger
volume injection and lower cost.

3. Using lignin as raw material to partially replace phenol, the effects on the
tensile strength and other properties of the phenolic resin synthesized with different raw
materials were investigated. It showed that the phenolic resin had the highest bonding
strength, reaching 2.92 MPa, which was synthesized by using the phenol partially
replaced by lignin prepared with additives. The relative curing temperature (A7) was
reduced by 10 °C. Polymerization and crosslinking are possible at lower temperatures.

4. The effects of various conditions on foaming were explored during the
foaming process. The amount of curing agent was 20% of the resin mass and the amount
of sodium bicarbonate was 1.5% of the resin mass. The amount of active agent was 6%
of the resin mass and the amount of diatomite was 10%. The sample obtained had the
best effect with curing at 110 °C.

5. The mechanical and flame retardant properties of the foam samples were
characterized. All foams met the requirements of compressive strength in the national
standard. In terms of flame retardant performance, the oxygen indices of all foams

exceeded 32%. All samples were flame retardant materials.

Keywords:

lignin, hydrothermal method, phenolic resin, phenolic foam
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Py B EL A A ) e e 7 [E B 5K Baekeland WA, 2 Ja i R I ZE AL TR SR
ST AR A MR AR R, FIEAS IR AR R H A R A e
SR, B TR AR IR R SR, S B R AT BT A T IR R SR R
gt sibt el B BRI\, BRI IR AR . XX RS
FABH AR T BE I &1 (0 75 ZERME B SR TT, AT 1 By A i e i)t — Pt e
Ko BB SO ST BHIBE FEB BN TGRS RRS 0o TR A i 26 7 22
FEBYBER IR ML) C—fROE IR, RS PR A il A5 DA S A7) o i
Ja B AT AL, B PEIK.

Moy I RS TR TR RAT AR 2205 s o YURAS B BAT AT TR KPR BE , MABEI 7 A2 1Y
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B B2 n] A A, A S RFERGE, B BEE. AIREUR S, Wik
TR INAREE IR, AR B2 KB TR R 2] 70%. BRI VIR &
2P R RYT R T AN AL A B A5 S BIIR, AT R 72
FEORIRTT I, IR SRR A R, RiEtbEat T 5aMmaEe. Bk BAaTm
MRIRF L WAL Z S RS AR RACR A R, BERETIE L, (DR IRAT R
A DUE AR 8] o DRONIRIR ISR R i oo R =, B, SRR, AR AN
RPEREA R RN UAS TR EIREE, —BASEE 5%, 5K
w7 EEREIE B 70% ) R 2B R I IR A L 2B i 2e 4 ANk, BB IAE AR
BE RN PR EVE . W R E IR A, U5 R DLOR R AT B 5L
R EVEE N, IR AR E A A PERE . BRI IR AT — LB s,
WG AT . XS ERINITEES A I, WSS 2 1] B SR AR o A A IXAS
R, N AT P BR 1 o

AT B E IR AR TR AN RAR S, 5 ROE E St I
Ao g LRSS T, B FCE AT I B A A B BN T BRI
710 BE A5 RARH A L3 e B, R oRAE 2 B A& MR T 46
EVE

Ja KRR 3 L&A 5T R IR, P&, A 1AM SRR
HHN, BTBEAABAEZ T HAWSS 77, FESCEHIE 7E I [R] th35eAT 2 s 25 e
WHFL, SATTHEIAS 7Bt RN AT, W TR 2 et e, ki
TEZRIMEAFEE . HHFER, NE5EAEATERE, GIANFESMIEAR LK
AR Ve, WHELLRIENLEE . — RIS IR ARG 2 m, T2ZHEA W
We5EHE o AR Tk FhAETEREDIAN AT R AF RGNS IR, Wi i it —
BHATIT

FEREIL SRR R 5L, BB A IR R R f NS0, BB AR R
DL R i) 4 J5 ANEE T AR D IR, 5 R0E B SO e Bl Z AT B .
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1.3.2 RIEAEER

RAABREFEZMEMEINS Y, FEEBEN R E LR, K5
AN S DL I o ARIEANF TR EE, BR 1 IR JFOR 2 AN wTES AN 8] ) et
FILASEm Rt . SRAMEAMEHELL, By A A RHE CRIR T TR AR 2, BRFA
PRI, PRI (VIR X R Py 2 R R4t M
(1 Fifg

R A A P AL A o GBI BR A, R A N IR N A S R R B
TS SR I RAF B R TRAE — e B0, IR Fansh. &, W
JRIIR 2 R R AR E, 8] & RS 5 R RCR . TEAE IR, TR R R AL
ot RIS LSRR AE KA g AT R I
(2)  RIAEME

FRIVE MR, A« SR 7 Tl A B AR Rl R T Ak ) BRI AR
ISR SN G, RE R R A R E M. HER — MR EER
K&, idbit 2 mbt .

(3) [

— A R 78 A LA, A8 B TCHURR B AR R S, T A HLIR IR TR 4% . A
TR IOERS, B E. "B S IEME, (EX R RMECH ™ &, AR
IO AR A . I, TR BRI N AT DL 47 3 fiff R A7 6 A1) 3K 6 ] gt
(4)  KIH

MR 325, FBIWAE . W LAEUR) 5 A 61 BRI R, R
YRR KA . A5 R R PR e el SR )77 AR i i A 22 AR TE R
TERR IR R P AL o B I S AN FIREAT R4, 40 A HLR I 75 LABR R 24
AP AR IR B R BRERESAEAEIIRE T, SOMIE s _8n, K
AR
(5) U

AR TR, — AL ESIEA R R A e 77 o AR 2
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MRE IR NG H 3 ™ 2, 389 Y50 A AN IR U Rl PA SR X 7 T A VERE . Bl UndE Kk
AR IR L, DR S A& M RIS =, B R IR,

1.3.3 RIEHE

Py B g e SO AL 2T G oR, EIXAN SRR, HREA — A
B, ZEEAWNK, REEIIEKERE RS,
(1 I

FEMA—E BRI Z G, W IEe 57 AR URIR G R BUEATE R Sh 5t
S R B IR (AR A S R 7= A R IR R R SRR AR R
A R MARES, WG E AR . TR AN A R PR A A A B
(2) Rk

W2 G, AR RRTE D, SRR I Y L, AW K.
17 JE B P A B T IR BE R [ S AR TE AR, X S SR — 2B, R4k s
ARAE K o A ATR S M H B 0, AN AR 08 EL AR RE A i 22 2 A 9
AR R R0 B AR IR S SRR e, X BN R IR EE ), X & I
& H A BEATHY .
(3)  AlFRE

IR KIS FEASHFET T 2, XN BRI SZRHRE. Rk
LA BURE M, ISAERRSRAED, TP RSB A R ERUEZ G, Sk
UM R A A WIS B, TR S P 3R BT i 7 A I HE 0 RS Rk B SR A
VST AR L . R ZTE AR E S M IR e

1.3.4 RSk

il % I YR IR IR SN T2 5 N A BE IR A5 i, J5 8 S AR R A AR NI
SRR, FEASRIMEAR, PR R R m i, 2 H R 5 I, Ry
FrREMRLE SRR, R LSRG T RE . AR, K BGE
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FEI SRR R AL RN —, SEN R F, PRI HE. X2 5
AR TFRIMBTZ R o T B R RN, ISR 2. )
A] LB A, AL R N B AR A

(1) 4

A DAEAR B R B ARG FIFITR ARG b, SRR R T VA AT IR &
43 BPIVERE B (K77 o R IEIRK B NIRIRIE SN T SR, Wi
B RAFIARSE, MR R 2

RSB B8 S T S 0 7o A 8 40 5700 ) 5 kR b AT etk o 5R & I BV I N 1 44
R I A SR, RN B AT 4R S 5 18R R b ol 3 45 21 24
B LR R
(2) {2y

— BRI, A S ) e B o 6 R v B — S8 5 Ry 2 R L BRI 1Y
BHREHE™ . IIAIGHIFJE, aad H (B 1a) A A e N 0 2 1 1 7 R BEAT A S 4
e, AR IR A LA SR 3R 2 8T AT LU R4k 23890

REAMH T ASNEW R, B RMEER, FF &SRR e
75 O LE Y B IR R R 0 SR UG (7 VSR I IN ) S, AR S ik
P 1 70.6%. BRI AT DLAISRIGH), LA BRI 1 Bk oo R A ) B
XU, REE B AR — 5 2R A R I -

AR F AL — P USRS AR, it S R R
AR, ARITER B G RS W R A7 75 1 PR N e B . &
RETE R 30%K, FHRHESEHRE T A$] 0.32 MPa. Turunen™ F =F#R ( AJi
=, REUUSIERD IREEm IR, IR 5C SO 5 b g
(3) NI 57

W HEAE 5 5 7 T T AT OO, N B2 L, BTRR A ) o AT DO s
Zhou " NARFE MR I PERE A, DABRIAF4E IRl SN A IR (1) He 46 0 2

13



F1F it

1.3.5 RN H

MRV AR AE N T TR A BRI T, AT LA FAE @SR, i8%, {1677 EL AL
TEEZAT T
(L &%

FEREAE 1T LIRS, RPN S, 0 R T DRI A R 2 SRk B =
A IR R ER R o 85 PRI 5 Rk 2 s 2 i A P P ORIEA R R T BRAS |
KB, Bl 2 M5 MK, BRSEIKIFIRIETT I bR E sk . BREIRIE
T RHARTERR L, PRIBTCRESE R 22 2 Wi, wr LA FIZE 55 R B L, il i
B K155 fE—Se A i, nTDAE S TARE R R G LA BTN, AR T b
REURAFE . MY EVRLIRIE AT LA 7R 0 2, RERERR IO REFHMART K o FEERE LA S Tl
J 7 TSR LARLF R R R — e
(2)  Rilizhn

P P8 V0 YR A8 T A T 1 T DUOR FEAR R IR F o YR TR A (K995 K P R PT LA
CRIP P G052 K GG IR R o LAk, —SEREAN T )RR AR Rt A b T s 3 o
I, BRI TS — SRR SRR, (R BR ADRL T SR, T DUk S il
fhid =, fEemigkneds. —#aH TEHNEEEE A MBEKRNSS.
(3 AT

AR IR PR A PERE R, SRRBON S, W, &G R A Ty
T, 502 B R IR I BT o AR B AR S DRI AT RE,  RlE b 5 & R AN 5
DRUTACRAN G, 1173 VLK T T DA 3B 38 A 55 AR L FH A 3 A DRl 7y T o [RII
AL S L CRUBAA LA E Y VLA ) 2, 7T LUK BE /b FA ik, SR
JRIATZ
(4) A

Py IS LA/ TR I 5 T 1k BB AR 22 H o 7E-196 °CATY A IR EF I R IR, 1R
TG L TV L ¥R KR S R P B I A IR KR R, By VR v]
LA RO BRI PR A2 K R B T L
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(5 {EIF

T 123 EE A e A By IR Y ok P AR SR N, R AEAE S PR 0, 1% 5 ORI A 2%
e 22 KN Tz A, AN By DRFF IR B, 1T BN IR IR U T DA R 3K i)
Al RERIARBIR AN F B, FEHIEAEYE, REEEAEim AL, AR IR FFEEAE 1Y)
JEAH
(6)  HAbJrH

PRI IR BR 1 NI AE a4, 3w DUR P SEL 0 S 4D el 5 128 R 1) B 7 4
Ble BRIbZAh, ByBEi iR A1 55 U A 45 BOR B 1 AE A

1.3.6 RE KB

(1 etk

2 ZENRIES 2 IRINSGE, KTBERKNE S L2 02 bise®. m
&L IREONE R, AR R N R B A A M A, R A 2 0E A
IS AR e B iR . X TR B FUEIAREERN [ IR FU AR P L, Rn]
HE T A 52 42 A8 B X D0 25 SR 34 B RV, DT S INORS A A Mt 28 1l R4 R 22 1
T OLA RSN SR A I BB . RAT IR REE HE— D St Mtk Ve RE, DRALECH
bb, AT MO R A
(2) itk

FET 77 1, 32 i iR 7 i % 77 TH] A 1 E St T AZE 7 4 v o 40 58 KR
P, QB R oy, AR dhia o s s A iy i st . Fe iR A e Ty
7] 22— T I
(3)  HfRiE

PRI GBI RIAE AT [ 50 I ORESRAR™ M, PRI iR R R R R L i 22—
B AR 1 i A R 4
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1.4 EEHKEHREX

ABRFEPESRAmI, dithSHmREE ©. KARTESE, EIER
SRR P AFAE S EAR m AR R By . BAmSE H ARG, HABREAIEAE,
T AT 2% 02 TP AR 1, R AR A I 35 ok B AR S R VR AR T R AT e )
FE M iz,

MARE W A R JERE, BN 2513, il s BRI S 2%, NIV A A o
Py REEARE R E o A 7 T A AR KT g, FERY R 7 T R A BUR M3 . (H2
o PS5 IR PR 04 — 5 (1475 % B 7% S M B 2Ry S AN T AR, BRI T Dod i —
SE M D7 VR B R AN R T SR AR . R BT E T R M e, B AEVE BT T
SR A — 58 AR o A5 38 AT LA — 35040 28 F SR A5 O IR o 5 )i 1) 1
BB i E AL 2 e M T THI PR BB AR A, RIS SO BB 52 J 1 85 2 A 1, 2B
ARz .

Py P28 Y00 A ) 1 22 2 4 1) o) AR It — 20 N 52 31 1 BELAG o il AR i R AR
RN SUER IR, AT RIBAFBNEARMRL, AT USRI TE A 5 T A3 B s, $2 e
WA, IR RRARRAR . MY RV R RN TE A, B4 AR = 2%
DA ) £ 75 ANEE AR D R, iSOt .

RSSO ARG LA JLJT T

L. 3 31 SR P A AN ) 1 e A7 2 A 2l Bh AR 7K 3 D 0 AC R 3R HEAT B A o
PR T A 3 B AR AR B b S5 A T S B S A K AR A 43 L AR B 3R 7 AR K 5
i o Xof A8 AR 1 5 PRI A B 3R AT RAE A3 BT -

2. RHKPGERI AR TR BAT M, SRR P AINBR AR SN, R TRk
JEE R A AR R AR AN 0 AR J5T 3R A AR s ) S

3. FERAEFZAM TEBMA NaxS205 FEMA TR S EER IE (H-SDLPF),
5 FAR R R LE 1 BE 7 T BEAT 3RAE EU A, R FT 1 Ao 3R 5k By I AR g F) o fof i 2
R

A PN [EN 7 VA SO O T W RS P AT RV 7, AR S0 R TS R o R 32
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LRI . o )X 45 3 A R R IR OR A REBEAT RAE 73
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2B KRR

21 55

SRR OO B, I AT AT F OGRS IR e — el
RZIRFWE ] AR, LA S EAEGMEY. BIRRE NP, L) g4k
SRIN AT RE 7 S A ARR IR T, 5 RPEE A 277 A SRR 9%

AR A5 52 2 Fh PR R IS, DRI AN FE SR B HE 50— A4 o BREUACR
RS REWIFAT S, SEAE NI, ARFEROAHRIFARIRE . Hib
T ORI, R OR PR M Y AT AR B O A R B bR, PIEAR R B %52
MNITIIRIE . ARBUR IS5 B TCA I AT — e AUE, AT U AC—EB 0 28y 1M
FEIRNLFEVETT T, ARBURIFAWZEENE IR, X2 BT AP miE A B 1
Grtit, AFIT AR S FE S ) 5 Ty AR I o DAL I XS Aot 38 AT A Bt A oK
IRBER EH ), AITARE — 870 AR B R G A AR -

TAPARBRAMRZ RN, W@ AE, 820 TIARBR MR AR
ZE 5o W I UL VAR AE A S R R, P K AT B 8 PR R B e, O F
T7F FC B R 28 AT X AR 3R 77 2R (KIS o PR AR B 5 92 2% R i, el T it R v
PR, ARKRESE B4R 7 OB IR), (BN T ZE ok, 12 E AN B
FLRRE il AT IR o 107K IR I SRR TR, (RO BAIR, B3 & LAk R

A

2.2 SR

2.2.1 JFEBLSE5)

AR ST RS R K 2.1
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Table 2.1 Raw materials and reagents used in the experiment.

95 A4 R Ftk ]

1 et Gy Hrat bty

2 ThIR o3t al et

3 At Gy Hrat Il 24 5 [4]

4 ENL) el et

5 R oI Hral et

6 IR Gy Hrat Il 24 5 [4]

7 BIARARIM ol GO SO B VR A A
8 IR Sy Hral Il 24 5 [4]

9 AR R vaiiEn 24 4]

10 ToIKBRIR A VA iEn 24 4]

11 AL Sy Hral I 245 4 [

12 BA BT R Tk 2k A B EREVR A 7]
13 SR R AU Gy iral Il 245 4 [

14 AT PR Grirat Il 244 ]

15 L) Gyl I 2454 [4]

16 BRIR LN Gy Hral Il 2454 [

17 fk L — I T B ek S A R AT BR 2 ]
18 R el et

19 Tolk A A — TR R A ET A LA PR A
20 X} FR TR Sy it Il 24 5[]

21 K Gy Hral S = 1

22 B sy el P4 Bz AL B A PR 7
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2.2.2 LIRS

AV ST 0 SR AR A8 IR 2.2,

Table 2.2 Instruments and equipment used in the experiment.

G DE AN UiRs R

1 LA X Tt A 101A-2ET IR AR A

2 HA T4 DZF-6051 FiE AR A IR A A
3 e PTHW TR A IR AT

4 TR IR K I 5 HH-S T T AR AT IR A T

5 A 7KL Je#H M 1810d PR BE IR KA R 45 PR A 7]
6 A B2 A gAY RAffinity-1s EENEY: YA

7 pH it PHS-3C R RS A IR A 7]

8 BT 5 REAT RHA SR AL AG-120KN H A Shimadzu 2 7]

9 BT R FA1104D4N IR R AT PR 2 7]
10 L RY-20 RYNRRHE B PR A 7
11 A AT AR STA499F3 1% [ Netzsch /A 7]

12 T R SU-8020 HZA HITACHI A 7]

13 6T 723PC b RAER A R AT
14 TR AR AX TANK ECO B VA AR PR A 7]

15 e, e M S 5 SLM 1000 JEEt e AR B SEIAL A A PR A W
16 A € Joi i B FH A Agilent 1290 1 [ A 5 v ]

17 SR HON E AL HC-2C B RL T T AX A5 BR A ]
18 [ % S A3 M 52 AR FYDR-200 AR TR T IR A IR A A
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2.3 KRR KPR

(1) TH g

TR T AR AE AT AR A 2 T BEAT SOE, SRR BRI, A Ta) A& T
K, PISLIGLERIIAG, R RIEEAHIZE 40 °«CUL FE RS R . 152 1RE
VB AT DL LR SRR Tl e 5 B DL S 5 i
(2)  KPGE

DA R 0 TR R (L) Jysciind #E e i okl 48— i LL B in N &L
EACEN, 13BN FIBRIR LI KVE W . R IRCE T RN, TN T, Bl 50
r/min, $% ML T BE b IR DA BN AR (B #EAT SR e S IR R 2 5, FE IR
32 35 FA) A S GE V4 K HEAT VA A, B 9 B AR 2 i IR S 3R A

FEAS B A 2R B R I NBRIR VA1 pH 22 K8 0 (R [ AT HY o Sihg e
[, THEARH 80 °CTF T, AIFBAH BB 3 745 BT 5 DR AR AR BT 3R
(DL) AR BGEFEME G AR Z B R (H-DL), FFIRAE

2.4 FEAEARR R HIRAL

2.4.1 ByEEYIE

Moy F JEE 1 5 2 2 /0 T DL IS FH AR AR SR FC V2R o SR AT LA e
JETHE, AR 723PC, BB .
(1) e HE 2k
FRO.1 g Ay E TAEM (500 mL) 7K ER . FHBBACHEEAR 10mL,
BRAEM (100mL). FAKIGE EFPUATE 50 mL A &E)f. I FC £ 3mL K
J R B HUN 20% I BRBRANTETRZ 10 mL, ERJGHBERM . KB 50 °CF
I NG B TR, e 760 nm, S EIOGEE (Table 2.3), AFEEE

2EbrEZE (Figure 2.1).
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Table 2.3 The quality of phenol and the absorbance of the solution.

2Ry 5 /(% 10° ) 0 4 8 16 32 40 56
WG A 0 0.059 0.102 0.186 0.357 0.437 0.599

0.6 4

0571 y=0.0106x+0.0129

R?=0.999
0.4 1

BILEA

0.2

0.1

0.0 T T T T T T
0 10 20 30 40 50 60

EERE (10°g)

Figure 2.1 Curve of phenol quality and absorbance.
HHE 2.1 ATE0, BEAARAR B R AL X R, EEHA, Tk
4 y=0.0106x+0.0129 (R>=0.999).
(2)  EFEENEmZRESE
BB EI 0.5 mL FEAE 5 KRG BT 100 mL AEMESR, HIRHEH
1) 1 mL I A S0mL A&, AR, & 8 — B a5 BN RIS
W, SfEbREdh 2 —FE P BRERAE TR T K I, RFCBOCRE 2 J B

Eyfedt & .

242 NEEESE

05 A Jo B T R B, A A DO BV R S A A [ T R AR B R VA B
RIOGEE, R VBRI 2R o
(D fhekmE
CLH SR AR EY) (RS E037%), W N 10 mg/L. B 0.5 mL 1 ZEEA
M N A& VK E 25 28 100 mL 753 LB ERVA TR . FRELCRRER, =ELE CRRE L
BIRIVK B2, INIKBC BRI F8 BUA [ AR 1 F AR R VR B T e e o,
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TN 2Bk PR B VR AR A 28 R 2.5 mL, J 5 B R 2 25 mL . 7K 0.5 h, I 5 70 °C
AEEMEWOCEE, Fdain Table 2.4, K& EN 410 nm. Figure 2.2 N5 EIf)
IS

Table 2.4 The concentration of formaldehyde and the absorbance of the solution.

R 5/ (mg/L) 0 0.2 0.4 1.2 2.0 2.8 3.6

EAE A 0 0.059 0.107 0.320 0.510 0.721 0.928

1.0 H

0.8 4
y=0.256x+0.0048
R?=0.9998

0.2

0.0 T T T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0

FEIRBE (mg/L)

Figure 2.2 Curve of formaldehyde quality and absorbance.

HiF 2.2 WA, MY B R AFAE LRI R R I, S E TR, gk
N y=0.256x+0.0048 (R?>=0.9998).
(2) W mEHE

FERFIRESAREL S mL FHK OB B Z I TR AN Z8 P 2.5 mL I,
REEEE - Bh, FHROEFREHEE 25mL. KBINHE, WRLE, #HE
B JE 5

2.4.3 HEMLIME

ZLA0 73 BT AR A dt 2254 T R 11 AR AS [R) 1T 3 B0 AN [ 3 B PR £ i S n
DA b EAT I, AR LA AR TR FRDR IS I A2 s ) B o 1 A L 2 R S5 I
FEARSEI TR IR Affinity-1s ZUZLAMDEIEAC CHAS By AR RBEATIGL. X R
d BEAT S B AT, ARO[ o & R A VR A B AR i3 (DL AR IR B g I 1)
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KJFEZE (H-DL), FEAE—E THA T8, UBREEE R . GiEis
% B A 500-4000 cm™ &

2.4.4 FOPRBAEEEREBH (LC-HRMS) WUl

Xt b Ao 2 AR 2 (AR o R AT WS B 0 A, XA 50y
Agilent 1290 (EEFEATE ST AT Do FEFERIEARAEAR T, 155 ) LIR TR VRS L A e 1
S REISIEWE 1 mL VA TR o A0

245 KFEERE (TG) e

N TIRERFER AT EM, SARTRIATHREST. KA STA499F3 5
FIFEE A 8 ([ Netzsch A F])D BTN . R4 F LA FHE 10 °C

33 N3] 800 °C.
2.4.6 B3P HES (SEM) JliE

NN R BRI S RIS, R SU-8020 M5 ffafids (HA
HITACHI A &) XA =TS 4347

2.5 RRRIEMHTIT

2.5.1 AEARBRRBREBENHREL

FETYCBTH AR I S5 A R IR FUASE 200 My 1) B AT AR A 0 W #2515 B AR 1
S o BRI 0.3 mol/L () NaOH ¥, & 170 °CIINFVIREE, I 18] 15 min,
400 W T T 2 o AR FAA RV AR TS, R BTR R Iy 5L & = 1AL .
BE— RIIBEE, BARRIKICHN 20%, 40%, 60%, 80%, 100%. IRFLELEFIT

(Table 2.5). BARRBNEYZFEEG RLMAU T (Figure 2.3).
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Table 2.5 Effect of lignin solid content on phenol content.

RFERBAE W IR S & KRR & My & &
/% /4 /(107 g) [(x107 g) 1%
20 0.058 4.255 20.62 21.97
40 0.065 4915 20.93 23.48
60 0.063 4.726 21.11 22.39
80 0.060 4.443 20.25 21.94
100 0.061 4.538 20.98 21.63

23.5

23.0 H

BEE (%)

22.0 H

21.5 4

T
20 40 60 80 100

ARRERE (%)

Figure 2.3 Influence of lignin solid content on phenol content.
MIEN 2.3 Ak 2.5 A m] DLHED Fil o5 T A i AT i e it 2 B SR I S s
Ja FREfEa . K 2.3 BiEIR, 15 40%0 ik B R, BERIE S RN 23.48%.
JEBEE BACR A AR EE RN, ByFadt & Rmiral T i, DIt 40% i B AR . 1T
REZ T AP R S RIS AR R N SRR, BRI 7 Bk i & &,

252 NAEFBEXG TRENBZEESEREMW

(1D W& HT

DLIELBE AR SR T MG By R S Ak, R SR AN AT 0% . RIS
N 40%1 B AREE, 0.2 mol/L FIBIKFE, 7E 400 W ) INFAT) 2 T RFSE & BE 15 min.
RIAEA IR E N R A&, 4R R (Table 2.6).
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Table 2.6 Influence of digestion temperature on phenolic hydroxyl group.

MRSl [lgtg s TR Ty B VNS [Lipe ey
/°C 1% [(x107 g) /(<107 g) 1%
0 0.0128 - - 8.19

150 0.0274 4.349 21.51 20.21
160 0.0261 4915 21.96 22.38
170 0.0256 5.009 21.31 23.51
180 0.0251 4.538 19.92 22.78
190 0.0246 4.632 20.52 22.57

28

26

24

/ \.\I

BEE (%)

20 "

18

16 I I I I I
150 160 170 180 190

HRFEE o)

Figure 2.4 Influence of temperature on phenol content.

MK 2.4 FiZk 2.6 AT LLHITH, ARFRESHBERE, Rk Eil—
AN EHE/NMERE R RS RR . MIREIAE] 170 °CHE, S i F2 5E & Sk TH
23.51%. X TR EERFFEEIIN, MRS RIRRA P E . HiRERE, =
R BT BRI R 2 . DR, YH AR SRR E S 170 °C.

(2) KT

RFUAR T RAE R H B ISy 72 2 O BB AL, DU AR & 7R
B, B EEBE N 0.2 mol/L, ZEANFIREE I 1.5 he ¥4 A0 5 LR VA
B RRE S 5. FARFITE T K Table 2.7 1.

gl

26



%2 F RRE TR

Table2.7 Influence of temperature on phenolic hydroxyl group.

Boe I P i3 NN Ty &
/°C 1% /g 1%
0 0.0128 0.0402 8.19
150 0.0271 0.0405 20.07
200 0.0266 0.0402 22.19
250 0.0243 0.0407 23.61
270 0.0240 0.0410 23.84
2
20 .

—
e

BEE (%)

N
o
1

18 1 1 1 1 1 1 1
140 160 180 200 220 240 260 280 300

RIS (°C)

Figure 2.5 Influence of temperature on phenol content.
M 2.5 FIe 2.7 Aaf DAAIIT Y, ARBTRGKMEM S, MRt s SRk R
Pl—A LTS RR . SRR E] 250 °CH, I EYRIES BN 23.61%. X TR
JERIRFEEII N, Eyfee & a2, ERREEEIFAR. HinEdE, o
TREIR R . Rk, BRI EBARE A 250 °C. TERAERAE T, i KA R
AR BN R T By R A B R B LU PR A TR BB R e S Al . H 510
BOBMERI AL, AKIEBEREE R, AR, S Tk A, Hik)E42:
BT 58K FH ZK PRAZ0 A o1 22 04T B A

2.5.3 RFIREARSAF T RS 8] X By 2 & B

(1) BEMAET
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2% KRFEMNER

DAR [E) 9728 SR FUIH M S By R i & Ak, AR R AN U . R I 40%
FIEARE, OB 0.2 mol/L HIBBIAREE, 170 °CHITRIE, 400 W KNI,
WAL A IO N BEAT SOBL, R FEAEAN RN (8] T M etk 5 & . S5 R WTT &

(Table 2.8).

Table 2.8 Influence of time on phenolic hydroxyl group.

TH AR i3 IR S Y & Y NGNS Ty &
/°C 1% /(107 g) /(<107 g) 1%
10 0.0261 4.632 22.18 20.88
15 0.0256 4.538 19.41 23.38
20 0.0251 4.821 2091 23.05
25 0.0252 4915 21.52 22.84
30 0.0248 4.160 19.04 21.85
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Figure 2.6 Influence of temperature on phenol content.

MBS 2.6 FiZ 2.8 FHRTLLAII i, ARBUREMBGH G, Bt s EEil—
NS EFHE TR R A AR R 15 min B, I 32 0L 2 Bk T AN 23.38%.
XTI R RREE K, Byt & B IRca Dt ENA A, EkeE
Prifs e tbis = . K, WA RER KDY 15 min.,

(2) KIS
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%2 F RRE TR

TR FEA R B AE SN 58 [ A S Iy P 3 & 2 (1 AR Ak, DARR MR [A] 28 & . FESK
ek, BRI E Y E N 0.2 mol/L, 1E 250 °C FINMANE K o ¥ 20 g B 1A Tt
My S8, BRI FIE % Table 2.9 .

Table 2.9 Influence of time on phenol content.

2 it i ] L3 UNDENS Myfe st i
/h 1% /g /%
1.0 0.0274 0.0403 19.78
1.5 0.0246 0.0412 23.60
2.0 0.0241 0.0402 2342
25 0.0243 0.0397 22.89

28
26
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g
1 22 -
4o
&
20 +
18
16 T T T T
1.0 15 2.0 25
FEARETE) (D)

Figure 2.7 Influence of time on phenol content.
M 2.7 FiZk 2.9 e LRI, REREEWE, MRESEE0 1%
TR R R . SRR Y 1.5 h i, BRI EY R A AT A 23.60%. Xt
T[] RS, By PR B i U E— 2D R v o AT TR, BT R RIS R 2 .
PRI, BRI RO 1.5 he

2.5.4 AEFEMEEMT NaOH IRENBZESERN

(D R
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%2 F RRE TR

DU K B AR SR O MR G 2 3 & Bk, HAEMHANE . KREERY)
N A0% B Z, NIRRT 170°C, 400 W [IINFRIH R, nHkista] 15
min. KIRAEAS [F IR B T AT OB, RT3 & 848 . 25 U~ 3R (Table
2.10)

Table 2.10 Influence of digestion NaOH concentration on phenol content.

NaOH & i3 IR S Y & Y NGNS Ty &
/(mol/L) 1% /x107 g /x107 g 1%
0.05 0.0309 3.689 20.89 17.65
0.10 0.0281 3.877 19.01 20.39
0.20 0.0254 4.726 20.41 23.16
0.30 0.0242 5.104 22.92 22.27
0.40 0.0196 5.198 22.41 22.20

28
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20 /

18

16 1 1 1 1 1 1 1 1
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BEE (%)

Figure 2.8 Influence of NaOH concentration on phenol content.

MIE 2.8 AN 2.10 Fral DAY, ARBUREMBOE g, B
ANELETHE TR, HIIWKEN 0.2 mol/L Y, B2
23.16%. FEETGREERITE R, MRS BIFRcA st — i . Bk, MK

R

BB

BRI

WE N 0.2 mol/L.

(2)  KIAGFMT
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%2 F RRE TR

AR TR AE N 22 P [R5y L & m A4k, AR A & . RS
W, R RE N 250 °C, BhNEA 1.5 he B ENEEUHE BRI R3S 2. AR
WA LE N Table 2.11 .

Table 2.11 Influence of digestion NaOH concentration on phenol content.

NaOH &% EEE RIARTE i EEE S
/(mol/L) % /g 1%
0.05 0.0262 0.0397 19.58
0.10 0.0256 0.0395 21.96
0.20 0.0246 0.0402 23.62
0.30 0.0240 0.0403 22.83
0.40 0.0242 0.0415 22.79
28
26
24 .
g ] / \l m
i 22 - ||
DUl
5
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Figure 2.9 Influence of NaOH concentration on phenol content.
M Figure 2.9 AT LAHITiE, RFERAEME, Btk sE 20 —4% BT
JE TRERERE . 28K Y 0.2 mol/L I, BN M Rt & BHIATH AT 23.62%. X T
WP WIRE N, Byfe & P BcAT i — D 3R o DA, P 1 B (BRI 208 0.2 mol/LL
SERRMW, DAL, JMANRFIA], hn A B S A AT S M e R ) R BB ok
T, AR NIRE 170°C, WA 15 min, H0KE 0.2 mol/L. KT, &
HSRAT IR EE 250 °C, ISTA] 1.5 h, BRIKIE 0.2 mol/L. IJFERAELCAFIS, K#ATT
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%2 F RRE TR

R LA N A Ja B U A By R 2R 1 R 0.46%.

2.6 FEAEARBRRERILDHT

2.6.1 (TR AT

ARJF R PR 5 A TCER 20 M i Table 2.12.

Table 2.12 Elemental analysis of lignin.

TCR (%)
N e C H N 0
JRIAAR TR 42.09 5.71 0.53 51.67
(B¥:3E) ¥ NG 45.00 491 0.52 49.57
IKIPEARA TR 43.72 4.17 0.60 51.51

M 212 AT R, =FORBER I CRH A —E %R . RTEITR, £
ARFRTGEE S, RS EGARERP BRI RT R RIAARR
P B S B A R IR R S B BAOKRE, TR B A 25 AR R
Ko

2.6.2 AN

JUR AR LA B 2,100 78 3400 em™ 4k i $2 56 HOAR 45 PR 3 1 H
PE . 2935 om! KLU IH R T I AURE B C-H BN AEIRS) . PEMRS AR &=
e 548 FEE YR 9S , 3K 5 Ao A v R AU (R B V8 G O o R IR IR AE 1605 em™! Ak,
S5EGRENA K JURART R AEBLAL R A BOR 2 5, R W05 B AL il i 2
HOR T BIHBORBA « 1400 em AbH BRI & T 07 & B0IRED, SR heH 284
Ko 1257 em™ AbJE TR TR FEAZAE T HH IR AT RSO0 o A A PO AS I 2K ) U B
B, UMIERAE S R w, AR TR RN A .
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Figure 2.10 FTIR spectra of L, DL, H-DL.

2.6.3 EXBREAH (LC-HRMS) g

T BB MR R A I 25 SR BRI RN a7 2 Ak B A 380 P K R 3
IR 2 TR 225, WHREMEAT 7 LC-HRMS M, 45540 Figure 2.11, HR#EH
R DA, SRR ZRAR L, 7K BB A LA B MO A I 1R AR T3 2R (R AR R 43 o
RS T R AR B AR 43 0, 0 B 7E B o P2 PR S5 3R 40 18] 1 B Al
W, SEG TR, dBEIRTE, AbFE A R 2 K o R AR 43
KT 2071, FEMRIGEIARITRILRIN > TR RKZAE 207.1 LU ATLAHWTH, £
T 73 2 Ak B I B AR 5 3 A A A 7 o S

eeeeeee
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Figure 2.11 (a) LC-HRMS spectra of L, (b) LC-HRMS spectra of DL and (c) LC-
HRMS spectra of H-DL.

2.6.4 HEHHT

AR 2 AT 5 B AN B Figure 2.12. MR 3R BT 06 80/0 (16
% 210°C, KARIFE R E T i TR DUS — 28Ny 7RI AR M AETE, K
73 B AR5 22 8] 2 B AT R AR HEAT B 70 f ARTRLEE — FIRAE 250 °CZZ T 210-520 °C
DX H], ARBTRIAEM TORES T A AW, TR RN S CO S UANRH . 18
500 °CZ R, B ff J5 (RIAC 53 2% (A e MR LU A 36 1y o 7E B fE I B, EL %2 800 °C
B (1% 7 2R AR AC o 30 R S — D BRI, [ A R A PR I3 A A
800 °C Itf, L Al DL LAz H-DL HJ5R 8 & 7375 40.02%, 40.78%A1 40.63%.
b, BRI ALE—ERE S L RERE 2 m AR i R I A E L
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Figure 2.12 TG curves of L, DL and H-DL.

2.6.5 SEM 47

B 2.13 73BN R AR ER Ca) KAV M (1 75 9545 2 Bl AR5 3R (b))
CAROR B BB ARTTR (o) MFHMAEBEGR. RIS DRI A R 4
22 NERIE, BEANEA — SSBO RN, K2 2B AN S . g
FOTIEBEAT B Ja AT LURBIL, BRI SSHI R, B Ja (U5 R Sl A B o 3 i
YL R PSR E R4 o NI S e 31 1F 28 NP SO IVAT i e

&
Byt L
4 a0 *,
—_— Y Ly \ S

Figure 2.13 SEM images of L (a), DL (b) and H-DL (c).

2.6.6 TRAEALFEMEA R R HLE

I 2.14 1, FATIFHEAR B RAARBGEAE T, A AT AL
Ja KA R LA, B LARRA R LR EARRRET, T
a-O-4 TR A, AL EAERR T 5O T B o-B )57~ 2 1] B-O-4 BEFNEE B,
fr BAE AR T 5T 08E B-ar el 7 2 18] IR AR AR T, B-
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Figure 2.14 Depolymerization mechanism of lignin and synthetic process of resin.

2.1 RE/NG

TEARTE, 43 BRI B ROASIH] (¥ B A7 5 (Rl BRI K R0 AR s el AT
WHFT. TR 7R B ZR BARRRA R0 M e 2 B B A UM o MBI, OB A Rl
JERNEAT SONE B IS5 D7 TR 73 AR FEX R LR HUBEHE,  JERE PR 7 VA AT XS E .
BEAh,  Xof B AR AT e B AR5 R B AT 2 R R AL .

- TR RR AL PP T iR 0 By Fa e & w7 AR AR R RIS, 1T (i i iy
R AR, AR TS 8RN A O IR  CERIB SR, BRI 0.2 mol/L
IS, 78 170 °CH S S B2 R HEAT 15 min (1998 il 2315 21 55 e PR F2 8 15 & 23.16%.
FEKPGRAETS, BRIy 0.2 mol/L I, 7E 250 °CH S Ml B T #EAT 1.5h i X
WK G 215 B i I R R S i 23.64%. e I S 45 I, S e e B
BEMRARLL, RAKBGERBIATT R iR & s 0 e

2. R BEMERTIE IR BUR AT LLAMINR, A BUREAR AT B A ORZE
i 1257 em™ &b HELARISOIG 5 2 54 06 . BEARS (AR R 2R IR SE A 2, I
FRAREER, EHF T MRS K.

3. WA FR BT UTIH 20 AT R B, B AT A B 3R R R B 1 4y B K 2
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