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Abstract

The chemical reaction activity of lignin is mainly related to the content of phenolic hydroxyl group,
alcoholic hydroxyl group and phenolic hydroxyl group ortho, and para-active hydrogen. The use of
renewable wood non-toxic in substitute for phenol adhesive preparation can reduce the use of
fossil fuels, and realize the purpose of changing the resource waste to treasure. In this paper, the
research progress of lignin phenolic resin was introduced, and the latest results of lignin phenolic
resin were reviewed. The problems existing in the formaldehyde resin and the development di-

rection of Lignin Application in adhesive field were prospected.
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Figure 1. The classification diagram of phenol-formaldehyde resin

E 1 EREERAE 5 K E

3.2. EREERAERORRSRIERR

1) T GG A o A i [19]-[24]

Ty BRI B 2 B T SRR R e . BT T AR RO 135 5 43 BE By TR I (R e S AE v, BH
B W i AR s, TR AT B E 2% I ) SR [ R AL LB W BRI R R . 2R
ZE[25] RIS T SRR IR LR OB, W FL 4t AR IHTE MBS il & T2, S THESIIINERN 2%
BF, 6 A 2 B = T AR T PR e o R R

2) TN IR R T I A P N

P AR g SRAIRT R R T RIS 5 B RIS, EE ARG RABEEME, BAR&sHaE
PERBIIE ORI, DU 1) SR B B 4 A S I N B rh, A L AL 53R
BN — D1, W= AR M R AR B [26]

3) SR i J AT A A0 e P 1 v i

A e (PO TLA 5 P A ) 1 A SR A BT Lt e AL s, FIR IR AR 350G FL S Mg s St ik, DU AT
ZF W 2% R R 8 S5 K DT Ty F RS I R WL 58 8E 1) 95 B9 = [27] [28]0 T vt I 225 1) R Iy R i 5 SR Tk Joe 225 4
e i 2 ) e o SRR 3t M T RS I R SRR R RO ARV [29] . AE — B IR N, R IE B AL 3 R Bk, T
R IR, A8 5 R G A0 58 A0 3 [ R 2B Ak SR, AT 3175 40 (A e B 0

4) T (HT) 7ok 5 Py s A

AR (AT 9ol 50 Ty AR R 1) 2% 20 PR A S LB B SBT3 — P BORTERRME 500 T, A A i 5 () 2K iy
RAWF R, RISEEHJEHENEE BB, Bk 21 T 28 — B B = 5 W AR OB, A A (AT il e
PERYRER G . #7370 55 [30]F 7045 F 2R WA (A ) vih 5038 1 P RS IR (R0 B0, () Il o 5 s 7 T PO b

5) AH eSC P R e A g [31]

TEMARET, Ry, W, AR FZEER,  SONARE Be—FhoR BY (it o b A, EEE 1y P AR
BTl R e, (A I RS IS PR i AR BR ORI . UM R A & Sk B 129%0, 3 21 [F 14
T IR I A0 2 ARl P8 vl 522°C o FLTR AR AR EUAL. My I 45 L e 2R T B I . 2 3 i

&



—
B

B
Pl

6) I e P e AR i

T4, R 72 BL B-O Fes A AE (SRR =, 773.3 KI/mol), XK 1 B Mg 1 ot s 265 v D T
Pk, RITE SR 261 AR AR AE L s A, BT USRS 2 900°C R, WG AR I ke Bk R 0k
F) 70% [32]. [FEF, BRIy AG - 51\ B-O Basi &5 MIAATE , A3 2013 58 T B RS I8 LA R LR 14 e
T 32 B o i 2 5 T2 AR R 7 T (n =% [R] R AT 2R 3 348 [33]

7) AU B A i

T AR A IS TR IR K B8 7, SREBUE WUE 5 52 B R By 32 06 R A 807 Sk Se o, A LRE
SOV Y B JIE 2GR AT E 200°C ~260°C il B R KIS 18] A, 32 R Tt il b4 Rt g T (oK & S i
BRI [34] [35]

8) KT Rk V. e 4o A vy e

R i PTTEAR I 26 Y [k S B B AN SRR 2 T AW A bERe iR . PRI BE
B J1EERE RAF[36]. ALy SR % 3 Ed i S M i AR i P2 5 L TR SR A I s B [37], ek
PERS i B30 iR, P SB35 e v, AT AR 0 OB 5 1 = R i vl M R

9) FU e S Mo 1

FU 6 S Py B A I (P = P S ) SR S R A = — 2 P = o 58 e A A o 7 I 7 — S e 7
R R, AR EZR sy, EF T 0°CRERMT, HE S PREBKENERN . 21 g5 3.
WHAIECE T Z 5, 8 NP RS (0 RIS o 7 75 2 (1 SR TG 1 1 0 i 1) S AL R s ME A Ty
B R TR o 3 5 R AR 1 3 B L BT AR R = R IR AR T Iy R i R 0, T S e 4
¥, FIB A 0 P STk B A AE T [ A8 T 2 KT — R BR RLIR G d v, RIEAE 400°C L =i 261 1
FE=ANT7 ) FAR R AT A7 AE[38] o AN 58 T 1% [ A ARt IR B R A7 A M B B2 [39] o

10) 75 ek PR A R [40] [41]

Iy 55 PP s I A Iy TR R R R B, B BRI BN T e SR N R R ], T AR R
FREEEN, G FTIE SR . B R R AR e R R A T AT, R AR R A
PERNR b, IR B AN LE SR T A B S o B R RF 2, bR IR BRI T K e AR
EEC

11) e da i I I A Ty P AR AT

MY BSCE F EEAR AR (R BELR P, 7 1 R A5 et P e 5 N e A T Sk it v oy A A s PEL A 28R
HH T e 2 s 2 T ik A1 ] A 28 U DRIkt e B R T 5 P Py 2 A O LR LB S B SR A LR, BT
BRBERT 22 R BB R BT S5 0 7= 2, SRR G AERKIERAL, B7 1k A 58 2 a4k, AT FE
WAL ) KB LR [42] -

12) K PERYRER TG CRIFRERE R IR . IR R A B IR) [43]

R AR R SRR KB R AR A ) AN 54k S Ve NG SR RE, A R FEE R 2 ik
EWh Ak, BEETEMEAATIBOIN AT, 1240 G4 b (A48 T 20 8 3 37 3R 2 R A R IR 45
1, LG AL S5 T RS IR S B XRS5 A AR AL o 22k T XY I =W 4 e/ . IR IR THERP[44] A
TRERIGERIFIRIN, il ARV R AN PR R R, RN T mvERe S s 4 e 5 G Mk

13) & TR R NE[45]

fe o3 R PR 2 By A I o R TE R B /K T VR A A TR TR, T 40 FE Ty Bk Ty 5 R 7 SRR
AR AT T R AR BRI 451 G S S AT ) 2% o I, — Tl R WA I v 20 2 I B A RLE
HATE TR, oAb 7 F 2R AA c EIRER S, 2908 340°C, i ol o B8 RN 25ty o BE e s, 49

©



Q)
B
Bl

Wik F] 11 kI/m? F1 31.9 MPa.
4. RKREHBENEMRERS X REE

FIRRIRED TP ERNBEE BB T R . ERAEENEET, RREWTL
Wy R A A N s TERBRATAE IR R, AR 3 SOnT LUR S R A 46 6 O o TR, Ty WS ZE R 26 1R
ARG RE T, ARB R T AR KBy S SR AR A, IXORAUAT DB B A AR (R R, SR T DA
A P TR g A AR K KUk /D [46] [47] 6

N T R AT R RS R TR X AR R AT A, B AT I S AL
Wik FAIEAL . 0 FF 30 DL R Sk S N S5 [48] o AR R iSRG, A RT3 w8 A B R A By i o 4
PR, MR 54 s AR 5 P IS I £ 2 i

1) KPR R

TG A B R AR R R IR £h, 2 IR AR P i AR v R R R A P AR (R 2 i, S — R M o T
EH, RSEVEREAR . T B IR ER M A RO R AR £h S R AT A et . T DA Rk
IR 5 T R A R SR i, BRI R Iy &, AT AT DA SR I (B MR ) 6 T AL R,
FA & b g S), 2R eSO R AR R R R Ak T AR B 3R g, SB35 ORI L E fA[49]

2) BAREK

B RAKER, ok B TAAGmEHIE “BR” , HEddEnTE, RAWE% T8 2
. AR EEHREREP LS R SR, AES T LRSS MR, Xt
PR AT, A B TR B &, 8 P IO Rt Btk B A 1 2%,

PR A A 8 R A B 3R 23R s IR I 5 NS PRI i BB A, AT Se Bl it 189 e P O iy BB
I AR A R 3R L

it PR A S P R A R 3R 2R [ ARSI, ORI Iy 56 B B I RO 22 5 7 S A A
FHBEAR BT RSB S AR iR A 220°C~240°C 4 4F R B 0.5 h, SRJEAH, #ATRRAHEE, MR A
By BAR B P AL AR R 2, IS BN 5%, BRI, i FF AL B AR R = AT VE A I AR
R A il i B 20 i PR B R 7RI [50] o A 3 I8 FH AR S R A — i PR B AR RO o 3 IR B T B B, 1%
TV B mA . T P P G

oy A, SO A e T RNV A S 2 A B TR TR 2 AF R AT RO o A I 3R I A S A 00 388 I AR J5ft 3%
EMEEREEE, BT S EE T PR A8 . Sudan [51ERIE S TG “ B LT S5O S5 o 4%
LPF WifE, JLHE&RIGFEER, PP KM AR R IR Y 60%. X T [S2/EMMEAIE T, HHEE
BRA S 2 AT I A SO S ) 4% B LPF RS FICA AR | 28HR), 2Rl AC it BR324 70%.

3) TYIBIRA T R

T AP A TR 208 5 2 AR FE R I £ B d A o e 2R (R R R TR, AR I B 1R B AR T
TR B A AR, R ACT 3 LA 2 0m M R B s (R BR Ok o R RN R SR [53] LARE AT & I 1l 4
LW B A TN ERE, WP HHTEEMAR R R, 2R ms, Ao IR, @i s T
SHII A . TR R LTI, FURATR R BARm R,  HATd s S8l Tk bR .

4) AR A &

o A R AR JoT 2 B 8 P v A A MU A R AR I, AEMEAGTRVE R A B A 420 i ek e
BUARR 2R, INNIE 24 LA ) /KA A5 V8 MR e T b B P R SR R DU i, mib A AR R R R 4l 1k
SRR AT . WNTERA BRI R A P RE R I S A R R, BT IR AT LA e R T R
SR, TR KA T KMy A S B, A IR T AR SRR

O,



4o

%N

it

st
=)

5. R BE BORG h FAE AV Bl

R 5 2 P e Y O 368 8 SR ) AR SR X B e A gt AT R Mkt e T DO ER B B 5 5 1 o ik
BeauksE 1 HAEW iGN e R, A7 A DL JUJ7 T 3 2 ) .

1) EFAERZE AL R, AR AR R e S B AT s Bs A T 58 e, R 2 R AR
BRI A E RN, B T RBUR IR 74581, BT T8, Haomass, moramcEn
2ok, B—1k%E;

2) b, IR BTER W 5 R AR AR, 38 AL AR B3 F R B, R R B
%, BEIEFETAWAB RS RBE L, o T8 ha RERE T FREH T, PERINEAAR
FLEGH B TT;

3) WA SR AE RIS RE A AL T AR OV AR R MLSE, SRR R T ESRZIETEE RER] Rl
RO Z BORTER B RER], PR MV AR BT 3 B T A B AL A

4) BLAh, LRYEIEURINSE . SRARI 8] UL R AF TR A AN AL, A4S oA 5 3K & A AL ERAS R A A

6. RE

LR LRIk, AHLERNER I BT R BRGSO, KRR RECR R A KRR 7L
TETE AR FNERBUR I3 BAT TCT5 4% HTRESFRF R, JB Tl AL T2, HE G RIEA AR X 5],
NI AT SR O R o SRS TR A R K> & BRSPS ml, RS B R i IR i
TR, Rl B R MR, BO0 T & UK T A R . BRI, e S A A LI 7
TR B ) 2 7 A A R AT R 2 e

ELmAB
Mk 2y 25 AT\ ARHIF 15(201304601) ;. 754 200 H 3 6135 3 415 H (DL12BA37).

SE#k (References)

[1]1 A-J5%F. AMERFNLES TZ2IM] dbat P E ML Rk, 1992: 272-316.
[2]1 XUdNEs, By, TRAERA. TR AEAM ok A R FT Fudt e [J]. A4k T, 2007, 24(2): 190-193.
[B8] FFRE, g, TF, % KEBRILRARAEF LR AL SR, 1994, 94(3): 1-5

[4] Li, K.C. and Geng, X.L. (2004) Investigation of Formaldehyde-Free Wood Adhesives from Kraft Lignin and a Polya-
minoamide-Epichlorohydrin Resin. Journal of Adhesion Science and Technology, 18, 427-439.
http://dx.doi.org/10.1163/156856104323016333

[5] Raskin, M., loffe, L.O., Pukis, A.Z., et al. (2001) Composition Board Binding Material. US: 6291 558B1.
[6] x4z, JokE, #kE, 5 FEREREREECTARR IR Zm 7). K&l Lk, 2001,16(1):13-15

[71 Zhang, Q.-H., Zhao, G.-J., Yu, L.-L. and Jie, S.-J. (2007) Preparation of Liquefied Wood-Based Resins and Their Ap-
plication in Molding Material. Forestry Studies in China, 9, 51-56. http://dx.doi.org/10.1007/s11632-007-0009-z

[8] Yamazaki, J., Minami, E. and Saka, S. (2006) Liquefaction of Beech Wood in Various Supercritical Alcohols. Journal
of Wood Science, 52, 527-532.

[9] Yilgin, M. and Pehlvan, D. (2004) Poplar Wood-Water Slurry Liquefaction in the Presence of Formic Acid Catalyst.
Energy Conversion and Management, 45, 2687-2696. http://dx.doi.org/10.1016/j.enconman.2003.12.010

[10] Kurimotoa, Y., Koizumia, A., Doi, S., et al. (2001) Wood Species Effects on the Characteristics of Liquefied Wood
and the Properties of Polyurethane Films Prepared from the Liquefied Wood. Biomass and Bioenergy, 21, 381-390.
http://dx.doi.org/10.1016/S0961-9534(01)00041-1

[11] Lin, L.Z., Mariko, Y., et al. (1994) Liquefaction of Wood in the Presence of Phenol Using Phosphoric Acid as a Cata-
lyst and the Flow Properties of the Liquefied Wood. Journal of Applied Polymer Science, 52, 1629-1636.

http://dx.doi.org/10.1002/app.1994.070521111



http://dx.doi.org/10.1163/156856104323016333
http://dx.doi.org/10.1007/s11632-007-0009-z
http://dx.doi.org/10.1016/j.enconman.2003.12.010
http://dx.doi.org/10.1016/S0961-9534(01)00041-1
http://dx.doi.org/10.1002/app.1994.070521111

=
B
48

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]
[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]
(38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]
[47]

(48]

WRAE R, BERGF B Fe R 3 = IRy R g RO RG 7. A6 Tk fg, 1992(1): 51-55.

R, WSETE, XUHTAe, SFE. FRREGMEER ARG SR, 1L kR, 1998, 17(2): 43-47.

Mudde, P.J. (1980) Corn Starch: A Low-Cost Route to Novolak Resins. Modern Plastics, 57, 69-74.
B8, TR g S H R (A ORI SR AA). bt A ol iR, 1990: 56-59.

BORIR, . B e T FC R (B i i B ST S, dERT: 2% Tk Hi e, 2003: 2-12.
TR, ZEEM, BE4EE, & MMNIE LR E G ERo R, TR, 1999, 24(6): 53-57.
R . A E AR JbRT AU T H i, 1988: 10-21.

NS, SRR, W, E. mr R I A AR AT T . AR YERLRL A, 2003, 31(11): 63-66.
BN, SRBAE, IR, SE. TRER AR SO ST OB . BARIE RN TR, 2003, 15(5): 56-60.
AT, AR, MR AV - TSRS AR A, A RCRE 7, 2002, 12(1): 22-25.
BN, SRR, IR, S RER AR P R AL ORI SR E R . SERLRHE, 2004(6): 50-54.
FHEY, B, A, T IR RIR A2 % Bk B A B S AR 7T, MR T, 2006(2): 41-44.
IR, —FhEETEREIR R MM By SR AR . AR [E 3kL, 2001, 15(6): 50-52.

BT, AR, TRER, . T ERIRIL ISR AR, FE MR G, 2002, 17(3): 11-14.
FHbAE, e, mvEREA i PBT B WM R B 7L, b E 2B KL, 20086, 20(6): 14-17.

A, EARE, RS =08 e R AR AT IT. MU 5HOR, 1996, 15(3): 411-414.
FBAE, EIFE, GEE, & SUEmEEN RS, SRR TR A, 2000, 12(1): 7-9.

FRBAE, FETNAME. YR 5 BV g LRI Sk e, 28KL, 2006, 35(5): 9-14.

Wakoe, EE, EARIE, SRRSO BN IR ) & RS T, e T AR R 5 TR, 1995, 11(5): 138-
142.

G, Z5fF, R—i%. i DSC # TG J7iLwt FUAH M B (A0 R N e B )1 % BB, 1998(5): 33-36.
AR, BRAME, PR, IR Rt BB AL, R K TR, 2000, 23(2): 69-73.

A, B S BY I  RE 7 BE R AT R B RORL A, BEMAK T, 1999(3): 11-12.

BB, 2, PURE. B HLRESCER R R AR S AT 7. @ TR E S TR, 2000, 16(1): 164-165.
Liweg, FSR, bk, TE IR st . 2L, 2004, 33(5): 39-42.

Ayala, D., Lozano, A.E., Abajo, J.D., et al. (1999) Synthesis and Characterization of Novel Polyimides with Bulky
Pendant Groups. Polymer Science Part A: Polymer Chemistry, 37, 805-814.
http://dx.doi.org/10.1002/(SICI1)1099-0518(19990315)37:6<805::AID-POLA16>3.0.C0O;2-9

HREL, RARRE, B 1. BB BRI S —— I ik SR . KL Tl 1996, 24(2): 73-76.
A, REEE, R R AR BB IE B A sl &aFi8TR, 1998(4): 57-64.
Yafi, FREIE. MR, MRS, 1998, 12(5): 57-60.

EIAE. R B IR JC k. RSN/ & 6L, 2000(6): 47-50.

mar AR D7 b SR BRI IR (0 ORI 7. BN ST A AR, 1994(1): 14-17.

ek, Aett, T, & MmN IESE FST S4BT Mk T, 1992(S1): 89-91.
KR, XIF, IKFE, . FHLETYEIG 58 TR A i SR A ). B0RL Tk, 2003, 31(10): 46-47.

Low, H.Y. and Ishida, H. (1999) Structural Effects of Phenols on the Thermal and Thermo-Oxidative Degradation of
Polybenzoxazines. Polymer, 40, 4265-4376.

MRiE S, mtEREMIREAR. dbst: oo Tl Hiitt, 1999: 38-43.

Hattalli, S., Benaboura, A. and Ham-Pichavant, F. (2002) Adding Value to Alfa Grass (Stipa tenacissima L.) Soda
Lignin as Phenolic Resins: 1. Lignin Characterization. Polymer Degradation and Stability, 76, 259-264.
http://dx.doi.org/10.1016/S0141-3910(02)00022-8

Vazquez, G. and Antorrena, G. (1995) Lignin-Phenol-Formaldehyde Adhesives for Exterior Grade Plywood. Biore-
source Technology, 51, 187-192. http://dx.doi.org/10.1016/0960-8524(94)00120-P

Iversen, T. and Wannstrom, S. (1986) Lignin-Carbohydrate Bonds in a Residual Lignin Isolated from Pine Kraft Pulp.
Holzforschung, 40, 19-22. http://dx.doi.org/10.1515/hfsg.1986.40.1.19

©



http://dx.doi.org/10.1002/(SICI)1099-0518(19990315)37:6%3c805::AID-POLA16%3e3.0.CO;2-9
http://dx.doi.org/10.1016/S0141-3910(02)00022-8
http://dx.doi.org/10.1016/0960-8524(94)00120-P
http://dx.doi.org/10.1515/hfsg.1986.40.1.19

~

B
48

[49]
[50]
[51]

[52]
[53]

XIZETR, 2% RRRMBHBERE. 7ML, 2005, 33(4): 9-11.
WEGEE, BN, FE/KUR. T Aaskh 2 A0 A VA BEEOR. THIRg i 48, 1998(3): 34-38.

Yuji, N., Bunichiro, T. and Yasunori, Y. (1997) Synthesis of Lignin/Epoxy Resins in Aqueous Systems and Their
Properties. Holzforschung, 51, 183-187. http://dx.doi.org/10.1515/hfsg.1997.51.2.183

XM B, BR2ET, AR, TR B SRR AR BRG A N H a 7t 2. RS 4n 1k T, 2007, 24(2): 190-193.
FRENRR, FEDCEE, RIS BT R OO BN IR BRI I FC. R Tk, 2009, 36(4): 24-27.



http://dx.doi.org/10.1515/hfsg.1997.51.2.183

	Application Research of Lignin in Resin Adhesive
	Abstract
	Keywords
	木质素在树脂胶粘剂中的应用进展
	摘  要
	关键词
	1. 引言
	2. 木质素胶粘剂概述
	2.1. 木质素胶粘剂发展史
	2.1.1. 木质素本身作为胶粘剂
	2.1.2. 木质素–脲醛树脂胶粘剂
	2.1.3. 木质素改性聚氨酯胶粘剂
	2.1.4. 木材液化制备胶粘剂


	3. 酚醛树脂
	3.1. 酚醛树脂分类
	3.2. 酚醛树脂的研究进展

	4. 木质素酚醛树脂研究进展与发展趋势
	5. 木质素酚醛树脂胶粘剂中存在的问题
	6. 展望
	基金项目
	参考文献 (References)

