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Laccase-based modification of lignin and preparation of
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Abstract : Lignin is modified by laccase, and then used to prepare high-performance lignin-based phenolic resin
adhesive.The impact of laccase modificationon functional groups and molecular weight of lignin are studied, and the
process parameters of laccase modification are further optimized. Results indicate that lignin modified by laccase Lacl5 is
used to replace phenol to react with formaldehyde to prepare laccase-modified lignin-based phenolic resin adhesive
(LLPF) ,showing a phenol substitution rate of 70%.The molecular weight of laccase-modified lignin is 18. 9% lower than
that of original lignin, the methoxy group content is 24. 46% lower, the phenolic hydroxyl group content is slightly less,
and the overall reactivity becomes higher.The dry and wet bonding strength of LLPF adhesive prepared under the same
process conditions reach 2. 11 MPa and 1. 82 MPa, respectively,which are 42. 5% and 40. 0% respectively than those of
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lignin-based phenolic resin ( LPF).
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PF 51.03 600 11.5 0.21 0.64  2.27+0.07
LPF 50.3 1203 10.9 0.16 0.82  1.30+0.29
LLPF  50.3 1633 11.3  0.17 0.36 1.83+0.16

ti#¢ 3 Al 01, LPF A1 LLPF A9 A 5 B AH 48 T
PF W15 TR, ZhRE R MESE N, 32 A AR BT R A
TR o3 B 0K S5 AT A A el A e b5 ot
T 5 B R A R A RN 7 ) 4y F i L PF
KR R B B = R R . LLPF [ eg
B T B R I o 4 B0 LG LPF ARG, X2 R R 280
il MCPEAR BT R T 5 WAk, B TG Mg v R R oA T
ZW IS5 RN, A5 U 25 P T 7 BT %
2.5 FREERIAELISM S #T

P IR RS IS 7 B FT-IR [N 5 s

1597
34Y0Q 29'16 1653‘14751260 lqlS
' ' IR

ELHE /%

o M . R
4000 3500 3000 2500 2000 1500 1000 500
/em™!

1—AAb 3 52— b 7 ;3—PF
H5 BBt K A5 A B FT-IR [ 3%

H &S WAL, A S I AE 3 400 em™' Ab R
H—OH BYMZE IR SN, 2 916 em™' &b i i 45 3k 5
UGS % T F AT B 1 597 em ™ 1 1 475 em™ ALY
W e B TR TR ot B AR S IR AR B, 1 260 em™!

FA5BFEAIH

A2 PR R AT s 5 T R R TR C—O R 45 4R B A O,
1 015 em™ 2L AW i 5 5 i & C—O RB i C—
OH H1fy C—0 F¥EH 3 C—OH BYfH 45 4R shAH &,
HAR 3 PR ER IS5 4 A — 2 WAL (L 7E
ik A — M ZES  LPF Ml LLPF 7€ 1 260 cm™' 4%
4R shig e PF 55, 1580 LPF M1 LLPF Wy 23k i
JE AP BGE IR T PF, X J& A A LPF Ml LLPF i
70% M 9 AR BT Z U 76 1 015 em ™' Ak, LPF # LLPF
M IS . PE 58 X% R R T AR LPF
A LLPF 5| A T REEFRHE,
2.6 EREMIEREEES

JRZEEI A DTG #hZE Nl 6 Frs , B g B 257 A
[vi] 30 88 DX ] JOT 403 2 S R A% o g N 4 o

REHEF/(%-C)

100 200 300 400 500 600 700 800
HRE/C
|—PF;2—LPF;3—LLPF

B6 fxaE#m DTG dh 4
F4 WERMNAREERBREHREIRFRRE

A& TR X ]/ °C B/ % FIAR TR/ %
PF 35~300 7.55 64. 96
300~ 650 22.30
650 ~800 5.19
LPF 35~300 11.82 57.07
300~ 650 19.30
650 ~800 11.81
LLPF 35~300 11.90 59.76
300~ 650 19.96
650 ~800 8.38

Hi I8l 6 .3 4 T, PF LPF \LLPF 25854y
M 64.96% 57. 07% 11 59. 76% , PF 5% 8 =, 5
KARHEE 502. 9°C, IR PF HEE LT LPF Fl
LLPF, Zeit BRBEFUCE AR B2 6l 5 1) LLPF 5k K
T LPF, H LLPF £ K2 806 ) &y I #530 , fok
Je# IR LLPF>LPF, LLPF #484 E PE S {8 T LPF,
Tt P 8 il AP A R T s I A R AR 1 RI
LAEAIF NDE CIPNES A 0F NG i XN el E 2



2025 F 48 EFINE BT REOARRIERARREEE NS REOTIHIS0HR

I, B AR AR PERRAR

it

o

w

(1) B SRS B F & 40 U/ g,
S BEEFE] R 8 b BHA EE R 105, R W 5 AR R
il %5 1 LLPF B 67 T B A M A 5w BE ] 5k 2. 11,
1. 82 MPa, fHE T & £ il el 1415 2 LPF 19 1. 48,
1.30 MPa, 23 52 T 42. 57%F1 40. 00% .,

(2) & ah B8 W Pk K BT R 5+ i R AR
18.90% , 5 PE R AL TR, RBT R 7 F ¥ — A
FIF LLPF B9 & i, AT ER H A 5T i 40 40T 1%
24. 46% , 93 F5 55 0T i 43 BOME AR e, PP AR T 6 40
LR AT 2 AS 5 R C,.C; 5H
8 %) BT, BT A T 28 R TR A e, {45 LLPF
WG TR

(3) R ACPE A ) T T T A g RS 1
LLPF Y5 LPF AH bt f K2k 06 ) iy Ui 7 1 #8280 , 2
BREZMARTET A SRR AR R P48
FNSEER i 2 2o 70 TR PR AR

S 30k

[1] Weiler S, Schwartzkopf P, Haffner H, et al.Development of a high-
pressure infiliration process for phenol-formaldehyde matrix com-
posites[ J].Polymer International ,2024,73(7) :509-515.

(2] Befife, STrEue 0NS8R BT 32 L 0 8 S I I 266 700 A 0T 7 0
JE R JRERJ] . P 34K, 2023,42(10) : 118-124.

(3] X405, B2  J AL, Tl A B R FEAAS BEHG 30) o 1o FH
FERE[ ] AEANALT.,2007,24(2) :190-193.

[4] Zhao W, Simmons B, Singh S, et al. From lignin association to
nano-/micro-particle preparation ; Extracting higher value of lignin
[1].Green Chemistry,2016,18(21) : 5693-700.

[5] Singhania R R,Patel A K,Raj T, et al.Lignin valorisation via en-
zymes: A sustainable approach[ J].Fuel,2021,311:122608.

[6] Wang T,Li H,Diao X, et al.Lignin to dispersants, adsorbents, floc-
culants and adhesives: A critical review on industrial applications of
lignin[ J].Industrial Crops and Products,2023,199.116715.

(7] BXEEA, ZORE, e, 45 R BT o Al o i K v (B AR )
[J]. T EE4K,2023,42(4) : 113-122.

[8] Xian X,Wu S, Wei W, et al.Pretreatment of kraft lignin by deep

eutectic solvent and its utilization in preparation of lignin-based

- 135 -

phenolic formaldehyde adhesive [ J]. Bioresources, 2021, 16 (2) :
3103-3120.

[9] Arrehui L, Ayala M, Goome-gil X, et al. Laccases: Structure,
function , and potential application in water bioremediation[ J ]. Mi-
crobial Cell Factories,2019,18( 1) :200.

[10] Li Z, Jiang S, Xie Y, et al. Mechanism of the salt activation of
laccase Lac15[ J].Biochemical and Biophysical Research Commu-
nications ,2020,521(4) ;997-1002.

(1] RV, A, 220, 55 T 100 A 3 T o AR 8 7 4k A o
il S BRI R R A BT 58 [ 1] 09 46 T2, 2023, 52(8) : 2342~
2345 ,2352.

[12] Zhen X,Li H,Xu Z, et al. Demethylation , phenolation , and depoly-
merization of lignin for the synthesis of lignin-hased epoxy resin via
a one-pol strategy [ J].Industrial Crops and Products,2021,173;
114135.

[13] 5, ESCR A CGE LI & By WA IR il B R [ )] .4k
3Tt ,2019,28(4) :69-71.

[14] Pan X,Kadla J F,Ehara K et al.Organosolv ethanol lignin from hy-
brid poplar as a radical scavenger: Relationship between lignin
structure , extraction conditions,and antioxidant activity[ J ].Journal
of Agricultural and Food Chemistry,2006,54( 16) :5806—5813.

[15] Yang S,Wen J L, Yuan T Q,et al.Characterization and phenolation
of biorefinery technical lignins for lignin-phenol-formaldehyde resin
adhesive synthesis [ ] ]. RSC Advances, 2014, 4 ( 101) ; 57996 -
58004.

[16] 22156, AP, E T 45 S Mk 1904 P A 57 28 i 4 700 M 1
J0T 2 B IR B SR 3R [ 0] 8 FHAE T.,2022,51(4) :907-911.

[17] ¥ %2 320 50 S 52 A P Re Y TR ST 4 Al HE B i K 1k
BUERFSE D] JCE TR K, 2017,

[18] Xu Q,Qin M, Shi S, et al.Structural changes in lignin during the
deinking of old newsprint with laccase-violuric acid system[ J].En-
zyme and Microbial Technology ,2006,39(5) :969-975.

[19] Zhu D, Liang N, Zhang R et al.Insight into depolymerization mech-
anism of bacterial laccase for lignin[ J].ACS Sustainable Chemistry
& Engineering,2020,8(34) :12920-12933.

[20] Mai C,Schormann W, Hiittermann A et al.The influence of laccase
on the chemo-enzymatic synthesis of lignin graft-copolymers [ J ].
Enzyme and Microbial Technology,2002,30( 1) :66-72.

[21] Tobimatsu Y, Schuetz M. Lignin polymerization ; How do plants man-
age the chemistry so well? [J].Current Opinion in Biotechnology,
2019,56:75-81.

[22] SRR, BREUSR, JE 0l 45 AR BT 3 - 28 195 - F AT AR I 2700 11
PERE S & HLEE[ J] ARk T R4k ,2020,36(21) :308-315. 1

O e S S

TR 3 B3 B AL D) M iy

http : //www.xdhg.com.cn

Y X




