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Abstract: Lignin-based carbon fibers not only broaden the application fields of industrial lignin residues, but
also reduce the manufacturing cost of chemical carbon fibers. In order to better prepare lignin-based carbon fibers
with high mechanical properties, the research results of lignin-based carbon fibers in China and other countries are
summarized in this paper. The formation mechanism, preparation method and microstructure of high mechanical
properties carbon fibers were analyzed and summarized. Then, the types of intermolecular bonding, aggregation,
surface micropore and fiber diameter which affect the mechanical properties of carbon fibers are summarized. It
can provide reference for the study of preparation and mechanism formation of high performance lignin-based car-
bon fibers.
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Table 1 The diameter and mechanical properties of carbon fibers prepared by different blends

FIRLT 4 ik, HAR/um /% LPisi B/ MPa P E/GPa
HARBRRELAE « PORWHHRK 1643.9 0.94+0.15 780+120 68+7.3
HRMBREEARE - POREK (RE) 1643.9 0.94+0.15 780+120 68+7.3
BRI AR + HORGRARERIK 12+1.0 2.20+0.30 610+70 20427
HORBRREAE + HORGRRREL I - ZE 20+1.5 1.00£0.43 340+112 22434
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Fig. 3 FT-IR of bio-based thermoplastic phenolic resin of walnut shell

* 2 ZREEMERE SRR SRS
RIS E R KA B
Table 2 Infrared absorption peaks of bio-

based thermoplastic phenolic resin of walnut shell

W50 /om ™ W e )
1595 RIFC=CIIH AR D)
1454 HRIRC=HI M=)
1362 -OHY 4R 5
1227 C-Off 4R zh/ O-HNZ i #R 3
1101 C-O-CII4EiR )
880 I FHUY
825 IR LU
756 IR AR
670 IR IR

22 BEDXHEN

TR £ 4 1) 7 1 i 32 ZE 52 [ 38 A i 245 A 1
£ R ) ) 4 ERUY, RIS R A v A ik £T 4 2
TR &h TR A7 ARSI Y B, s SR R A Rk £
A D02 T V2R AR b ) 5 AR B B A ik
gh . SR AS B 25 ik 2T 4k 10 B T AT 1l IR X
HAES P D S S [ S P = =3 1=/ G E P N i
BRI A (W PR R E — AR FRTE 780 MPa, fif
i 68 GPal”), 55 Hfth I [5 14 ik 2T 4t hor A i J3
FHEEAHZE R K .

SRR M TIREFAEROM 25 H . SE R R
W1, BREFAEN A SRR, U P A 5
2B A BRI, AL H AR A AR A A A
RFATE R Z A 2 h A5 8 TR, B
22 [ IR IR IOV S 1) R sk e A7 B 22 1 7 0 7 ORI g

A MBI IR A, TP AR R A A5 2 A i 0 A8
FIE LA B HAF PR RE o RIASSED BIFY e B 1Ak 2
B BT RN T R REAR, 2 3T 2 R IX
BT BE T R, £F 4k 0 PRk B g T AL e T B 8
AEXT IRb R W K, A5 A A A B LA
AR 5 4 S R R HE S R B S IE ARG, DA
AT RN 25 i A B JEL B A R T4 e Bl 4T 4 1 ) 2
PERE . BT 3R I A 4E 5 PAN SLFNU 5 Stk 4F
A LERITEIT R HE, R IR B 28 L 4T 4 1Y 25
JEE VR e BEARARARG, {E2 A I - 2H 58 FH 9
T LB A AR AT 2 (L Li AR % BB 27 4k )
RURNAE BE 2 Wl A AR T 3R 40 i (38 i DA By i
AR EC (PDL) W/ n, EH T KA F i
B BrORE R 1 48 i 1 S e e AT 4R S A F s K
22 ) LR A T RN W AL B R R e IR TE T R
TS5 R AR ) B B oy FRE, SRR T KR
FE WAL 535 I HES B g 55,
23 WMWK

AR T DA b5 ma AR it 3 Lk A iR BRI R
KL, TIOULZE R4 X 21 4 1 g 22 P R %) 5 e 5 R 1.
W o 4 2 2 T A TR L = SOUR Bk B 2 s e [ 35 2
—, JERERE | R T2 RRIE R i ik £ 4 )
YRR L . FURIANAl R it 2 S AT 4 i R A
BT, MXERTSARRFEREZ)G,
JERBRIE U AR I 254, AT T >k . Ak )s
FHEOR R AR MY AL, 25032 2R,
SR AT 2 5 B 7 B . W Qu AE RO FE I il
2y 22 Z T 8 KA AR SRR AT R . ek
AL BE, W T IRy F 5, M & PR
PRI AR 4E, AT 2R Sk 41 4t I 22 i) 48 1 o v ™
A PTECFL BRI, FR TR BT 38 B 41 4 1 3R T AL



553

A OREE . ORBTRIEGRLT 4 )1 E L RE MBI ik 181

WAL IE R RS 2, PRI XS 5 BE 4 52 4K
Kubo %P7 X BOR A it 2 SE ik £F A E AT 9, %
HiREV N TS S0 P AN el a4 X AT e ) A 3 i
fL, DCIALBEIR TR A Se e 450, BRAIK T Rk
Ui 2R RE
B 4T 4k 1) B A Y WA 2T 4 g 4 RE 5 —

O BIIG . A IR BARY, BRET 4 1Y £F 4 B AR
KIETj2pbhpeiizs . RE R E T R4 EHE b
FUR AR ) 2o A o 2t B — e R B AR s, TR 2R
W EARE R, AR SRR S N
WEREAMAISININE, BERMEESHES
WP R, LR e AR 2.
I B R B, R A R TR SE ik AT et B
B — AR HRTE 25 ~ 55 pm 5000, ZE AR SiE Y
T BN EERE SR S i R OR B OGN R, XA
PR T B T 4 (42 i S5 A 2 —14k . AT S kR
21 Y Kz 2 AR 0 hr A B A B B B 25
A SR T 2R T R, Bl ANWTAET, BLAE
AT B B A 5 BB AT 4 1Y B R B /N . 3K
56 v o 5 L 2 2245 3 0 R 3R JL ik £ 4 B/ E
2] KBGOGB AN AR5 25 2 R4
miez . WA AL . AR, BT EAK,
il 28 2T Y2 — PR hs o XIS B % FH R vk 9y
22 T 2H &R T BEAARFEHAER 3 FRTTER-N
JilE (LS-AN) ILRWLr2e, FxtH 7 E
AL HE, WF5Y T LS-AN ISR 47 4 iz e fb it
WY B ROT 800 . 45 R R W B A% I 25 0 1 TR
TEACR R AT OB NF Y AR . X — Tk
A F T Y, DT AR AR A R N AT
PR 203 i AR i Ae e AL g A, L& i ik £F
AR Ao B IA 5] 849 MPa, PiffiifE ik 146 GPa.
L AR AR R, S R EAE . Bk
Akt fE 2 Re B A8 2, fe ELEE R A
FEF B AR I RS 21 2 3 i s R AR B 0k i, T
A BRI

3 it

Zf BATAL, R FBUR IERRET 4 5 7 AR R T o
JiE W RER AT e AR L S AR RE B B RO
B AER SR BT R HE R ET 40 A — i 1Y X
9, Z07 T BRI TE AR 96 T HERES TR A M LR R
B[Rt ] AREAR A AR EF A,
JRBRET AR S TS (4 7 2 1k BE AR A 1
1l 8 A 2 A T 3R Ak £ 4 M Ak Y A R
o (AP B A ZEARAS P RE AL 75 Y A oL 38 Bk e 21

LA BRI EOE

T & 7 M RE 6 L, B R A0k JsURE AL B
I, Ay A A, (HR TR R R 2
A A R SR AT eV R 2 . S A& Uik
RO G A U EA R N TR LS T s
SYER S rEfe . HR BN BRI, R
TR TBYr, R TA A, BT A
JRER B R WAL & O AR i DS 2 AT
REMS At ol Al A JEORH A I, ) B 408 42 il v
oy T TR A, BETRESS B P TR AT
Ak o G- A SN P RS UR L eh 2 N A
FHIMEEPHEBR, ART kA,

A JBT 2R R 2T 2 bR 1 45 K R R ) 2 1 e
IS ZR LAl DI Y, ) dn 5 A i o A 4 11 44 2 il
B MR AT YE I 22 AL E R . IR 22 B
A, s Al )E AT LRI 1 sk iR, RNl
A LA e i R A S B T IR D 22 ) B ) P
. T EERIHES IR ST, A M TR 5
YERERUBRET 4k . fALE /D, AR TR GESE )
ARy E SIS AT G A ke e ¢ S il N e
e K MRS, A g sb SR,
Wi B 21 2 (A 1) 25 A 2 — Ak, AR RRET 4 g 2k
RET R, DI B P AP 4R AR, R &
75 J1 2 PERBRRET A — AR T2,

(& % x W]

(1] Yin J, Zhao G. Progress in research and application of
lignin based carbon fiber [J]. Wood industry journal,
2011, 25(1): 30-33.

(2] Wang X, Jiang S, Chen M, et al. Research progress of
wood based carbon fiber [J]. Journal of forestry engin-
eering, 2016, 1(1): 83—87.

(3] Otani S, Fukuoka Y, Igarashi B, et al. Method for pro-
ducing carbonized lignin fiber: US3461082[P]. 1969.

[4] Sudo K, Shimizu K. A new carbon fiber from
lignin [J]. Journal of Applied Polymer Science, 1992,
44(1): 127-134.

(5] Pu S, Shiraishi N. Liquefaction of wood without a cata-
lyst I. Time course of wood liquefaction with phenols
and effects of wood/phenol ratios [J]. Journal of the Ja-
pan Wood Research Society, 1993, 39(4): 446—452.

(6] T SLAIF A 100% ACJo 3R Fele 21 4E 52 45 B1BE™ fi [J].
P RHELFAE S I, 2015, 40(6): 69-70.

(7] Olsson C, Sjoholm E, Reimann A. Carbon fibres from



182

[N A N o

39 &

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

precursors produced by dry-jet wet-spinning of kraft
lignin blended with kraft pulps [J]. Holzforschung - In-
ternational Journal of the Biology, Chemistry, Physics
and Technology of Wood, 2017, 71(4): 275-283.

Yang L N, Wang D M, Zhou D, et al. Isolation and fur-
ther structural characterization of lignins from the
valonea of Quercus variabilis [J]. International Journal
of Biological Macromolecules, 2017, 97: 164—172.
Jiang C, He H, Yao X, et al. The aggregation structure
regulation of lignin by chemical modification and its
effect on the property of lignin/styrene-butadiene rub-
ber composites [J]. Journal of Applied Polymer Sci-
ence, 2017, 135(5): 45759.

KAUARE . A SRR 4 [J]. EAMESF A, 2012,
41(3): 43-48.

Thunga M, Chen K, Grewell D, et al. Bio-renewable
precursor fibers from lignin/polylactide blends for con-
version to carbon fibers [J]. Carbon, 2014, 68(2):
159-166.

Jin J, Ogale A A. Carbon fibers derived from wet-spin-
ning of equi-component lignin/polyacrylonitrile
blends [J]. Journal of Applied Polymer Science, 2017,
135(8): 45903.

PTG, BT, K, SF . AW T R SR A P
AR B A S At B £ 4 BT SRR ORI ST [J]. PH LA Bt
*#41t, 2018, 33(3): 192-197.

TR HNE. TR AR ET AE R ] . 254 5 M RERAE
[D]. bt db gl K2, 2011.

Lievonen M, Valle-Delgado J J, Mattinen M L, et al.
Simple process for lignin nanoparticle preparation [J].
Green Chemistry, 2016, 18(5): 1416—1422.

SR, B R BER i N AR AR B W 0
[7]. k2438, 2001, 64(8): 470—477.

WRIEE . SO R 1y AR I 114 ) 7 S LSO ET P RE A
¢ [D]. Lifg: ZRAERA%, 2016.

R T, PR, BT 78, AR B IR £ 4 1 ] 25
3R R P BE B 5T [J]. b T8 B HE L, 2016, 44(5):
148-150.

FRER. BRETAERTEIRE . R IHDRE B2 KAl A R
fiE [D]. PR MR Tl k%, 2010.

Li Q, Serem W, Dai W, et al. Molecular Weight and
Uniformity Define the Mechanical Performance of
Lignin-based Carbon Fiber [J]. J. Mater. Chem. A,
2017(5): 12740—12746.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

P, BT, MRS, 55 BHES ALY A R 4B
{3 R I8 P T B B IR (D). BB 4z, 2018, 32(18):
3244-3248.

64, B SE, TR, A5 o i AR AT 2 5 pe A
T i 21 AE GROW S5 43 (0], 85 93 1274l 2017(3):
380-388.

XA, AR, B, 5. RINRNE A4 ) SRk 2T
HE LA S PR RE I SRR (0], B b RHE R, 2014,
31(1): 66—72.

Gao G Z, Dallmeyer J I, Kadla J F. Synthesis of lignin
nanofibers with ionic-responsive shells: water- expand-
able lignin-based nanofibrous mats [J]. Biomacro-
molecules, 2012, 13(11): 3602-3610.

IR, EAR], AT, S5 R A YRR C TRk
T 22 TR RE (). AR RE AR (A SRR,
2016, 42(2): 198-203.

Qu W, Liu J, Xue Y, et al. Potential of producing car-
bon fiber from biorefinery corn stover lignin with high
ash content [J]. Journal of Applied Polymer Science,
2018, 135(4): 45736.

Kubo S, Kadla J F. Lignin-based carbon fiber: Effect of
synthetic polymer blending on fiber properties [J].
Journal of Polymers and the Environment, 2005, 13(2):
97-105.

Spender J, Demers A L, Xie X F, et al. Method for pro-
duction of polymer and carbon nanofibers from water-
soluble polymer [J]. 2012, 12(7):
3857-3860.

bR, BEFEI, ZR9N. BT Ak Je U A58 A FRAE T 15 [J].
AT RIBE L, 2017(4): 119-120.

Fang W, Yang S, Yuan T Q, et al. Effects of various

Nano Letters,

surfactants on alkali lignin electrospinning ability and
spun fibers [J]. Industrial & Engineering Chemistry Re-
search, 2017, 56(34): 9551-9559.

XM, BRBHZEE, VLR, 55, RBUR -GG IR Y £F
ArPteE o i BLAR ROST308; [J]. o F Rk
Bl 5T, 2017(11): 75-80.



http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;7461.2018.03.36
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.3969/j.issn.0441&amp;#8722;3776.2001.08.002
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.11896/j.issn.1005&amp;#8722;023X.2018.18.026
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1000&amp;#8722;3851.2014.01.009
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006
http://dx.doi.org/10.3969/j.issn.1671&amp;#8722;0444.2016.02.006

